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Abstract 14 

Predatory mite species (Acari: Phytoseiidae) are essential tools in the biological control 15 

of greenhouses pests. The natural enemies can be released directly into a crop. A better, 16 

partly preventive system is to place slow-release sachets on the plants. Inside such 17 

sachets is a factitious prey's food substrate – which also acts as refuge – and the 18 

predator. The objective of this study was to develop a new methodology to evaluate the 19 

population dynamics of this sachet system, based on the factitious prey Carpoglyphus 20 

lactis and the predatory mite Amblyseius swirskii. Through two tests carried out under 21 

laboratory conditions, the sachets were first compared to the traditional extraction 22 

method that uses Berlese-Tullgren funnels and an extraction method using flotation in 23 

hexane. The latter method proved more effective at sampling the motile states (larvae, 24 

nymphs, and adults), both for the predatory species and for the factitious prey, 25 

extracting up to 3.7× more mites than the Berlese-Tullgren funnel. Second, the 26 

population dynamics of both mite species was studied in a laboratory test, both inside 27 

and outside the sachets. In this way, a positive correlation was demonstrated between 28 

the number of predatory mites and the number of prey mites inside the sachets. 29 

Conversely, no correlation was found between the interior population of predatory mites 30 

and the number that venture outside. We can conclude that hexane extraction is very 31 

useful both in quality control of predatory mites and in studying how the sachets behave 32 



 
when faced with various factors. 33 

 34 

Keywords: Phytoseiidae, Carpoglyphidae, Amblyseius swirskii, Carpoglyphus lactis, 35 

Hexane flotation, quality control. 36 

 37 

 38 

Introduction 39 

The worldwide use of predatory mites (mainly the family Phytoseiidae) constitutes one 40 

of the basic pillars of integrated pest management in greenhouse crops (Knapp et al. 41 

2018). There are several commercial formulations for manipulating and releasing them 42 

in crops, all of which have food substrate for factitious prey (usually astigmatid mites) 43 

and/or carrier substances (Vila and Cabello 2014). 44 

One of the factors determining the success of a biological control programme is 45 

the quality of the predators supplied by the manufacturers (Vila and Cabello 2014). In 46 

addition to biological parameters, such as, among others, fecundity, sex ratio, and 47 

search capacity, the number of predatory mites and prey present in the substrate is very 48 

important to the success of the control used in the crop (van Lenteren et al. 2003). 49 

Releases made with low-quality material, or with fewer individuals than necessary, lead 50 

to failures and uncertainty in the augmentative biological control (O'Neil et al. 1998; 51 

van Lenteren et al. 2003). 52 

Detailed guidelines for various species of natural enemies have been developed 53 

by the International Organization for Biological Control and are used worldwide for the 54 

quality control of phytoseiid mites (van Lenteren et al. 2003). Thresholds for quantity, 55 

longevity, sex ratio and fecundity are included in these guidelines to set the requisite 56 

quality standards in certain mite species of the family Phytoseiidae. Regarding the 57 

quantification of mites present in commercial substrate, three methodologies are 58 

detailed for four species: Neoseiulus cucumeris (Oudemans), Iphiseius degenerans 59 

(Berlese), Phytoseiulus persimilis Athias-Henriot, and Neoseiulus californicus 60 

(McGregor). Quantifications are performed on the living material by hot water sieving 61 

(N. californicus), direct counting (I. degenerans and P. persimilis) and the Berlese-62 

Tullgren funnel technique (N. cucumeris). 63 

On the other hand, since 2005, the marketing of Amblyseius swirskii Athias-64 

Henriot (Acari: Phytoseiidae) and its implementation in biological control programmes 65 
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has represented a great advance in the treatment of protected crops in Europe (Calvo et 66 

al. 2015). The application of mites on greenhouse crops is performed using mechanical 67 

blowers or slow-release sachets (Midthassel et al. 2014; Vila and Cabello 2014; Calvo 68 

et al. 2015). These sachets mainly contain a wheat bran and other food sources are 69 

present, such as yeast and wheat germ. The wheat bran acts mainly as carrier material 70 

(Vila and Cabello 2014; Calvo et al. 2015).  71 

These types of sachets allow the phased dispersion of the predator mites from 72 

the sachets to the crop, especially important when there is no alternative food source 73 

(usually pollen) other than the target pest available for crop colonisation by predator. 74 

However, the predator-prey dynamics inside the sachets can be affected by various 75 

factors that might impact the success of the biological control. Intrinsic factors include 76 

the spatial complexity between the substrate, the quality of the prey’s feed substrate, the 77 

initial predator-prey density, and the intra- and inter-specific interactions (Midthassel et 78 

al. 2014). Extrinsically, the mite populations can be affected by environmental 79 

conditions, such as temperature, humidity, water availability and phytosanitary 80 

treatments (Ghazy et al. 2016; Shimoda et al. 2017; San et al. 2021). 81 

The aim of the present work was to develop a system that could be more 82 

adequate and timesaving to assess the populations of the prey mite Carpoglyphus lactis 83 

(Acari: Carpoglyphidae) and the predatory mite A. swirskii in the formulations currently 84 

available in slow-release sachets. 85 

 86 

Materials and Methods 87 

Biological material 88 

Swirski ulti-mite© (Koppert, Almeria, La Mojonera, Spain) slow-release sachets with a 89 

1.85 ± 0.15 g net weight were used, containing A. swirskii and C. lactis mites, in all life 90 

stages, and wheat bran as the main dispersion and feeding element of the prey (C. 91 

lactis). The material was used within 24 h of reception and following the handling 92 

instructions given by the company, to avoid decrease of quality. Two motile mite 93 

extraction methods were used, as described below. 94 

 95 

Extraction methods 96 

Extraction based on the Berlese-Tullgren funnel 97 

The methodology proposed by Kim et al. (2001) and van Lenteren et al. (2003) was 98 
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followed for N. cucumeris, and that proposed by Lopez et al. (2016) for A. swirskii. To 99 

do this, the contents of the sachets were homogenized carefully with a spoon for 1 min 100 

and then 0.5 g samples were taken. The samples were put on a 6-cm-diameter sieve with 101 

a 750-µm mesh and successively placed at two heights under a 60-W incandescent bulb 102 

to achieve an ascending temperature ramp. The initial moisture content of the sachets 103 

was 23.07 ± 0.01%; hence, prior to the tests, the times and the optimal distance at which 104 

the sieve was placed with respect to the bulb were determined to achieve the greatest 105 

possible extraction, as sachet moisture contents greater than 16.5-19% require more 106 

exposure time (van Lenteren et al. 2003). The sieve was set at a distance of 20 cm from 107 

the bulb for 10 min, then it was placed at 10 cm for 5 min. The motile mites (predators 108 

and prey) that fell through the sieve were collected on a plate containing a liquid soap 109 

film and counted under a binocular magnifying glass (larvae, nymphs, and adults). The 110 

number of replications was four sachets, taken at random from the same commercial 111 

batch. 112 

 113 

Extraction by flotation in hexane 114 

Hexane extraction was performed by modifying the methodology of Geurs et al. (1987) 115 

proposed for the extraction of microarthropods in soil samples using heptane flotation. 116 

To do this, after homogenizing the sachet, a 0.5-g sample was taken and divided into 4 117 

sub-samples of 0.125 g each. Separation by hexane (Hexanux Nazza, Industrias 118 

Químicas Eurotex, El Viso del Alcor, Seville, Spain) was carried out in three phases. In 119 

phase I, the material was fixed with 20 ml of 96º alcohol; then, 20 ml distilled water was 120 

added to create an aqueous phase along with a drop of Triton X-100 (A4975, Panreac 121 

Quimica, Barcelona, Spain) to decrease the surface tension and facilitate the bran 122 

deposition at the bottom of the beaker, as well as to prevent the formation of fat drops 123 

from the bran. In phase II, 20 ml hexane was added and stirred with a spoon to facilitate 124 

the disconnecting of mites that are trapped in the bran fragments. In phase III, the mites 125 

were extracted at the interface between the hexane and the alcohol and water using a 126 

glass pipette, after which the motile A. swirskii and C. lactis mites were counted under a 127 

binocular magnifying glass. Specimens that showed symptoms of dehydration and/or 128 

collapsed were not counted. The number of replications was four sachets, taken at 129 

random from the same commercial batch. 130 

 131 

Population dynamics of mites inside the sachet and their release to the outside 132 
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Variation in the motile forms of the mites was evaluated by sampling the individuals 133 

present both outside and inside the sachets. For the external evaluation, the 134 

methodology of Shipp and Wang (2003) was modified by placing the sachets on 135 

wooden sticks (8 cm high) punctured into the centre of gummed plates (20 × 24 cm) 136 

that had a rectangle of ungummed dark paper (5 × 7 cm) and a Vaseline edge around the 137 

plate to prevent possible escape of the arena. The plates were changed on days 3, 7, 13 138 

and 21, and the moving mites present on the plate were counted using a binocular 139 

magnifying glass. These represented the releases from the sachets. To count the 140 

population inside the sachets, destructive sampling was performed after positioning the 141 

sachets (T = 0 days) and on the same days as the external population was determined. 142 

To do this, the number of mites present inside four sachets for each day of sampling was 143 

quantified following the hexane method. 144 

The test was conducted in a ICP 600 climate chamber (Memmert, Schwabach, 145 

Germany) at 25±1 ºC, 60-70%RH and L16:D8 photoperiod. 146 

 147 

Statistical analysis 148 

In the extraction method assay, the experimental design was univariate totally 149 

randomized with only one factor or treatment (with sub-sampling per sachets). This 150 

factor had two levels: extraction by Berlese-Tullgren and extraction by flotation in 151 

hexane. The total number of motile mites within the sachets, extracted using the two 152 

methods, was analysed using Generalized Linear Models with the gamma distribution 153 

and the logarithmic link function, since these have been reported as the best approach 154 

for describing the population size (Dennis and Costantino 1998; Benton et al. 2002). 155 

The mean values were compared using the Wald test.  156 

In the population dynamics assay, the relationships between the motile forms of 157 

the predator and the prey, inside and outside the sachets, were determined using 158 

Pearson’s correlation coefficient. In both cases, the analyses were carried out with IBM 159 

SPSS v.26 statistical software.  160 

 161 

Results 162 

Extraction methods 163 

Figure 1 shows the number of motile mites extracted, their different states and species, 164 

using the two methods. In the statistical analyses, the models were significantly adjusted 165 
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to the data according to the Omnibus tests in all the categories analysed and highly 166 

significant statistical differences were found between the two methods (Table 1). More 167 

motile individuals, both adult and immature of both species, were extracted by hexane 168 

flotation than by the Berlese-Tullgren funnel (Fig. 1).  169 

 170 

Population dynamics of mites inside the sachet and their release to the outside 171 

Figure 2 shows the number of motile immature and adult A. swirskii and C. lactis 172 

present inside the sachets throughout the sampling period. The maximum number of 173 

motile forms of A. swirskii inside the sachets was reached after 7 days (Fig. 2A), 174 

whereas the maximum population of C. lactis was recorded on the 3rd day (Fig. 2B). In 175 

both cases, the number of immature forms was higher than that of adults. Compared to 176 

the start of the test, a gradual decrease was recorded in the number of adults of both 177 

species present inside the sachets (Fig. 2). Inside the sachet, the initial predator-prey 178 

ratio was 1:4.9 for the first 3 days, after which it gradually decreased until day 13, when 179 

they were practically equal (1:1.2). At 21 days, the populations of both species inside 180 

the sachet were close to 0 under the conditions tested. 181 

The number of A. swirskii and C. lactis individuals coming out of the sachets are 182 

shown in Fig. 3. It has been established that the cumulative number of predators over 183 

the test period exceeded the product specifications for use in crops (325.25 ± 50.76 vs. 184 

250 predators/sachet). The maximum number of predators leaving the sachets occurred 185 

between days 7 and 13 (approximately 33 predators per day and per sachet) (Fig. 3A). 186 

With regard to C. lactis, it was observed that it is mostly the motile immature states 187 

leaving the sachets, and this occurs during the first 7 days, decreasing practically to 0 188 

over the following days (Fig. 3B). 189 

Regarding the interior contents of the sachets, Pearson's correlation coefficients 190 

revealed that the number of A. swirskii motile immature was positively correlated with 191 

the number of immature prey (C. lactis) (Table 2). The Pearson's correlation coefficient 192 

was highly significant regarding the number of A. swirskii adults to adult prey (C. lactis) 193 

inside the sachets. On the other hand, the number of motile immature predators that left 194 

the sachets was negatively correlated with the interior content of C. lactis adults, and 195 

positively correlated with the number of motile immature predators present inside the 196 

sachets (Table 2). The number of adult predators that left the sachets was negatively 197 

correlated with the number of C. lactis immature motile and adult contents inside the 198 

sachet. Conversely, this correlation was positive with respect to the number of immature 199 
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co-specifics that came out of the sachets (Table 2).  200 

 201 

Discussion 202 

The hexane flotation method extracted a higher number of both motile immature and 203 

adult A. swirskii and C. lactis mites than the method based on the Berlese-Tullgren 204 

funnel proposed for N. cucumeris (Kim et al. 2001; van Lenteren et al. 2003). 205 

Moreover, this new application has allowed us to verify the extraction far more rapidly 206 

and to dissociate the sampling over time with the extraction of the mites following their 207 

fixation. This enables mite populations to be studied in detail when a large number of 208 

sachets need to be analysed simultaneously, as is the case in biofactory quality control 209 

and/or in field tests. However, it should be noted that this technique does not allow the 210 

extraction of mite eggs. 211 

This is not the first time that the affinity between arthropod cuticles and 212 

petroleum derivatives has been used to extract them from different media; indeed, it has 213 

been successfully used in diverse substrates such as soils, debris, stream substrates, 214 

moss and leaves (Barmuta 1984; Walters et al. 1987; Geurs et al. 1991; Kethley 1991; 215 

Belascoain et al. 1998; Andrew and Rodgerson 1999; Proctor 2001; Faraji et al. 2004; 216 

Rolland and Laroque 2006; Harris et al. 2017). In our case, hexane flotation extracted 217 

3.7× the total number of motile mites in a totally organic medium composed almost 218 

entirely of wheat bran (Fig. 1) compared to the conventional method based on the 219 

Berlese-Tullgren funnel. Similar values (up to 4.1× more individuals) were obtained by 220 

Walter et al. (1987) in soil samples employing the same principle but using heptane 221 

flotation versus a Macfadyen-type funnel with a temperature gradient. A greater 222 

quantity and diversity of mites and other arthropods was obtained in stream substrates 223 

and debris samples when comparing flotation in kerosene versus direct extraction under 224 

a dissection microscope (Barmuta 1984; Proctor 2001) and even in cephalic capsules of 225 

chironomid dipterans (Rolland and Laroque 2006). Extraction has also been higher in 226 

other arthropods, such as springtails (Collembola) and Diptera, when this technique is 227 

compared to sugar flotation (based on density differences) (Andrew and Rodgerson 228 

1999). Only Harris et al. (2017) reported a lower rate of mite recovery from a sample 229 

when using paraffin to extract Tetranychus urticae Koch (Acari: Tetranychidae) from 230 

apple and cherry leaves compared to other methods, including the Berlese-Tullgren 231 

funnel. 232 
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From the biological control standpoint, the dispersion rate of A. swirskii from the 233 

inside of the sachet to the crop is the reason for using this release technique. In predator-234 

prey mite systems, two types of dispersal strategies can be distinguished: the ‘killer-235 

strategy’ in which the predators remain in the ‘patch’ while prey are available, and the 236 

‘milker-strategy’ in which predators disperse from the patch at a constant rate while the 237 

interaction lasts (Pels and Sabelis 1999). Furthermore, it is assumed that the predator 238 

emigration rate decreases as a function of prey density and is also influenced by the 239 

increased density of predators in the patch (Eveleigh and Chant 1982; Bernstein 1984). 240 

In the context of slow-release sachets in controlled conditions, if one compares the 241 

predator and prey populations, the maximum number of prey (motile forms) inside the 242 

sachet was recorded on day 3, from which point the population of C. lactis gradually 243 

decreased (Fig. 2B), whereas the maximum predator population inside the sachet was 244 

recorded on day 7 (Fig. 2A). With regard to the predator population leaving the sachet, 245 

the largest number of A swirskii exits was recorded within 5 days of recording the 246 

maximum number inside the sachet, most being adult forms (Fig. 2). Based on these 247 

results, A. swirskii might use a strategy similar to the ‘killer’ type, as supported by the 248 

negative correlation found between the density of adult predators present in the slow-249 

release sachets and the proportion of the population that went outside (Table 2). 250 

However, this should be viewed with caution as there may be differences among 251 

populations within a species (Pels and Sabelis 1999; Revynthi et al. 2018). Despite the 252 

above, it should be noted that a sachet such as the one we used, cannot exactly be 253 

considered a ‘patch’ due to the dispersion limitations that the sachet presents, having a 254 

single exit hole. On the other hand, the predator-prey relationship is not the only 255 

dispersion factor; at the individual level, there are numerous local conditioners and 256 

interactions that influence dispersion, as documented by Revynthi et al. (2018), all of 257 

which might influence the predator dispersion rate. Likewise, the sachets do not provide 258 

a watertight system; they will suffer variations in temperature, moisture content and 259 

relative humidity depending on the external environmental conditions. These physical 260 

factors are the most important influencing the development of mite populations (Collins 261 

2012), affecting the dispersion rate from inside the sachet.  262 

Regardless of the population fluctuations that occur inside the sachet, it was 263 

observed that the initial number of predators packaged in the biofactory was much 264 

higher than the total number leaving the sachet during the trial (1216.67±94.50 A. 265 

swirskii individuals packaged in the biofactory compared to a total of 325.25±50.76 266 
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predators leaving the sachet under the test conditions) and the amount of A. swirskii 267 

indicated by the manufacturer. These data suggest that the sachet performance may be 268 

improved. Given the complexity of comparing the inner content of the sachets and the 269 

number of predators that emerge, future research is required that investigates the most 270 

influential variables and that can model these interactions in a way that allows their 271 

behaviour to be explained.  272 

In general, it has been shown that the extraction methods must be effective in 273 

recovering most of the population, be efficient in extracting all the species and states 274 

present and be capable of rapidly producing clean samples that allow arthropod 275 

identification (McSorley and Walter 1991). Another desirable feature is that they allow 276 

the indefinite storage of the samples prior to counting, as with this new proposed 277 

methodology. Considering all that is mentioned above, we believe that the hexane 278 

flotation extraction methodology proposed in this work offers an important advantage 279 

over dynamic and direct extraction methods, especially in the context of slow-release 280 

sachets used in biological control programmes. 281 
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 402 

Figure captions 403 

Fig. 1 Mean (+ SE; n = 4) number of motile immature and adult Amblyseius swirskii 404 

and Carpoglyphus lactis mites per sachet according to the extraction method (Berlese-405 

Tullgren or flotation in hexane). Asterisks denote significant differences between 406 

extraction methods (Wald's test: P < 0.05) 407 

 408 

Fig. 2 Mean (± SE; n = 4 for each sampling day) number of motile immature, adult and 409 

total (A) Amblyseius swirskii and (B) Carpoglyphus lactis mites present inside the slow-410 

release sachets under controlled environmental conditions as a function of time since 411 

start of the sampling. Note the differences in scale on the vertical axes 412 

 413 

Fig. 3 Mean (± SE; n = 4) number of motile immature, adult, and total (A) Amblyseius 414 

swirskii and (B) Carpoglyphus lactis mites exiting the slow-release sachets under 415 

controlled environmental conditions, accumulated at the time intervals indicated on the 416 

x-axis. Note the differences in scale on the vertical axes  417 

 418 
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Table 1 Statistical analysis of the motile immature and adult Amblyseius swirskii and 419 

Carpoglyphus lactis mites extracted by the Berlese-Tullgren method or by flotation  420 
Category Model fit (Omnibus test)  Pairwise comparison (Wald test) 

χ2 (likelihood ratio; df = 1) P Wald χ2 (df = 1) P 

A. swirskii motile immature  16.928 < 0.001  45.602 < 0.001 

A. swirskii adult 21.189 < 0.001  46.067 < 0.001 

C. lactis motile immature 11.269 < 0.001  19.024 < 0.001 

C. lactis adult 17.992 < 0.001  27.715 < 0.001 

Total 16.580 < 0.001  32.456 < 0.001 

 421 

 422 
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Table 2 Pearson’s correlation matrix for the mites present inside the sachets and those accounted for outside (Pearson’s coefficient/bilateral 423 

significance) 424 
 Inside  Outside 

A. swirskii (motile 

immature) 

A. swirskii (adult) C. lactis (motile 

immature) 

C. lactis (adult) 
 

A. swirskii (motile 

immature) 

A. swirskii (adult) C. lactis (motile 

immature) 

C. lactis 

(adult) 

Inside A. swirskii (motile immature) 1 
    

 
   

A. swirskii (adult) 0.060/0.802 1 
   

 
   

C. lactis (motile immature) 0.502/0.024* 0.345/0.136 1 
  

 
   

C. lactis (adult) -0.001/0.996 0.950/0.001** 0.382/0.097 1 
 

 
   

Outside A. swirskii (motile immature) 0.528/0.017* -0.303/0.194 0.038/0.874 -0.451/0.046* 
 

1 
   

A. swirskii (adult) -0.161/0.497 -0.532/0.016* -0.538/0.014* -0.630/0.003** 
 

0.598/0.005** 1 
  

C. lactis (motile immature) 0.446/0.049* 0.035/0.883 0.836/0.000** 0.013/0.958 
 

0.123/0.606 -0.406/0.076 1 
 

C. lactis (adult) 0.687/0.001** -0.078/0.743 0.502/0.024* -0.113/0.635 
 

0.381/0.098 -0.268/0.253 0.512/0.021* 1 

Asterisks denote the significance of the Pearson’s coefficients: * 0.01 < P < 0.05 and ** P < 0.01) 425 
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Fig. 1 426 

 427 
 428 
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Fig. 2 430 
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 432 
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Fig. 3 434 

 435 
 436 


