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Abstract
Many mite species disperse via the air. However, most methods described for the study 
of aerial dispersal have some limitations in the collection and/or recovery of mites that 
could be improved. The aim of this study was to describe a rotatory funnel-shaped collec-
tor that directs the wind to adhesive surfaces covered with a glycerin-based solution. Tests 
were conducted on a soccer field at UESC, Ilhéus, Brazil, in four 8-day periods. In total, 
330 mites of 52 species of Eriophyidae, Tarsonemidae, Diptilomiopidae, Iolinidae, Trioph-
tydeidae, Astigmata, Tydeidae, Phytoseiidae, Scutacaridae, Oribatida, Ascidae, Dolichocy-
bidae, Eupodidae, Pygmephoridae and Tenuipalpidae were collected. Of the mites captured 
in the first three periods, 67% were Aceria sp. (Eriophyidae), and in the fourth period 46% 
were Coccotydaeolus aff. bakeri and Paurotyndareus sp. (Iolinidae). Comparisons between 
the funnel-shaped collector with the tube-shaped rotatable model of Duffner et al. (J Pest 
Sci 74:1–6, 2001, adapted from Schliesske 1977) showed that the former captured >3×  
the number of mites and 2× the number of species. In conclusion, it is expected that the 
method described here could help in future pest management, and help solve ecological 
and behavioral problems involving airborne mite dispersal, offering a tool for monitoring, 
counting and identifying mites, or even other small arthropods, pollen and fungal spores, in 
experimental and applied studies.
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Introduction

Although dispersal in small wingless arthropods such as mites can occur by walking, 
phoresy, anthropogenic action or wind, aerial dispersal may have evolved as an advan-
tageous means for large-scale movement, allowing the colonization of distant hosts by 
different families of plant-inhabiting mites (Jeppson et al. 1975; Jung and Croft 2001; 
Osakabe et  al. 2008; Hoy 2011; Monteiro et  al. 2018). Several morphological and 
behavioral adaptations seem to facilitate transport of these organisms by wind (Mitchel 
1970; Bell et al. 2005; Clotuche et al. 2011; Melo et al. 2014; Kiedrowicz et al. 2017; 
Laska et al. 2019). Some eriophyoid mites attach their legs or caudal lobes to the plant 
surface, lifting the abdomen to be transported by air currents (Smith 1960; Nault and 
Styer 1969; Sabelis and Bruin 1996; Ozman and Goolsby 2005; Melo et al. 2014; Valen-
zano et al. 2019; Kuczyński et al. 2020). In addition, many spider mites (Tetranychidae) 
commonly move to the apex of the host plants in large populations, increasing exposi-
tion to the wind. Some species use webs for dispersal by ‘ballooning’, attaching web to 
host’s surface and allowing their ‘body’ to become airborne, or ‘silk balls’ composed of 
mites and their silk threads, facilitating group dispersal by wind (Bell et al. 2005; Reyn-
olds et al. 2007; Clotuche et al. 2011; Santos et al. 2020).

Besides various types of laboratory methods, as wind tunnels and microenvironment 
simulations (Gamliel-Atinsky et  al. 2009; Michalska et  al. 2010; Galvão et  al. 2012; 
Valenzano et al. 2019; Kuczyński et al. 2020; Majer et al. 2021), several trapping meth-
ods have been described to study airborne mites’ dispersal in the field, usually involving 
adhesive surfaces exposed to wind (Davis 1964; Barké et  al. 1972; Zhao and Amrine 
1997; Michalska et  al. 2010; Monfreda et  al. 2010; Galvão et  al. 2012). Some more 
sophisticated field methods optimize the capture using structures to collect the wind and 
direct it to those surfaces (Duffner et  al. 2001). The rotatable model of Duffner et  al. 
(2001, adapted from Schliesske 1977), for example, based on a movable PVC tube to 
direct dominant wind currents to glass slides covered with petroleum jelly (e.g., vase-
line), is among the more effective collectors described. Other models use plates, trays, 
panels and various types of adhesive surfaces covered with motor oil (Zhao and Amrine 
1997), mineral oil (Galvão et  al. 2012), silicone grease (Staples and Allington 1956; 
Nault and Styer 1969; Bergh and McCoy 1997; Bergh 2001) and tanglefoot with petro-
leum ether solutions (Davis 1964; Barké et al. 1972), consuming a long time to screen 
grease-coated surfaces and to process the often deformed or obscured mites embedded 
on them, making it difficult to clean specimens before mounting (Nault and Styer 1969; 
Monfreda et al. 2010). Although water traps allow the mounting without cleaning, the 
large solution volumes needed for capture generally must be vacuum-filtered using filter 
papers, what is time consuming and facilitates loss of specimens (Zhao and Amrine 
1997; Tixier et al. 1998; Galvão et al. 2012).

This study describes a method for capturing airborne mites, based on a rotatory 
funnel-shaped collector to direct the wind to adhesive surfaces covered with glyc-
erin. The rotatory tube-shaped collector adopted by Duffner et al. (2001) was used for 
comparison.
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Materials and methods

The method consists of a rotatory funnel-shaped collector to concentrate air currents 
with mites over capture units covered with an adhesive solution of glycerin (Figs.  1, 
2). The gyratory capacity was provided by a tripod formed by two wheels and a verti-
cal rotatory axis supported by a sturdy base, to allow both wind-driven movement and 
horizontal funnel stability. The equipment was installed on a soccer field (Fig. 3) at the 
campus of the Universidade Estadual de Santa Cruz (UESC), located in the Salobrinho 
district, Ilhéus, BA, Brazil (14°45′35″ S, 39°13′49″ W).

Equipment description

The funnel-shaped collector (Figs. 1A, D, 2B, C) consisted of an 8-mm-thick funnel floor 
made with a PVC plate of 25 × 50 × 78 cm (Fig. 1B) covered by four 0.5-mm-thick alu-
minum sheets. Sheets were coupled to each other and to the funnel floor with contact adhe-
sive, silver tape and epoxy putty to form a 1.5-m-long funnel, with anterior and posterior 
aperture widths of 60 and 15 cm, respectively. A PVC square pipe middle bar and three 
perpendicular wood cross bars were attached under the funnel floor with polyester putty 
and connected anteriorly in a 90° angle to a perpendicular threaded steel rod (1 cm diam-
eter, 60  cm long) by a shelving bracket, forming the vertical rotatory axis (Fig.  1A, B). 

Fig. 1   The funnel-shaped collector. a Lateral view. b Anterior view, with the funnel cover removed. c Supe-
rior view of the collector tray with capture units attached. d Anterior view of the equipment installed. b 
bucket, c concrete, cb cross bar, ct collector tray, cw counterweight, fc funnel cover, ff funnel floor, ir infe-
rior rudder, mb middle bar, n nuts, ra rotatory axis, rt receptor tube, sb shelving bracket, sr superior rudder, 
st support tube, w wheel and wa steel washer
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Fig. 2   Capture units and equipment installation. a Components of a capture unit. b Collector tray, with cap-
ture units attached, inserted above the funnel floor. c Isolated funnel-shaped collector installed. d Panoramic 
view of the equipment on the soccer field at UESC. e Funnel- and tube-shaped collectors installed simulta-
neously

Fig. 3   Satellite view of the Salobrinho district region, Ilhéus, BA, Brazil. The white arrow (pointing 
towards the west) indicates the soccer field at the campus of the Universidade Estadual de Santa Cruz 
(UESC), where equipment was installed. Source Google Earth, accessed on 22 June 2021
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The rotatory axis was intended to be fitted with grease, at the time of installation, inside of 
a galvanized steel receptor tube (15 mm inner diameter, 37 cm long) inserted into a PVC 
support tube (10  cm inner diameter, 35  cm long) stuck with concrete in the center of a 
58-cm-diameter and 60-cm-high plastic bucket (Fig. 1A, B).

To guide the aperture of the collector funnel towards the wind, two 8-mm-thick PVC 
rudders, a superior and an inferior, were attached to it with polyester putty (Figs. 1A, 2C). 
Two 3-cm-diameter wheels were attached under the funnel floor sides, with the function of 
rolling over the border of the bucket in response to wind orientation changes, supporting 
the floor horizontally together with the rotatory axis. Finally, a counterweight made with a 
1-cm-diameter and 1-m-long cylindrical steel bar supporting a 1-kg weight attached to the 
end was prepared to be fitted inside the middle bar to provide the funnel floor leveling at 
the installation time.

Capture units (113×) were made of glass microscopy slides with a 3-mm-thick barrier 
made of a cylindrical rigid wire to the borders of each slide (Fig. 2A). A contact adhesive 
was used to attach the wire to the glass, and a piece of epoxy putty to connect the wire tips. 
The internal interface between the wire and the glass was sealed with a lead tetroxide solu-
tion. The capture units were attached in 9 transversal rows with double-sided tape over an 
8-mm-thick PVC collector tray to be fitted on the funnel floor (Figs. 1C, 2B).

Tube‑shaped collector

The rotatable tube-shaped collector was based on that described by Duffner et al. (2001, 
adapted from Schliesske 1977), consisting on a chamber of a PVC tube (2 m long, 20 cm 
inner diameter) to concentrate air currents with mites over capture units covered with an 
adhesive solution of petroleum jelly (replaced by a glycerin based solution in the present 
study). To guide the anterior aperture of the collector towards the wind, a rudder was 
attached to the top of the posterior aperture of the tube. The gyratory capacity was pro-
vided by a tripod formed by two wheels and a vertical rotatory axis supported by a sturdy 
base, similar to those described for the funnel-shaped collector, to allow both wind-driven 
movement and horizontal tube stability. At the installation time, both ends of the tube were 
enclosed by a polystyrene ring with an aperture of 10 cm, in order to reduce the diameter 
of the tube openings to concentrate the wind over the capture units horizontally positioned 
on a tray in the floor of the tube.

Field installation

Equipment was installed on a soccer field in the UESC at 50 m from the closest fruit and 
ornamental trees and shrubs planted on the campus (Figs. 2, 3). Each installation period 
lasted 8  days, with the installation of one funnel-shaped collector in each of the three 
installation periods in 2020 (from 28 August to 4 September, 21–28 September and from 
30 September to 7 October) and of four collectors (two funnels and two tube-shaped col-
lectors simultaneously) in a fourth period in 2021 (4–11 March).

The same system, based on a vertical rotatory axis supported by a bucket, was used to 
sustain both the funnel- and tube-shaped collectors, leveled to the ground with the help of 
a manual level and by adjusting the counterweight. Precise positioning of the wheels on 
the border of each bucket was obtained by adjusting the height of the collectors, through 
the locking of two steel nuts docked around the threaded rod of the rotatory axis. Finally, 
the collector trays with the capture units were positioned in the funnel- and tube-shaped 
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collectors, after adding to each unit 1 mL of an adhesive solution composed by a 10:2:1 
mixture of glycerin, detergent and water, respectively. Equipment was always installed and 
removed between 09:00 and 10:00 AM.

Data analysis

The complete area of each capture unit was analyzed under a Leica EZ4 stereomicroscope, 
with the use of a square (0.5 × 0.5  mm) black opaque plastic basis for orientation and 
contrast under horizontal illumination. Mites present were removed with a needle, slide 
mounted in Hoyer’s, kept at 56 °C for 10 days in an oven, and sealed with Glyptal (Krantz 
and Walter 2009). Mites were determined as species/morphospecies under a phase contrast 
microscope and counted.

The totals of mite individuals collected in each of the first three installation periods 
were used for comparison of the funnel-shaped collectors capture efficiency between the 
periods, considering the possible influence of variable wind speed (km/h), temperature 
(°C) and rainfall (mm). The totals of mite individuals collected in the various equipment 
types in the fourth installation period were used for comparison of effectiveness of cap-
ture between the funnel- and tube-shaped collectors. Climatic data were obtained from the 
Comissão Executiva do Plano da Lavoura Cacaueira (CEPEC/CEPLAC), Ilhéus, BA, Bra-
zil, and from https://​www.​clima​tempo.​com.​br.

Results

In total, 330 mites of 52 species were captured: Eriophyidae (12 spp.), Tarsonemidae (12), 
Diptilomiopidae (5), Iolinidae (5), Triophtydeidae (1), Astigmata (3), Tydeidae (3), Phy-
toseiidae (2), Scutacaridae (2), Oribatida (2), Ascidae (1), Dolichocybidae (1), Eupodidae 
(1), Pygmephoridae (1) and Tenuipalpidae (1) (Tables 1, 2). The number of species col-
lected increased from the first (3 spp.) to the second (7), third (15) and fourth (40) instal-
lation periods, with Aceria sp. (Eriophyidae) being the most abundant species in the first 
three periods and Coccotydaeolus aff. bakeri and Paurotyndareus sp. (Iolinidae) in the 
fourth. Those species, together with Benoinyssus sp. (Eupodidae), Tarsonemus bilobatus 
(Tarsonemidae), and Abacarus sp. (Eriophyidae), represented 77% of all mites captured.

The mite totals obtained in the funnel-shaped collectors in the first, second and third 
installation periods were of 31, 36 and 82 specimens, respectively. The average tempera-
ture presented similar values, oscillating from 21.5 to 24.8 °C, and wind speed ranged from 
0.4 to 1.3 m/s (Fig. 4). Only the accumulated rainfall (1.6 mm3), the number of days with 
rain (3 days) and the maximum rainfall per day (0.6 mm3) were much lower in the third 
period than in the first and second periods, both presenting at least 1 day of rainfall higher 
than 5.6 mm3. On the other hand, the funnel-shaped collectors 1 and 2 captured, respec-
tively, 58 and 80 mites in the fourth period, in which both the average temperature and 
wind speed were higher than in the first three periods, oscillating from 25.9 to 27.8 °C and 
from 2.4 to 4.1 m/s.

In total 181 mites of 40 species were captured in the two funnel and two tube-shaped 
collectors in the fourth period (Table 2). The numbers of mites (138) and species (35) cap-
tured in the two funnel-shaped collectors were higher than in the two tube-shaped collectors 
(43 mites, 15 species). Twenty-five species were found exclusively in the funnel-shaped 

https://www.climatempo.com.br
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collectors, whereas only five spp. were exclusive for the tube-shaped collectors and 10 spp. 
were found in both.

Considering each equipment separately, the funnel-shaped collectors 1 and 2 captured, 
respectively, 58 and 80 individuals, whereas the tube-shaped collectors 1 and 2 captured, 
respectively, only 26 and 17 specimens. The numbers of species collected in each indi-
vidual equipment were also higher in the funnel-shaped collectors 1 and 2, with 27 and 17 
species, respectively, against only 10 and 8 species captured in the tube-shaped collectors 
1 and 2.

Discussion

Mites captured from the wind represented a large number of families and species diversity, 
proving that the equipment worked not only for capturing plant-inhabiting mites, but also 
other mite groups. Unlike most studies on the dispersal of plant-inhabiting mites (Davis 
1964; Barké et al. 1972; Bergh and McCoy 1997; Bergh 2001; Duffner et al. 2001; Galvão 
et al. 2012), the equipment here described was not installed inside areas of monocultures 
infested by pest mites, where their densities in the wind are expected to be higher, indi-
cating its efficiency in the capture of airborne mites in a distance of at least 50 m from 
the closest fruit and ornamental trees and shrubs. Moreover, since the composition and 
dominance of species captured in different periods probably reflect temporary abundances 

Table 1   Number of airborne mite individuals captured in each of the funnel-shaped collectors on the first 
(28 Aug–4 Sep), second (21–28 Sep) and third (30 Sep–7 Oct) installation periods in 2020, at the campus 
of UESC, Ilhéus, BA, Brazil

Taxons Period

1 2 3

Oribatida Oribatida sp.1 – – 1
Prostigmata Diptilomiopidae Diptacus sp. – 2 3

Phyllocoptinae sp. – – 1
Eriophyidae Abacarus sp. 3 8 8

Aceria sp. 27 21 52
Anthocoptini sp. – 1 –
Eriophyidae sp.1 – – 1
Gymnaceria cupuassu Oliveira et al – – 1
Tetraspinus sp. – – 1

Eupodidae Benoinyssus sp. – 1 6
Tarsonemidae Daidalotarsonemus sp. 1 – –

Tarsonemus sp.1 – 2 2
Tarsonemus sp.2 – – 1
Tarsonemus bilobatus Suski – – 1
Xenotarsonemus sp. – – 1

Triophytydeidae Triophtydeus sp. – – 2
Tydeidae Metapronematus sp. – – 1

Tydeinae sp. – 1 –
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Table 2   Number of airborne mite individuals captured in each of the funnel- and tube-shaped collectors on 
the fourth installation period (4–11 Mar 2020) at the campus of UESC, Ilhéus, BA, Brazil

Taxons Funnel Tube

1 2 1 2

Astigmata Astigmata sp. 1 – – –
‘Hypopus’ sp. 1 – – –

Acaridae Caloglyphus sp. – – – 1
Mesostigmata Ascidae Ascidae sp. 1 – – –

Phytoseiidae Amblyseius aerialis Muma 1 – – –
Typhlodromips sp. – 1 – –

Oribatida Oribatida sp.2 2 – 1 –
Prostigmata Diptilomiopidae Diptilomiopidae sp.1 1 – – –

Diptilomiopidae sp.2 – 1 – –
Rhyncaphytoptinae sp. 1 2 – –

Dolichocybidae Dolichocybe sp. 2 – – –
Eriophyidae Aceria sp. 2 – – 4

Abacarus sp. – – – 1
Aculus sp.1 2 – – –
Aculus sp.2 1 – – –
Eriophyidae sp.2 1 1 – –
Eriophyidae sp.3 – – 1 –
Eriophyidae sp.4 – – 1 –
Eriophyinae sp. 1 1 – –

Eupodidae Benoinyssus sp. 4 8 4 –
Iolinidae Coccotydaeolus aff. bakeri 4 25 9 6

Iolinidae sp. 1 – 1 1
Paurotyndareus sp. 9 22 6 2
Pseudopronematulus aff. nadirae 1 1 – –
Pseudopronematulus sp. – 1 1 –

Pygmephoridae Pediculaster sp. 3 – – –
Scutacaridae Scutacaridae sp.1 – 1 – –

Scutacaridae sp.2 – 1 1 –
Tarsonemidae Daidalotarsonemus annonae Sousa – – – 1

Daidalotarsonemus oliveirai Rezende et al 1 – – –
Steneotarsonemus (Neosteneotarsonemus) sp. 3 – – –
Tarsonemus bilobatus Suski 10 9 1 –
Tarsonemus sp.1 1 – – –
Tarsonemus sp.3 1 – – –
Tarsonemus sp.4 – 2 – –
Tarsonemus sp.5 – 1 – –
Tarsonemus sp.6 – 1 – –

Tenuipalpidae Brevipalpus sp. 1 – – –
Triophtydeidae Triophtydeus sp. 1 2 – 1
Tydeidae Nudilorrya sp. 1 – – –
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in their populations, the efficiency of the method capturing this variation may be useful in 
basic and applied studies involving temporal fluctuations in mite dispersal.

Regardless of the methods used for capture, plant-inhabiting mites have been widely 
represented among the groups that are aerially dispersed (Staples and Allington 1956; 
Davis 1964; Nault and Styer 1969; Barké et al. 1972; Bergh and McCoy 1997; Bergh 2001; 
Duffner et al. 2001). This was confirmed in the present work only in the first three installa-
tion periods, in which 94% of the mites collected were representative of Diptilomiopidae, 
Eriophyidae, Tarsonemidae and Tydeidae, with Aceria sp. and Abacarus sp. among the 
most abundant species. On the other hand, the collection of 70% of non-exclusively plant-
inhabiting mites in the fourth period, represented by Iolinidae, Triophtydeidae, Eupodidae, 
Pygmephoridae, Dolichocybidae, Scutacaridae, Astigmata and Oribatida, with Coccoty-
daeolus aff. bakeri and Paurotyndareus sp. among the most abundant species, may have 
been the result of the low rainfall and higher temperature in that period. As most of those 
mite families are reported from soil, litter, moss, dry grass, fungi, tree branches, bird nests, 
insects and other substrates (Wood 1965; Kazmierski 1980; Walter et  al. 2009; Theron 
et al. 2012), it is likely that a possible increase in the suspended sediments under those con-
ditions may have facilitated their dispersal by the wind. In addition, it is known that high 
rainfall rates are generally unfavorable to mite population increase, whereas dry periods 
and low precipitation levels are favorable (Hoy 2011), and perhaps those propitious condi-
tions could explain the higher numbers of mites captured in the third and fourth periods.

The combined use of adhesive surfaces based on a glycerin solution with a rotatory 
collector to concentrate the prevailing wind probably implied a great advantage of the pro-
posed method. Most methods for trapping airborne plant-inhabiting mites use oils, glues 
and petroleum products as adhesives (Davis 1964; Barké et  al. 1972; Zhao and Amrine 
1997; Bergh and McCoy 1997; Bergh 2001; Duffner et al. 2001; Galvão et al. 2012), con-
suming time to process and often deforming or obscuring the mites (Nault and Styer 1969; 
Monfreda et al. 2010). Others use water with detergents (Zhao and Amrine 1997; Tixier 
et al. 1998; Monfreda et al. 2010; Galvão et al. 2012), requiring filtration and increasing the 
chances of specimen loss. Among the studies mentioned above, only Duffner et al. (2001) 

Fig. 4   Rainfall, average wind speed and temperature on the first (28 Aug–4 Sep), second (21–28 Sep) and 
third (30 Sep–7 Oct) installation periods in 2020, and on the fourth installation period (4–11 Mar 2021), 
at Ilhéus, BA, Brazil. Source Comissão Executiva do Plano da Lavoura Cacaueira (CEPEC/CEPLAC) and 
https://​www.​clima​tempo.​com.​br

https://www.climatempo.com.br
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used a rotatable equipment to direct the dominant wind currents to microscope slides pro-
vided with an adhesive surface (vaseline in their case, instead of the glycerin-based solu-
tion adopted in the present study). The direct comparisons conducted in the present work 
between the funnel-shaped collector with the tube-shaped collector of Duffner et al. (2001) 
showed that the former collected more than 3× the number of mites and 2× the number 
of species captured in the tube-shaped collector. Such improved efficiency confirmed the 
expectation that the funnel-shaped collector may concentrate more air currents than the 
tube-shaped collector, increasing the chances of capturing a greater abundance and diver-
sity of mites.

Based on the efficiency of the method described here, it is expected that the combined 
use of the funnel-shaped collector with a glycerin-based adhesive surface could help solve 
future pest management, control, and ecological and behavioral problems involving air-
borne dispersal of mites, offering qualitative and quantitative information on the popula-
tion dynamics of mites in future experimental and/or applied studies. Its probable applica-
tion in the study of the dispersal of insects, other small wingless arthropods, or even of 
pollen and fungal spores, could also be tested.
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