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RESUMO 

Estudos taxonômicos de ácaros Macrochelidae (Acari: Mesostigmata) e o potencial de 

uso destes para o controle de Stomoxys calcitrans e Musca domestica (Diptera: Muscidae) 

Macrochelidae Vitzthum é um dos mais abundantes e diversos grupos de 
ácaros predadores que encontrados em excrementos ou em carcaças de animais 
em decomposição. Algumas espécies dessa família tem mostrado potencial como 
agentes de controle biológico. Stomoxys calcitrans L. tem sido um problema sério 
enfrentado por pecuaristas em alguns estados brasileiros e tem causado perdas 
significativas no setor pecuarista. Já Musca domestica L. pode ser vetora de várias 
patógenos de seres humanos e de animais. Os objetivos do estudo relatado neste 
documento foram a elaboração de um catálogo taxonômico de espécies de 
Macrochelidae do mundo, determinar as espécies de macroquelídeos encontradas 
em microhabitats em que a mosca-dos-estábulos é geralmente encontrada nas 
fazendas do Estado de São Paulo, e avaliar o efeito de diferentes espécies de 
macroquelídeos como possíveis agentes de controle de moscas nocivas. Um total 
de 520 espécies de 23 gêneros são relatadas no catálogo. No total, 1359 espécimes 
foram coletados de esterco de gado e serapilheira em diferentes regiões do Estado 
de São Paulo. Estes representaram dez espécies de três gêneros e uma nova 
espécie, que foi descrita. Nos testes em laboratório, Macrocheles n. sp. apresentou 
maiores taxas de predação e oviposição alimentando-se de larvas de S. calcitrans 
(23,8 larvas predadas e oviposição de cerca de 4 ovos por dia, respectivamente). 
Para Macrocheles n. sp., o desenvolvimento da fase imatura (ovo-adulto) foi 
concluído em 1,3 ± 0,01, 1,3 ± 0,01 e 1,5 ± 0,03 dias alimentando-se de ovos de S. 
calcitrans, M. domestica e de Protorhabditis sp., respectivamente. A fecundidade 
foi maior quando alimentado com Protorhabditis sp. (77,2 ± 5,1 ovos / fêmea) do 
que com S. calcitrans (58,0 ± 5,9) e M. domestica (55,0 ± 5,3). Os resultados 
deste estudo sugerem que Macrocheles n. sp. é um promissor agente de controle 
biológico de S. calcitrans e M. domestica e que poderia ser criado de forma 
massal com o uso de Protorhabditis sp. ou ovos de M. domestica. 

Palavras-chave: Controle biológico; Catálogo; Ácaros predadores; Mosca-dos-
estábulos 
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ABSTRACT 

Taxonomic studies of Macrochelidae mites (Acari: Mesostigmata) and their potential 

use to control Stomoxys calcitrans and Musca domestica (Diptera: Muscidae) 

The family Macrochelidae Vitzthum is one of the most abundant and 
diverse groups of predatory mites living in excrements or decomposing animals. 
Some species of this family have shown good potential as biological control 
agents. Stomoxys calcitrans L. is a serious problem that has been faced by cattle 
raisers in some Brazilian states, causing significant losses. Musca domestica L. 
may vector several pathogens that affect humans and animals. The aims of the 
study reported in this document were the preparation of a taxonomic catalog of 
the world macrochelid species, to determine the macrochelid species in 
microhabitats where the stable fly is usually found in commercial cow raising 
farms in São Paulo State, and to evaluate of the effect of different macrochelid 
species as control agents of harmful muscid flies. A total of 520 species of 23 
genera are reported in the catalog. In total, 1359 specimens were collected from 
cow manure and litter in different regions of São Paulo State. These represented 
ten species of three genera and one new species, which was described. In 
laboratory tests, Macrocheles n. sp. presented higher predation and oviposition 
rates on larvae of S. calcitrans (23.8 larvae consumed and laid about 4 eggs per 
day, respectively). For Macrocheles n. sp., total immature development (egg-
adult) was completed in 1.3 ± 0.01, 1.3 ± 0.01 and 1.5 ± 0.03 days on eggs of S. 
calcitrans and M. domestica and on Protorhabditis sp., respectively. Fecundity 
was higher on Protorhabditis sp. (77.2 ± 5.1 eggs/female) than on S. calcitrans 
(58.0 ± 5.9) and M. domestica (55.0 ± 5.3). Results of this study suggest that 
Macrocheles n. sp. is a promising biological control agent of S. calcitrans and M. 
domestica, and that it could be mass reared with the use of Protorhabditis sp. or 
eggs of M. domestica. 

Keywords: Biological control; Catalog; Predatory mite; Stable fly 
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1. INTRODUCTION 
 

Macrochelid mites (Mesostigmata: Macrochelidae) as biological control agents 

(With permission of Springer International Publishing) 

Biological control of plant pests using predatory mites has been extensively practiced 

in many countries, especially in protected crops. The predators most often used for that 

purpose belong to the Phytoseiidae (Gerson et al. 2003; Beaulieu and Weeks 2007), especially 

because these are usually by far the most common plant inhabiting group of predatory mites.  

The family Macrochelidae Vitzthum (Figure 1), of the order Mesostigmata, is one of 

the most abundant and diverse groups of predatory mites living in excrements or 

decomposing animals (Vitzthum 1930; Koehler 1999; Behan-Pelletier 2003; Gerson et al. 

2003; Braig and Perotti 2009; Lindquist et al. 2009; Perotti and Braig 2009). Filipponi (1964) 

divided the macrochelids into three main groups, fimicolous, humicolous and insecticolous, 

referring to their association with excrements, humus or insects (mainly as carriers of these 

mites). They have also been found in nests or galleries of mammals, birds and social insects, 

as summarized by Lindquist et al. (2009), where they find an ample assortment of food 

sources, represented by different organisms found in those microhabitats (Krantz and 

Whitaker 1988).  

Macrochelids have a potential as biological control agents of organisms with which 

they have been found in association, including different species of flies, and other groups of 

organisms.  

 

Figure 1. Adult female of Glyptholaspis sp. (Macrochelidae) preying larvae of Musca domestica 
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1.1. Morphological characterization 

 

In addition to the original descriptions, morphological characterizations of 

Macrochelidae were provided by several authors, including Evans (1956), Evans and Browning 

(1956), Krantz (1962), Krauss (1970), Bregetova (1977), Hyatt and Emberson (1988), Mašán 

(2003) and Lindquist et al. (2009). 

Within the Mesostigmata, diagnostic characteristics of females of this family are as 

follows: most frequently well sclerotized, with undivided dorsal shield bearing at least 28 pairs 

of setae (sometimes with additional unpaired, or asymmetrically inserted setae); sternal shield 

with three pairs of setae; genital shield with one pair of setae and with a pair of conspicuous 

accessory sclerites beneath lateral margins; ventrianal shield with 1 – 5 pairs of setae in addition 

to circumanal setae (except in Neopodocinum Oudemans and Reductholaspis Emberson, with a 

small anal shield only); peritreme generally looped around the stigma (except in some species of 

Neopodocinum). Arthrodial membrane at base of movable cheliceral digit with an elongate 

fimbriate or brush-like process; palp apotele 3-tined; tarsus I usually without pretarsus (except in 

some species of Neopodocinum); paired paradactyli of pretarsi II-IV usually broad, extending to 

apex of claws and distally divided or serrated (not always distinct because of position in mounted 

specimens). Males with a holoventral shield or separate sternigenital and ventrianal shields. 

 

1.2. Trends in understanding the morphology, taxonomy, and biology of 

macrochelids 

 

Knowledge about the morphology and taxonomy of macrochelids has increased 

greatly in the last 60 years. Most important contributions include the detailed study of 

Glyptholaspis confusa (Foà) by Van der Hammen (1964), body chaetotaxy (Lindquist and 

Evans 1965; Halliday 1986, 1987), leg chaetotaxy (Evans 1963; Evans and Hyatt 1963), 

cribrum (Krantz and Redmond 1989), dorsal porotaxy (Van der Hammen 1964; Krantz and 

Redmond 1987; Moraza 2004), comparative studies of the female reproductive tract (Petrova 

1960; Costa 1966, 1967; Athias-Henriot 1968), etc.  

Filipponi (1959) was the first author to study the effect of environmental conditions 

on the morphology of macrochelids. A few years later, he (Filipponi 1964) proposed the use 

of experimental studies to separate closely related macrochelid species, including biological 

information and phenotypic and genotypic variation resulting from the variation of 
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environmental factors. This initiative, and the detailed conduct of these studies, represent an 

important contribution to the taxonomy of mites in general, not only of macrochelids. 

A comprehensive work to pull together information and references on the taxonomy 

of the macrochelids, in the form of a catalog, was initiated by R. M. Emberson in the early 

2000´s. Other collaborators have joined with him since then, but the work is still on going. 

Until now, almost 250 papers related to the taxonomy of this group have been detected. This 

work already allows some interpretation of the trends in the taxonomic knowledge of the 

family.  

It seems that the first paper dealing with the taxonomy of this group was published 

almost 250 years ago (Figure 2), by Scopoli (1772) in describing Acarus muscaedomesticae. 

For about 100 years after that description, the number of publications on macrochelid 

taxonomy remained very low. Between 1880 and 2000, the number of new publications 

increased, with outlyingly higher numbers between 1901 and 1920, and between 1961 and 

1970, probably reflecting contributions of A. Berlese in Italy and G.W. Krantz in the USA, 

respectively. However, a reduction in the number of published papers has been noticed since 

2003.  

 

 

Figure 2. Number of publications on taxonomy and biology/ ecology of macrochelids per decade. 

 

Quite a different progression was observed in relation to knowledge about the 

biology and ecology of the macrochelids (Figure 2). The first study was published about 135 

years ago, and apparently very little was published in the subsequent 70 years (until the early 

1950´s). The first publication concerning the predatory behavior of these mites was published 

only about 70 year ago (Pereira and Castro 1945). Soon after that, the number of publications 
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increased considerably up to the mid 1970´s, mainly due to the efforts by A. Filliponi and 

R.C. Axtel. The number of publications then reduced considerably. We have been unable to 

determine the cause of this lack of interest in the study of the macrochelids in the last decades, 

but it could be related to the fact that not enough effort has been dedicated to the promotion of 

the practical use of these mites and to the general lack of funding sources for basic science.  

 

1.3. Diversity of the Macrochelidae 

 

The current concept of this family is largely based on the work of Evans (1956), who 

divided Vitzthum’s (1930) concept of the family into the subfamilies Macrochelinae and 

Parholaspinae, and Krantz (1960), who raised those subfamilies to the family level. The 

Macrochelidae is in need of a thorough revision because of insufficient detail provided in 

many of the original species descriptions. This situation has led to the creation of many 

synonyms, a number of homonyms and problems in ascertaining the correct name and 

authority for many species. 

The first revision of the family at the generic level was conducted by Krantz (1962), 

who considered it to include ten genera. He mentioned that Macrocheles Latreille was by far 

the largest genus, with more than 100 species. He also provided keys to the species of 

Geholaspis Berlese, Grafia Krantz and Lordocheles Krantz, and listed relevant publications 

which included taxonomic keys: Valle (1953) for Geholaspis species; Balogh (1958) for 

European species of Longicheles; Evans and Browning (1956) for British macrochelids; and 

Bregetova and Koroleva (1960) for Russian macrochelids. Other important regional 

taxonomic papers providing keys to genera and species are those of Krauss (1970) and Karg 

(1993) for Europe; Bregetova (1977) for the former Soviet Union; Krantz and Ainscough 

(1990) for North America; Halliday (2000) for Australia; and Mašán (2003) for Slovakia. 

More recently, Emberson (2010) provided a reappraisal of some basal macrochelid groups, 

providing a key to the genera and subgenera of Geholaspini, a newly proposed tribe.  

According to data gathered by one of the authors of this chapter (R. M. Emberson, 

unpublished), about 550 named mite species have been assigned to Macrochelidae, only about 

470 of which seem to be valid; these are currently arranged in 23 genera. He observed that the 

largest diversity is found in Macrocheles, followed by Holocelaeno Berlese, Holostaspella 

Berlese, Neopodocinum, Nothrolaspis Berlese, Macrholaspis Oudemans and Glyptholaspis 

Filipponi & Pagazzano (about 320, 41, 37, 33, 20, 18 and 15 species, respectively). Ten other 
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genera are monospecific, and the remaining genera contain between two and eleven species 

each. 

 

 

Figure 3. Number of macrochelid species described per decade. 

 

The first macrochelid species to be described (Scopoli 1772) was named Acarus 

muscaedomesticae Scopoli. The second species was described only almost fifty years later. 

The number of species described along the years (Figure 3) has the same pattern of variation 

reported for the number of taxonomic papers published. 

 

1.4. Associations with other organisms 

 

The association of mesostigmatid mites with other arthropods seems to have evolved 

several times, with the development of a wide range of attachment mechanisms that facilitate 

mite phoretic dispersal, as summarized by Hunter and Rosario (1988). According to those 

authors, the complexity of these associations, particularly with insects, indicates a long 

history of evolution. Phoresy is usually necessary for mite species specialized in living in 

patchy habitats, which become periodically inadequate for their survival, as in the case of 

animal excreta or decomposing animal cadavers.  

Much has been published about the phoretic behavior of macrochelids because of 

their common occurrence in patchy habitats. A comprehensive discussion of phoresy in 

macrochelids was published by Krantz (1998). This process may be facultative or obligatory, 

but in some cases phoretic specificity in macrochelids has evolved to a degree as intimate as 

in true parasitism (Krantz 1967). A close association between three macrochelid species, 
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Aethosoma burchellestes Krantz, Macrocheles rettenmeyeri Krantz and Macrocheles dibamos 

Krantz, and species of army ants (Eciton spp.) was reported by Rettenmeyer (1962). He 

presumed all three speceis to be ectoparasites, as opposed to other macrochelid species also 

associated with ants acting as coprophages or scavengers in ant colonies, or by using ants to 

disperse (phoresy). 

Mated macrochelid females are the usual dispersants, attaching to insects when the 

habitat becomes unfavorable and detaching when the insects visit suitable new mite habitat, to 

feed or oviposit (Farish and Axtell 1971). Based on the literature taken into account in the 

preparation of this chapter, most of the reports refer to Macrocheles species, but all species of 

Holocelaeno and Neopodocinum, and many species of Holostaspella, together with species of 

some of the smaller macrochelid genera, are also known to be phoretic. As carriers, most 

reports refer to Coleoptera species, mainly those whose larvae feed on dung (the dung beetles, 

or Scarabaeinae, as well as Aphodiinae, the small dung beetles), but also to Diptera. Krantz 

(1983a) reported that about 280 macrochelid species have been found in association with 

dung beetles. Most reports do not specify the family of the dipteran carrier, but most of those 

that do, refer to Muscidae, especially Musca domestica L.  

There are also reports of the association of these mites with small mammals 

(Womersley 1955; Krantz 1983b; Whitaker and Spicka 1976; Whitaker 1977; Adis and 

Krantz 1985; Krantz and Whitaker 1988; Estebanes-Gonzales and Cervantes 2009). Krantz 

and Whitaker (1988) summarized reports of Macrocheles species associated with small 

mammals in North America and added new records of this type of association. Altogether, 32 

Macrocheles species were reported in association with 53 mammal species. It is thought that 

the mites attach to the host mammals when the latter visit the substrate where the mites live, 

in search of food. A curious example of this type of association is of Macrocheles lukoschusi 

Krantz, known to live in the rectum of the sloth Bradypus tridactylus L., apparently feeding 

on nematodes (Krantz 1983b; Adis and Krantz 1985).  

Facultative parasitism has been reported by Macrocheles muscaedomesticae on adult 

houseflies (Musca domestica L.) and by Macrocheles subbadius (Berlese) on adult 

Drosophila nigrospiracula Patterson and Wheeler, by Jalil and Rodriguez (1970) and Polak 

(1996), respectively. 

Phoresy in Glyptholaspis Filipponi and Pegazzano is less common, usually involving 

a beetle as carrier (Krantz 1983a). It has been reported for G. americana and G. confusa on 

stable fly (Stomoxys calcitrans L.) (Axtell 1961), some species of Scarabaeidae (Halliday 

1986; Glida et al. 2003) and the housefly (Axtell 1964; Niogret et al. 2006). 
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According to Krantz (1998), a phylogenetic analysis of selected phoretic and non-

phoretic macrochelid taxa has shown a strong correlation between phoresy and evolutionary 

position, indicating that an increasing commitment to phoresy is correlated with an advance 

from early derivative to more evolved taxa. 

Some studies support the hypothesis that the phoretic behavior in Macrocheles is 

closely related with the stage of decomposition, temperature and relative humidity (Singh et 

al. 1967; Jalil and Rodriguez 1970; Farish and Axtell 1971; Stafford and Bay 1987; Ho 1990; 

Rodrigueiro and Prado 2004). According to Farish and Axtell (1971), the decomposition stage 

of the substrate interfers with moisture content. With humidity loss at increasing 

temperatures, the substrate becomes progressively less suitable for mite development, leading 

to dispersal by phoresy. Mite tolerance to temperature and relative humidity may have an 

indirect effect on the phoretic rate. Singh et al. (1967) reported M. muscaedomesticae to be 

more sensitive to fluctuation of temperature than of relative humidity. As ambient temperature 

rises above their preferred range, mites leave for more favourable niches (Ho 1990). 

As discussed by Hunter and Rosario (1988) for mites in general, Krantz (1998) 

considered that phoresy, as a survival mechanism, offered many macrochelids ample reason 

for development of special structures to assure their successful transfer to new habitats. 

According to that author, most phoretic Macrocheles, and species of other phoretic 

macrochelid genera (for example Holocelaeno, Holostaspella and Neopodocinum), have a 

special mechanism to grasp an individual seta of their beetle or fly carrier. This mechanism 

involves the use of a set of two closely associated teeth [referred to by Krantz (1998) as the 

subterminal bidentate tooth] located near the middle of the inner edge of the movable 

cheliceral digit and an opposing ribbed section of the the inner edge of the fixed digit. A 

different specialized structure is found in M. rettenmeyeri, which has a close association with 

the army ant Eciton dulcis crassinode Borgmeier (Rettemnmeyer 1962). Legs IV of this mite 

are greatly enlarged, serving as functional claws for the ant worker, by the attachment of the 

mite to the pulvillus of the ant hind leg. 

 

1.5. Predation potential and life cycle 

 

Experimental data on predation potential and life cycle have only been published for 

species of two macrochelid genera. By far, most detailed information is available for 

Macrocheles species, with a few studies conducted on Glyptholaspis species. 
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Several macrochelid species have been reported as predators of eggs and first instar 

larvae of the housefly, as first noted by Pereira and Castro (1945). However, they are also 

known to feed on other fly species, nematodes, collembola and other small arthropods, as 

subsequently described. 

An important aspect interfering with the predation ability of macrochelids refers to 

the location of their prey in the substrate. Perotti (2001) evaluated the effect of prey (housefly 

eggs) location on the predatory ability of M. muscaedomesticae and G. confusa. This author 

showed that M. muscaedomesticae was an effective predator and located both hidden and 

exposed eggs of M. domestica, while G. confusa only showed a significant predation on 

hidden eggs. 

 

1.5.1. Macrocheles 

Most studies on the life cycle and prey consumption of species of this genus used fly 

and nematode species as prey (Table 1). Many studies refer to predation of housefly without 

providing details about the process (Pereira and Castro 1945; 1947; Filipponi 1959; Filipponi 

and Petrelli 1967; Ito 1973; Filipponi et al. 1971; Manning and Halliday 1994). 

 

Table 1. Studies on the life cycle and prey consumption by Macrocheles species and respective food source. 

Macrocheles species Food source Reference 
M. boudreauxi Nematodes: Rhabditidae  Kinn and Witcosky (1977) 
M. glaber Flies: Lucilia sp., Musca 

domestica, Musca 
vetustíssima 

Filipponi (1959), Manning 
and Halliday (1994), Al-
Dulaimi (2002) 

 Nematodes: Panagrellus 
sp., Rhabditidae  

Filipponi and Delupis 
(1963), Manning and 
Halliday (1994) 

 Other soil invertebrates: 
Enchytraeus albidus 
(Enchytraeidae) and 
Poduromorpha Collembola 

Filipponi and Delupis 
(1963) 

M. insignitus Unidentified flies Filipponi and Ilardi (1959) 
M. matrius Fly: M. domestica Filipponi and Cicolani 

(1974), Cicolani (1978), 
Soliman et al. (1978) 

 Nematodes: Rhabditidae Filipponi and Cicolani 
(1974), Cicolani (1978). 

M. merdarius Flies: Lucilia sp., M. 
domestica, M. vetustissima 

Filipponi and Francaviglia 
(1964), Manning and 
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Halliday (1994) 
 Nematodes: Panagrellus 

sp., Rhabditidae 
Filipponi and Francaviglia 
(1964), Manning and 
Halliday (1994) 

M. muscaedomesticae M. domestica Pereira and Castro (1945, 
1947), Filipponi (1959), 
Wade and Rodriguez 
(1961), Rodriguez et al. 
(1962), Filipponi and 
Delupis (1963), Wallwork 
and Rodriguez (1963), 
Filipponi and Francaviglia 
(1964), O’Donnel and 
Axtell (1964), Kinn 
(1966), Singh et al. 
(1966), Filipponi and 
Petrelli (1967), Willis and 
Axtell (1968), Filipponi 
(1971), Filipponi et al. 
(1971), Ito (1971, 1973, 
1977), Al-Dulaimi (1986), 
Ho (1989), Geden and 
Axtell (1988), Geden et al. 
(1988, 1990), Almeida 
(1994), Perotti (2001), 
Guanilo and Cordero 
(2003) 

 Other flies: Fannia 
canicularis, Haematobia 
irritans, Musca 
autumnalis, Phormia 
regina, Stomoxys 
calcitrans 

Kinn (1966), Singh et al. 
(1966), O’Donel and 
Nelson (1967), Perotti 
(2001) 

 Nematodes: Aphelenchus 
avenae, Aphelenchoides 
composticora, 
Diplogasteroides sp., 
Diplogaster sp., 
Panagrellus redivivus, 
Panagrolaimus sp., 
Rhabditella sp., 
Rhabditidae, Rhabditis 
(Rhabditella) axei, 

Rodriguez et al. (1962,) 
Filipponi and Delupis 
(1963), Filipponi and 
Francaviglia (1964), 
Filipponi and Petreli 
(1967), Filipponi (1971), 
Filipponi et al. (1971), Ito 
(1971, 1973, 1977), Geden 
and Axtell (1988), Royce 
and Krantz (1991) 
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Rhabditis elongata, R. 
teres, Rhitis inermiformis 

 Other invertebrates: 
Enchytraeus albidus 
(Enchytraeidae), 
Phthorimaea operculella,  
Poduromorpha Collembola 

Filipponi and Delupis 
(1963), Filipponi and 
Petrelli (1967), Hassan et 
al. (2002) 

M. mycotrupetes Flies: M. domestica Krantz and Royce (1994) 
 Nematode: Rhitis 

inermiformis 
Royce and Krantz (1991), 
Krantz and Royce (1994) 

M. parapisentii Nematodes: Rhabditidae Costa (1967) 
M. penicilliger Flies: Lucilia sp., M. 

domestica, M. vetustissima  
Filipponi (1971), Manning 
and Halliday (1994) 

 Nematodes: Panagrellus 
sp., Rhabditidae 

Filipponi (1971), Manning 
and Halliday (1994) 

M. peniculatus Flies: Lucilia sp., M. 
domestica, Musca 
vetustissima  

Filipponi and Delupis 
(1963), Filipponi and 
Francaviglia (1964), 
Filipponi (1971), Manning 
and Halliday (1994) 

 Nematodes: Panagrellus 
sp., Rhabditidae 

Filipponi and Delupis 
(1963), Filipponi (1971), 
Manning and Halliday 
(1994) 

 Other invertebrates: 
Enchytraeus albidus, 
Poduromorpha Collembola 

Filipponi and Delupis 
(1963), Filipponi and 
Francaviglia (1964) 

M. peregrinus Flies: Haematobia irritans 
exigua, Haematobia 
thirouxi potans 

Doube et al. (1986), Roth 
et al. (1988) 

M. perglaber Flies: M. domestica Filipponi and Delupis 
(1963), Filipponi and 
Francaviglia (1964), 
Filipponi and Petreli 
(1969) 

 Nematodes: Rhabditidae, 
Rhitis inermiformis 

Filipponi and Delupis 
(1963), Filipponi and 
Francaviglia (1964), 
Filipponi and Petreli 
(1969), Royce and Krantz 
(1991) 

 Other invertebrates: 
Enchytraeus albidus 

Filipponi and Delupis 
(1963), Filipponi and 
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(Enchytraeidae) and 
Poduromorpha Collembola 

Petreli (1969) 

M. pisentii Nematode: Rhitis 
inermiformis 

Royce and Krantz (1991) 

M. robustulus Flies: Bradysia spp., 
Lucilia sp., M. domestica, 
Musca vetustíssima 

Filipponi and Delupis 
(1963), Filipponi and 
Mosna (1968), Manning 
and Halliday (1994), 
Grosman et al. (2011) 

 Nematodes: Panagrellus 
sp., Rhabditidae. 

Filipponi and Delupis 
(1963), Costa (1966), 
Manning and Halliday 
(1994) 

 Other invertebrates: 
Enchytraeus albidus 
(Enchytraeidae), 
Frankliniella occidentalis, 
Poduromorpha Collembola  
 

Filipponi and Delupis 
(1963), Messelink and 
Holstein-Saj (2008) 

M. rodriguezi Acarid mites (Acaridae) Oliver and Krantz (1963) 
M. saceri Nematode: Rhitis 

inermiformes 
Royce and Krantz (1991) 

M. scutatus Fly: M. domestica  Filipponi and Delupis 
(1963) 

 Nematodes: Rhabditidae Filipponi and Delupis 
(1963) 

 Other invertebrates: 
Enchytraeus albidus 
(Enchytraeidae) and 
Poduromorpha Collembola 

Filipponi and Delupis 
(1963) 

M. similis Tyrophagus similis Saito and Takaku (2013) 
M. subbadius Flies: Lucilia sp., M. 

domestica, M. vetustissima  
Filipponi and Francaviglia 
(1964), Filipponi (1971), 
Cicolani et al. (1977), 
Manning and Halliday 
(1994) 

 Nematodes: Panagrellus 
sp., Rhabditidae, Rhitis 
inermiformis 

Filipponi and Francaviglia 
(1964), Filipponi (1971), 
Royce and Krantz (1991), 
Manning and Halliday 
(1994) 

M. superbus Flies: Diptera Blaszak et al. (1990) 
 Other invertebrates: Blaszak et al. (1990) 
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Enchytraeidae, 
Poduromorpha Collembola 

M. vernalis Nematode: Rhitis 
inermiformis 

Royce and Krantz (1991) 

M. virgo Flies: Lucilia sp., Musca 
vetustissima  

Manning and Halliday 
(1994) 

 Nematodes: Panagrellus 
sp. 

Manning and Halliday 
(1994) 

 

Predation rates were reported for M. muscaedomesticae on housefly (Filipponi and 

Delupis 1963; Wallwork and Rodriguez 1963; O’Donnell and Axtell 1964; Kinn 1966; Singh 

et al. 1966; Willis and Axtell 1968; Ito 1977; Soliman et al. 1978; Al-Dulaimi 1986; Geden et 

al. 1988, 1990; Geden and Axtell 1988; Almeida 1994; Perotti 2001; Guanilo and Cordero 

2003), little housefly (Fannia canicularis L.) (Singh et al. 1966; O'Donnell and Nelson 1967), 

face fly (Musca autumnalis De Geer) (Singh et al. 1966), black blow fly (Phormia regina 

Meigen) (Kinn 1966), stable fly (Kinn 1966) and horn fly (Haematobia irritans L.) (Perotti 

2001). Predation rates were also reported for Macrocheles peregrinus Krantz on buffalo fly 

(Haematobia irritans exigua de Meijere) (Doube et al. 1986; Roth et al. 1988) and the African 

buffalo fly (Haematobia thirouxi potans Bezzi) (Doube et al. 1986), as well as for 

Macrocheles glaber (Müller) on housefly (Al-Dulaimi 2002). 

Adult M. muscaedomesticae have a marked preference for housefly eggs over first 

instar larvae (Filipponi 1955; Ito 1977; Almeida 1994; Perotti 2001; Al-Dulaimi 2002), while 

protonymphs and deutonymphs have a preference for nematodes (Rodriguez et al. 1962; 

Filipponi and Delupis 1963; Ito 1977).  

Development and reproduction on housefly were reported for Macrocheles insignitus 

Berlese (Filipponi and Ilardi 1959); M. muscaedomesticae (Wade and Rodriguez 1961; 

Filipponi and Francaviglia 1964; Filipponi and Petrelli 1967; Filipponi et al. 1971; Soliman et 

al. 1978; Al-Dulaimi 1986; Ho 1989; Geden et al. 1990; Almeida 1994); Macrocheles 

merdarius (Berlese), Macrocheles peniculatus Berlese and M. subbadius (Filipponi and 

Francaviglia 1964); Macrocheles perglaber Filipponi and Pegazzano (Filipponi and 

Francaviglia 1964; Filipponi and Petreli 1969), Macrocheles matrius Hull (Cicolani 1978) 

and M. glaber (Al-Dulaimi 2002).  

Development and reproduction of M. muscaedomesticae on a lepidopteran species 

(Phthorimaea operculella Zeller, Gelechiidae, the potato tuber moth) was also reported by 
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Hassan et al. (2002), who found a considerable number of these mites associated with P. 

operculella on stored potatoes. 

Macrochelid predation on mites has been reported less frequently, and always 

involving species of Astigmatina, which usually require high levels of environmental 

humidity to develop. The life cycle of Macrocheles rodriguezi Oliver and Krantz on an 

unidentified astigmatine of the family Acaridae was studied by Oliver and Krantz (1963). The 

predator was able to develop and oviposit on that prey, but not on an unidentified astigmatine 

of the family Histiostomatidae (cited as Anoetidae). Predation of Macrocheles robustulus 

(Berlese) on Carpoglyphus lactis (L.) was reported by Grosman et al. (2011), while Saito and 

Takaku (2013) investigated the predation capacity of Macrocheles similis Krantz and 

Filipponi on Tyrophagus similis Volgin.  

Consumption of nematodes by Macrocheles species has also been widely observed. It 

was reported for M. muscaedomesticae on an unidentified nematode (Filipponi and Delupis 

1963), on Rhabditis elongata Schneider (Ito 1971, 1973, 1977), on Rhabditella axei 

(Cobbold) (Filipponi and Petrelli 1967), and on Rhabditis teres (Schneider), Panagrellus 

redivivus L., Aphelenchus avenae Bastian and Aphelenchoides composticora Franklin (Ito 

1971). Predation has also been reported for Macrocheles glaber, M. peniculatus, M. 

perglaber, M. robustulus and M. scutatus (Berlese) on an unidentified nematode (Filipponi 

and Delupis 1963). 

In addition, nematodes have been shown to allow development and reproduction of 

Macrocheles. Available reports include M. merdarius, M. muscaedomesticae, M. peniculatus, 

M. perglaber and M. subbadius on unidentified free living nematodes (Filipponi and 

Francaviglia 1964); M. robustulus and Macrocheles parapisentii Costa on Panagrellus sp. 

(Costa 1966, 1967, respectively); M. muscaedomesticae, M. boudreauxi Krantz and M. 

matrius on rhabditoid nematodes (Filipponi et al. 1971, Kinn and Witcosky, 1977 and 

Cicolani, 1978, respectively); M. matrius on Rhabditella axei (Filipponi and Cicolani, 1974); 

Macrocheles mycotrupetes Krantz and Mellot on Rhitis inermiformis (Osche) (Krantz and 

Royce 1994); and M. glaber, M. merdarius, M. penicilinger (Berlese), M. peniculatus, M. 

subbadius and M. virgo Halliday on Panagrellus sp. (Manning and Halliday 1994).  

The available information has demonstrated the ability of Macrocheles species to prey 

and reproduce on a range of other food items, demonstrating their polyphagous behavior. A 

few studies have reported several collembolan (Arthropoda: Entognatha) and Enchytraeus 

(Annelida: Oligochaeta) species to allow development and reproduction of different species of 

Macrocheles. Predation on collembolans of the order Poduromorpha and on Enchytraeus 
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albidus Henle was reported by Filipponi and Delupis (1963) and Filipponi and Petrelli (1967) 

for M. muscaedomesticae, and by Filipponi and Petrelli (1967) for M. peniculatus, M. 

robustulus, M. perglaber, M. glaber and M. scutatus. Feeding on wounded or dead 

enchytraeid, larvae of house cricket (Acheta domesticus (L.)) and housefly by M. glaber was 

reported by Ignatowicz (1974). 

Aspects of food ingestion have been studied by different authors. Filipponi and 

Delupis (1963) observed that the food preferred by a species was not always the same as that 

ensuring its greatest reproductive rate. This has also been reported by other authors for other 

groups of Mesostigmata (Cavalcante 2014). Filipponi and Delupis (1963) also observed that 

the food preferred by immatures did not always coincide with that preferred by adults. Studies 

have also been conducted on the interference of a food item on the ingestion of other food 

items. Ito (1973) noted that although the availability of nematodes to M. muscaedomesticae 

reduced its predation rate on little housefly eggs, its reproduction rate was remarkably 

enhanced when nematodes were also available as food. 

Several studies have been conducted on the effect of temperature on the biology of 

different Macrocheles species, including M. glaber (Filipponi 1959), M. muscaedomesticae 

(Wallwork and Rodriguez 1963; Filipponi 1971; Filipponi et al. 1971; Geden and Axtell 

1988; Almeida 1994; Hassan et al. 2002), M. matrius (Filipponi and Cicolani 1974; Cicolani 

1978), M. penicillinger, M. peniculatus and M. subbadius (Filipponi 1971). Biological 

parameters obtained by different authors under different temperature regimes were 

summarized by Cicolani (1979). She reported development of Macrocheles species from egg 

to adult to be completed in periods ranging from 1.4 (M. robustulus) to 4.6 (M. penicilliger) 

days; the fecundity to range from 53.3 (M. penicilliger) to 163.2 (M. matrius) adult offspring 

per female; and the intrinsic rate of population increase to range from about 0.323 (M. 

penicilliger) to 0.906 (M. muscaedomesticae). These values are significantly higher than those 

reported for other groups of Mesostigmata. For instance, the highest values of intrinsic rate of 

population increase reported for Phytoseiidae mites correspond to the lowest levels 

determined for those Macrocheles species (Sabelis 1985). The duration of immature 

development at temperatures ranging from 15 to 35 oC has been observed to vary between 

two and five days, while fecundity ranged between 0.2 and 8 eggs per female per day. 

A simulation model for M. muscaedomesticae population dynamics and predation 

rates on immature housefly, taking into account temperature as well as other environmental 

factors, was first proposed by Geden et al. (1990). The authors reported close agreement 

between mite populations predicted by the model with actual populations from validation 
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experiments. Simulations models may be helpful in describing interactions of biotic factors 

and thus aid decision making in fly management. 

 

1.5.2. Glyptholaspis 

Predation rates were reported for G. confusa on housefly (Axtell 1961; Geden et al. 

1988), horn fly (Halliday and Holm 1987; Perotti 2001), and Australian bush fly (Musca 

vetustissima Walker) (Halliday and Holm 1987). Only one study has been published on the 

development and reproduction of Glyptholaspis. Afifi (1989) reported that Glyptholaspis 

americana (Berlese) can complete immature development on housefly eggs and larvae. Adult 

female longevity and fecundity of G. americana were determined to be higher than those 

observed for M. robustulus and M. carinatus. Immature development of G. americana was 

completed in 6.5 days, females lived for an average of 71.4 days, while average fecundity was 

14.3 eggs per female when feeding on housefly eggs. The average total number of housefly 

eggs consumed during the adult female stage by this species was 247.  

Studies on the feeding behavior of some manure-inhabiting mesostigmatids mites on 

free-living nematodes concluded that G. confusa was not attracted to nematodes (Ito 1971). 

However, Afifi (1989) reported successful development and reproduction of G. americana 

feeding on free-living nematodes, although oviposition rates and longevities were lower on 

mites fed upon nematodes. 

 

1.6. Reproduction 

 

Apparently one of the first reports concerning the modes of reproduction of 

macrochelids was published by Kramer (1876), who referred to the scarcity of males in M. 

muscaedomesticae. Canestrini (1881) interpreted this as an indication of the occurrence of 

parthenogenesis in this species. Almost 70 years later, Pereira and Castro (1947) 

demonstrated experimentally the occurrence of arrhenotoky in M. muscaedomesticae.  

Norton et al. (1993) summarized the published information regarding the modes of 

reproduction of macrochelids and presented a list of species undergoing thelytoky (species of 

Geholaspis and Macrocheles) and arrhenotoky (species of Glyptholaspis, Holostaspella and 

Macrocheles). Thelytoky was also reported by Halliday (1993) and Manning and Halliday 

(1994) (Macrocheles), while arrhenotoky was also reported by Cicolani (1983) and Manning 

and Halliday (1994) (Glyptholaspis and Macrocheles). 
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The role of pheromones has been investigated in macrochelid reproduction. Krantz 

and Redmond (1989) suggested the opening of the cribral glands of M. perglaber (localized in 

the posterior portion of female ventrianal shield) to be sites of sex pheromone release, the 

cribrum (on the posterior end of the ventrianal or anal shield) functioning as a dispersal 

platform for these substances. Adult males of M. muscaedomesticae were observed to mount 

on pharate female deutonymphs, preventing other males from approaching them, mating soon 

after emergence of the adult (Yasui, 1988, 1992). According to Yasui (1996) males are able to 

assess the insemination status of other males, adjusting duration of copulation according to 

the probability of fertilizing eggs with their own sperm. Males were able to assess the value of 

their mates according to the age and reproductive status of the latter (Yasui 1996).  

Krantz and Wernz (1979) studied the mechanism of sperm transfer and various 

aspects of pre-mating and mating behavior in G. americana. They observed that the oozing 

sperm droplet is taken up by one of the male chelicerae, which then remain closely appressed 

to each other throughout the transfer process, allowing uninterrupted sperm flow from the 

droplet to the spermadactyl of the opposing chelicera, which ultimatedly does the actual 

insemination. 

The relationship between distribution of macrochelid species and type of 

reproduction was examined by Manning and Halliday (1994). Not needing to mate before 

reproduction, thelytokous species should have an advantage in colonising patchy and 

temporary habitats over sexually reproducing species. However, Manning and Halliday 

(1994) concluded that thelytokous species (M. penicilliger, M. peniculatus and M. virgo) were 

usually found in temporarily stable, physically continuous habitats such as leaf litter and 

compost. They also observed that arrhenotokous species (M. glaber, M. merdarius, M. 

robustulus, M. subbadius and G. americana) were found in a variety of habitats, but 

especially in ephemeral scattered habitats. This occurs because arrhenotokous macrochelid 

females can mate with their own sons (Manning and Halliday 1994), producing fertilized eggs 

to establish a new population even when males are not available beforehand in the newly 

reached habitat. 

 

1.7. Behaviour 

 

Laboratory and field observations have confirmed the importance of semiochemicals 

in the relation between macrochelids and other organisms serving as their carriers or their 

prey (Krantz 1998). Strong positive responses of Macrocheles pisentii (Berlese), Macrocheles 
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saceri Costa and M. mycotrupetes were reported to be elicited by surface extracts of their 

scarab carriers (Krantz 1991, 1998). The effect of those chemicals may be remarkably strong 

in some cases. Krantz and Royce (1994) reported the ability of M. mycotrupetes to commute 

between underground galleries of its beetle hosts by moving through a sandy substrate for up 

to 80 mm, stimulated by chemicals produced by beetles in a different gallery. 

Specialized receptors present on tarsus I are presumed to play a major role in the 

perception of volatile compounds. Farish and Axtell (1966) demonstrated that the removal of 

tarsi I of M. muscaedomesticae resulted in lack of attraction of the mite to housefly eggs, 

pupae or adults. This result led the authors to concluded that receptors of olfactory stimuli are 

present on tarsi I. Jalil and Rodriguez (1970) concluded that among the several setae of tarsi I, 

the longer, terminal setae were the most important in odor perception. This was later corrected 

by Coons and Axtell (1973), who reported that the setae involved in odor perception were the 

neighboring (also terminal) peg-like setae. Jalil and Rodriguez (1970) and Wicht et al. (1971) 

demonstrated the attraction of M. muscaedomesticae to water-soluble compound(s) released 

by adult houseflies. Wicht et al. (1971) pointed out that water extracts from adult houseflies 

could contain an amino sugar or a polysaccharide present on both males and females.  

Jalil and Rodriguez (1970) showed preference of M. muscaedomesticae for odors of 

housefly adults over housefly eggs. Borden (1989) reported higher olfactory attraction of the 

same predator to the little housefly adults, followed by the attraction to eggs, larvae and 

pupae. This author concluded that the predators would benefit from choosing adults, to assure 

dispersal to new breeding sites.  

Adults of M. muscaedomesticae have been shown to congregate around the anterior 

end of stable fly pupae, attaching to the adults as they emerge (Greenberg and Carpenter 

1960). The predator often attaches to abdomen of adult housefly (Jalil and Rodriguez 1970), 

especially on the ventral surface (Ho, 1990; Rodrigueiro and Prado 2004).  

Perception of non-volatile compounds was assumed to be determined by different 

sensors located on the palpi of M. muscaedomesticae (Farish and Axtell 1966; Coons and 

Axtell 1973). 

Other chemicals seem to affect other types of behavior of macrochelids. In laboratory 

experiments, addition of ammonia to the substrate was observed to increase the predation rate 

of M. muscaedomesticae (Rodriguez and Wade 1961; Wallwork and Rodriguez 1963). This is 

not surprising, given that its main prey, the housefly, is attracted to ammonia, naturally 

released from the nitrogenous compounds in bovine manure (Wallwork and Rodriguez 1963). 

Attraction of M. muscaedomesticae to ammonia and to skatole was also demonstrated (Jalil 
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and Rodriguez 1970). These observations might be important in the implementation of 

applied biological control programs.  

 

1.8. Potential for the practical use of macrochelids in biological control  

 

Soil mesostigmatid mites have the potential to control plant pests that spend part of 

their lives in the soil or litter, or that attack underground plant parts (Eickwort 1983; Lesna et 

al. 1995; Gerson et al. 2003). Some of them, including the macrochelids, also have the 

potential to reduce population levels of noxious flies associated with animal excreta or 

decomposing animal cadavers (Wallace et al. 1979; Krantz 1983a). Given the ability of 

macrochelids to feed on a variety of soil invertebrates, it is certainly conceivable that they 

could be used for applied biological control (Walter and Ikonen 1989).  

Pereira and Castro (1945) were the first to claim that a macrochelid species had a 

definitive role as a biological control agent, referring to the predation of the housefly by M. 

muscaedomesticae. The first thorough appraisal of macrochelids as biological control agents 

was done by Axtell (1969), centering his discussion on the potential of augmentative release 

of these mites to control synanthropic flies. He highlighted positive and negative aspects of 

macrochelid biology and ecology in relation to their potential as control agents of the housefly 

and other manure inhabiting synanthropic flies. He emphasized the need for the development 

of means to mass produce macrochelids at low cost, making their field releases possible early 

in the fly breeding season. In addition, Axtell (1969) suggested that better control might be 

achieved by the concurrent use of one or more macrochelid species in association with other 

types of natural enemies. He was quite positive about the potential use of macrochelids for fly 

control, especially within the scope of integrated management programs. 

The second comprehensive appraisal of the potential use of macrochelids as control 

agents was by Krantz (1983a), who summarized the differences between the mite fauna found 

in what he termed domestic and pastoral settings, referring to dung accumulations and to 

individual dung pads, respectively. He placed special importance on understanding these 

differences when proposing biological control programs, due to the lower diversity of insect 

groups that could serve as carriers for macrochelids in domestic rather than in pastoral 

settings. According to this author, dung beetles tend to favor isolated dung pads, so that 

synanthropic flies are the only common potential carriers for the macrochelids of domestic 

settings (where synanthropic flies predominate). He listed a series of factors considered 

necessary to allow the widespread use of macrochelids as biological control agents in both 
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settings, within the concept of integrated pest management programs. In relation to pastoral 

settings, Krantz (1983a) emphasized the importance of considering the introduction of 

prospective macrochelids and their carriers from other regions in a classical biological control 

approach. 

Beaulieu and Weeks (2007) reviewed the role of free-living mesostigmatid mites as 

biological control agents in Australia. They mentioned the following traits as making some 

macrochelids suitable as fly control agents: (i) aggressive behaviour and feeding preference 

for fly eggs and larvae; (ii) high rate of population increase; (iii) efficient dispersal on a 

variety of dung-inhabiting beetles; and (iv) the ease with which they can be reared on flies or 

nematodes (Krantz 1983a). 

A discussion is presented below on the potential of macrochelid species as biological 

control agents of specific groups of harmful organisms. 

 

1.8.1. Housefly 

 

Applied biological control activities are usually classified in three general tactics, 

conservation, augmentation and classical biological control. While considering the conclusion 

of Pereira and Castro (1945) on the potential for the use of M. muscaedomesticae for housefly 

control, Axtell (1969) listed eleven attributes that in his view made this species a prospective 

control agent of that prey. These essentially referred to the preference of the predator to 

inhabit sites also preferred by the fly, to its phoretic behavior on the fly, and to the biological 

characteristics that enable it to survive under unfavorable environmental conditions. 

Practical use of M. muscaedomesticae could benefit from the results of the work of 

Wallwork and Rodriguez (1963), which suggested that the addition of ammonia to the 

substrate may increase predation. Gerson et al. (2003) concluded that the ability of M. 

muscaedomesticae to bring about satisfactory housefly control also depended on the presence 

of alternate prey. According to these authors, the alternative prey (e.g. acarid mites, 

nematodes and larvae of other flies) helped to maintain predator fecundity and longevity when 

housefly numbers declined. From the previous sections of this chapter, it is clear that this 

predator has the ability to feed on several other organisms in addition to housefly. The release 

of nematodes to increase the population of macrochelids has also been proposed by different 

authors (Axtell 1969; Wicht and Rodriguez 1970; Ito 1973). 

Effective control of housefly by M. muscaedomesticae and G. confusa was also 

reported by Axtell (1963a, b) in calf and poultry manure. Significant reductions in fly 
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populations by these predators were observed under natural conditions, but the reduction was 

much more significant, reaching up to 85.5%, when the predators were augmented (Axtell 

1963a; Singh et al. 1966). Effective control of houseflies in poultry houses, with up to 99% 

reduction in population level, was obtained by Rodriguez et al. (1970). Krantz (1983a) 

commented that despite this positive evidence, widespread use of the macrochelids for fly 

control in calf and poultry manure had not occured due to several factors, including the total 

removal of manure, lack of understanding about the interactions between and among biotic 

and abiotic components of the system, and lack of efficient rearing methods. 

 

1.8.2. Other flies 

 

Given the demonstrated ability of macrochelids to feed on the housefly, an obvious 

question to be asked is what is their potential use as control agents of other important flies.  

Works conducted so far do not show a clear potential of macrochelid species as 

biocontrol agents, suggesting that further studies are necessary. Several studies highlight the 

importance of the early arrival of the mites, on their dung beetle carriers, for maximum 

predation to take place. Wallace et al. (1979) suggested that the native Australian 

macrochelids, M. glaber and M. perglaber (according to Beaulieu and Weeks 2007, both 

referred to as M. glaber) could control the Australian bush fly, provided the predators could 

be brought to the dung pad soon after the flies laid their eggs. They concluded that significant 

improvement in Australian bush fly control could be achieved in southeastern Australia by 

introducing a dung beetle that could carry the mites. The dung beetles should have high flight 

activity in the afternoon and/or evening, coinciding as close as possible with the flight activity 

of the fly.  

Macrocheles peregrinus was introduced from South Africa to Australia for control of 

the Australian bush fly and the buffalo fly (Wallace and Holm 1983). Roth et al. (1988) 

considered it had a significant effect on the Australian bush fly, which oviposites in parts of 

the dung pad accessible to the mite, i.e. on the surface. However, they considered the predator 

to be ineffective in the control of the buffalo fly, providing an estimated suppression of 33% 

of the population under field conditions.  

Another promising result was obtained by Singh et al. (1966). The authors reported 

92% control of little housefly in an experiment conducted under semi-field condition, with the 

release of M. muscaedomesticae at a ratio of one mite to five muscid eggs. Further studies to 

confirm that efficiency are necessary. 
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1.8.3. Other arthropods 

 

Regardless of the most common occurrence of macrochelids in association with 

patchy habitats, some inhabit more uniform environments. Macrocheles robustulus has often 

been found in greenhouse soils (Messelink and van Holstein-Saj 2008), where it arrives with 

the introduction of compost (Messelink and Kogel 2005). This species  performed better as 

predator of the thrips (Thripidae) Frankliniella occidentalis (Pergande) (Messelink and van 

Holstein-Saj 2008) and of fungus gnats Bradysia spp. (family Sciaridae) (Grosman et al. 

2011), than the predatory mite Gaeolaelaps aculeifer (Canestrini) (Laelapidae). In the case of 

the sciarids, the predator’s population increased with the addition of mulch containing an 

astigmatid mite that served as an alternative prey, on which the predators were previously 

reared. Macrocheles robustulus is presently commercially available for the control of pre-

pupae and pupae of thrips as well as larvae of Lyprauta sp. (Keroplatidae) sciarids. 

 

1.9. Rearing techniques 

 

Efforts to develop rearing techniques for macrochelid mites under laboratory 

conditions started long ago. Pereira and Castro (1946, 1947) were apparently the first to rear 

M. muscaedomesticae for experimental purposes, using porous clay substrates to prevent 

water condensation, and allowing humidity retention and air exchange.  

The effect of environmental factors that could interfere with the mass production of 

M. muscaedomesticae was discussed by Rodriguez and Wade (1961), based on laboratory and 

semi-field observations. The type of substrate, livestock feed additives, pH, temperature and 

relative humidity had an effect on the reproduction of M. muscaedomesticae. They proposed a 

substrate for the production of macrochelids, which included housefly eggs and nematodes as 

food. Filipponi (1964) presented a series of recommendations for rearing macrochelid mites 

for experimental taxonomic studies, including a substrate, food items (housefly eggs and 

nematodes), and the containers to be used. He also mentioned the procedure used for the 

production of the nematodes. 

Singh and Rodriguez (1966) reported successful results in their efforts to mass rear 

M. merdarius, M. muscaedomesticae and M. subbadius on the nematode Rhabditella leptura 

(Cobb). They also standardized a method for rearing the nematode species in the laboratory. 

Ho et al. (1990) developed a mass-production method for M. muscaedomesticae, involving 

the use of spent housefly media, frozen housefly eggs, and the nematode Protorhabditis sp.. 
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At about the same time, Royce and Krantz (1991) developed a rearing method that was 

successfully used for the production of several macrochelid species including, M. 

muscaedomesticae, M. mycotrupetes, M. perglaber, M. pisentii, M. saceri, M. subbadius, M. 

vernalis and G. confusa. It consisted of the production of nematodes in a fly rearing medium, 

which was then periodically supplied to the mite colonies in jars lined with plaster-of-

paris/charcoal.  

An important aspect to consider is the common cannibalistic behavior of the 

macrochelids (Wade and Rodriguez 1961; Ignatowicz 1974). Almeida (1994) proposed the 

use of pieces of ceramics at the botton of the rearing units to reduce the rate of cannibalism. 

More recently, Grosman et al. (2011) reported the use of the astigmatid mite C. lactis 

for the mass production of M. robustulus. Details about the rearing process were not provided, 

except that the prey was reared on bran. Astigmatine mites have long been widely used for the 

mass production of other predatory mites (Ramakers and van Lieburg 1982). However, the 

use of astigmatines for the production of macrochelids is interesting for the fact that, as 

mentioned previously in this chapter, relatively few studies have reported predation by 

macrochelids on astigmatids. 

 

1.10. Integrated Manegement 

 

The natural occurrence of macrochelids in animal excreta under different ecological 

conditions was known before the widespread use of chemical insecticides became common 

for fly control. The deleterious effect of insecticides on those predators soon became evident 

to researchers (Axtell 1963a, 1966, 1968, 1970; Axtell and Rultz 1986; Rodriguez et al. 1970; 

Anderson 1983; Axtell and Arends 1990; Mattos 1992). It was then concluded that 

conservation of predators could improve fly control, especially implementing techniques to 

reduce the humidity in dung piles, judicious removal of manure, and use of selective 

pesticides (Axtell 1986, 1999).  

Axtell (1991) constructed simulation models to evaluate the effect of different 

densities of M. muscaedomesticae, application of different insecticides, presence or absence 

of alternative prey and manure-removal on housefly population. Maintaining the manure as 

dry as possible through proper air ventilation, drainage and phased manure removal, were 

considered essential for the success of fly control. Stafford and Bay (1987) determined that M. 

muscaedomesticae preferred slightly drier areas than the third instar larvae of the housefly; 

most of the mites were found in the manure cones, where fly eggs were also more abundant. 
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Deleterious effect of bi-weekly and monthly manure removal on predatory mites, 

mainly macrochelids, was shown by Peck and Anderson (1970), Erõss and Mahunka (1971), 

Wills et al. (1990) and Mullens et al. (1996; 2001). The first authors noticed that at least 4 

weeks were required before M. muscaedomesticae population could reach the densities found 

in older, unremoved manure. The authors suggested different manure management schedules 

to allow more effective predation of the housefly by macrochelids. 

1.11. Possible limitations 

 

Axtell (1969) listed six aspects he considered as possible limitations in relation to the 

use of macrochelids for fly control. Among these were humidity requirements, population 

increase and predation rates, limited prey stages attacked (mostly eggs and first instar larvae) 

and susceptibility of macrochelid immatures to predation by other organisms. 

Some studies suggest that egg structure may have an important bearing on the 

predation potential of macrochelids. The limited ability of M. muscaedomesticae to feed on 

stable fly eggs was attributed to their thicker chorion in comparison with housefly eggs (Kinn 

1966). 

All nine macrochelid species studied by Halliday and Holm (1987) were observed to 

consume eggs of the Australian bush fly, but only the larger species were able to feed on the 

eggs of the buffalo fly, probably due to the thicker chorion of the latter. In a subsequent 

experiment, the inefective control of the buffalo fly in Australia by the introduced M. 

pereginus was attributed mostly to its preference for fly species that had softer egg chorion 

(Roth et al. 1988). Before any effort is initiated for the mass production of macrochelids for 

practical use, adequate selection of predators is essencial.  

Success in biological control of a particular species of unwanted organism cannot be 

immediately deduced from laboratory tests, most often conducted under artificial conditions. 

This is exemplified by the observations by Kinn (1966), who reported effective predation of 

eggs and first instar larvae of black blow fly by M. muscaedomesticae under laboratory 

condition, but concluded that it was unlikely that it played an important role in the control of 

that insect, as M. muscadomesticate is seldom found on carrion, the preferred habitat of the 

black blow fly.  

Still another limitation to predation of fly eggs relates to macrochelid oviposition 

behavior and fly biological traits. Musca sorbens Wiedemann deposits clusters of several 

hundred eggs into fresh dung. These hatch quickly enough to escape predation by M. 
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muscaedomesticae, which cannot colonise the droppings in time to attack most eggs. The 

most exposed eggs of the cluster can be attacked, but these become hard and dry, forming a 

barrier that protects the inner eggs of the cluster from predation (Toyama and Ikeda 1976). 

 In relation to the use of macrochelids for nematode control, possible limitations 

refer mainly to the relatively large size of these mites, physically preventing their movement 

deep into the soil. Most plant parasitic nematodes are found in association with roots, at least 

several centimeters below the soil surface. Parasitic nematodes are found on aerial parts of 

some low growing plants, but macrochelids have rarely been found on aerial plant parts (a 

Macrocheles species was recently found by T. Ranielle in the state of Pernambuco, in 

northeast Brazil, in flowers of Heliconia bihai L.), and their use in this type of habitat seems 

improbable.  

Predation of macrochelids on annelids of the family Enchytraeidae could be seen as a 

limitation in the use of these predators, given that enchytraieds are considered beneficials for 

their natural role in the decomposition process of organic matter. However, the alternative 

control of pest species with agrochemicals may cause considerable mortality of enchytraeids. 

In addition, most macrochelids considered for practical use are found in patchy habitats, 

implying that they do not seem to have a close association with enchytraeids, of seemingly 

more uniform distribution in the environment.  

The introduction of a macrochelid from a different region of the world warrants a 

careful evaluation of benefits and potential problems that could result from the introduction. 

However, the use of macrochelid species naturally occurring in the area where the pest is 

present, is not expected to cause major impact on enchytraeid population, especially in areas 

of traditional agriculture, where other factors (as the use of fertilizer) is already expected to 

reduce enchytraeid populations. 

 

1.12. Suggested complementary studies 

 

It is widely known that the success in biological control efforts of unwanted 

organisms is dependent upon adequate taxonomic and ecological knowledge of the species to 

be controlled as well as of the prospective biological control agent. Macrochelids have 

received limited attention in most countries, and their potential should still be considered to 

be limited (Krantz 1983a). However, researchers involved in the biological control of 

organisms that spend part of their life in discontinuous habitats, where these mites are most 
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commonly found (especially fly species), might consider macrochelids to deserve special 

attention. The initial effort in these countries should concentrate on faunistic studies to enable 

correct determination of the species present, their population dynamics, and their relationships 

with other organisms.  

A series of other more applied topics for research could then be established, 

involving the evaluation of groups of organisms to be targeted for control. One of these 

special cases refers to nematodes that are intestinal parasites of farm animals. These are 

periodically eliminated in the faeces of their hosts. The potential role of macrochelids in the 

control of these organisms has not been adequately explored. Given the reported suitability of 

many soil nematodes as food for macrochelids, it seems likely that these predators could have 

some effect on those nematodes, which have free-living stages that are taken up by new hosts 

as part of their biological cycle.  

Another seemingly important topic for research refers to a possible limitation to the 

use of macrochelids due to intra-guild predation. Intra-guild predation involving organisms of 

the same genus has been mentioned in the literature. In the laboratory, competition between 

M. robustulus (Berlese) and M. glaber resulted in reduced densities of the latter when both 

were placed together in cow dung (Wallace and Holm 1984), despite its larger size. Such 

competition however, is not expected to occur in the field, given that while M. robustulus 

favors domestic settings, M. glaber favors pastoral settings. There are also cases of intra-guild 

predation involving macrochelids and other species of Mesostigmata. Axtell (1969) 

mentioned the predation of macrochelid larvae and protonymphs by species of Parasitidae. 

Preliminary experimental evidence supporting that statement was presented by Ignatowicz 

(1974), who observed predation of M. glaber immatures by all mobile stages of Parasitus 

coleoptratorum (L.). Thus, the presence of parasitids in the substrate might inhibit 

colonization by macrochelids.  

However, it has also been suggested (Axtell 1962, 1963a) that the usual pattern of 

succession of mite groups in aging manure is characterized by the pioneer colonization by 

parasitids, followed by macrochelids and then other mite groups. While this assumed pattern 

seems to be the opposite of what was observed by Axtell (1969) and Ignatowicz (1974), 

additional studies on this subject are warranted, to determine the possible limitation of 

macrochelids by high abundance of parasitids.  
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2. CATALOGUE OF THE FAMILY MACROCHELIDAE VITZTHUM 

(ACARI: MESOSTIGMATA) 

ABSTRACT 

Mites of the family Macrochelidae are very abundant in excrements or 
decomposing animals. They are also found in nests or galleries of mammals, birds 
and social insects. Much has been published about the facultative or obligatory 
phoretic behavior of macrochelids, because of their common occurrence in patchy 
habitats. Several macrochelid species have been reported as predators of eggs and 
first instar larvae of the housefly. However, they are also known to feed on other 
fly species, nematodes, collembola and other small arthropods. The family 
includes a total of 519 species arranged in 23 genera. The largest diversity is 
found in Macrocheles Latreille (314 species), followed by Holostaspella Berlese, 
Holocelaeno Berlese, Neopodocinum Oudemans, Nothrolaspis Berlese, 
Glyptholaspis Filipponi & Pegazzano and Macrholaspis Oudemans (41, 40, 38, 
16, 15 and 12 species, respectively). Ten genera are monotypic. New 
combinations are proposed for 5 species. 

Keywords: Excrements mites; Predatory mites; Fauna list 
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3. MACROCHELID MITES (MESOSTIGMATA: MACROCHELIDAE) 

FROM SÃO PAULO STATE, BRAZIL, AND DESCRIPTION OF A 

NEW SPECIES OF Macrocheles  

ABSTRACT 

 

Macrochelid mites have been reported in several papers about mites of 
different habitats in Brazil, but this is the first work specifically conducted to 
determine the macrochelids from that country. The main goal was to determine 
macrochelid species in microhabitats where the stable fly is usually found in 
commercial cow raising farms. In total, 1359 specimens were collected from cow 
manure and litter in different regions of São Paulo state. These represented ten 
species of three genera. One of these, Macrocheles n. sp. is here described as new 
to science. Other macrochelid species are expected to be found in the study area, 
when other types of microhabitats are explored.  

 

Keywords: Macrochelids; Animal manure; Litter; Taxonomy 
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4. POTENTIAL OF MACROCHELID MITES (ACARI: 

MESOSTIGMATA: MACROCHELIDAE) AS CONTROL AGENTS 

OF HARMFUL MUSCID FLIES (DIPTERA: MUSCIDAE) 

ABSTRACT 

The stable fly (Stomoxys calcitrans), housefly (Musca domestica) and 
horn fly (Haematobia irritans) are parasites which attacks mainly cattle and 
horses, and can be disease vectors. In addition, other edaphic organisms can to 
cause severe damage to cultivated plants. Predatory mites of the family 
Macrochelidae often occur in habitats with a high content of organic matter in 
decomposition and have been considered promising biological control agents of 
eggs and larvae of flies and others harmfull organisms. The aim of this study was 
to evaluate the effect of 3 species of Macrochelidae, Macrocheles n. sp., 
Macrocheles muscaedomesticae and Macrocheles robustulus, on six prey species: 
Stomoxys calcitrans, Musca domestica, H. irritans, Bradysia matogrossensis, 
Protorhabditis sp. and Rhizoglyphus sp. Experiments were conducted in a 
chamber at 30 ± 2 °C, 70 ± 10% RH in the dark. The three macrochelids 
consumed all evaluated prey types, but Macrocheles n. sp. presented higher 
predation and oviposition rates in larvae of S. calcitrans (23.8 larvae consumed 
and laid about 4 eggs per day, respectively). Feeding on Rhizoglyphus sp. resulted 
in extremely low oviposition rates of the three predators. Survivorship was high (≥ 
73) for all predators on all prey items. These results suggest that all the natural 
enemies evaluated are promising for use as control agents of flies tested. 

Keywords: Macrocheles; Predatory mites; Biological Control; Harmful organisms 
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5. LIFE CYCLE OF Macrocheles n. sp. (ACARI: MESOSTIGMATA: 

MACROCHELIDAE) ON EGGS OF Stomoxys calcitrans AND Musca 

domestica (DIPTERA: MUSCIDAE) AND ON A MIXTURE OF ALL 

STAGES OF Protorhabditis sp. 

ABSTRACT 

The aim of this study was to evaluate the life cycle of Macrocheles n. sp. 
on eggs of S. calcitrans L., a serious parasites of cattle and horses, M. domestica 
L., vector microorganisms harmful to humans and other animals, as well as on 
Protorhabditis sp., that could be used as factitious food in its mass rearing. 
Experiments were conducted in a chamber at 30±1 °C, 95±10% RH and in the 
dark. Total immature development (egg-adult) was completed in 1.3 ± 0.01, 1.3 ± 
0.01 and 1.5 ± 0.03 days on eggs of S. calcitrans and M. domestica and on 
Protorhabditis sp., respectively. Fecundity was higher on Protorhabditis sp. (77.2 
± 5.1 eggs/female) than on S. calcitrans (58.0 ± 5.9) and M. domestica (55.0 ± 
5.3). Macrocheles n. sp. produced about 0.34 female/female/day (rm: 0.34) on S. 
calcitrans, 0.31 on M. domestica (rm: 0.31) and 0.28 on Protorhabditis sp. (rm: 
0.28). Results of this study suggest that Macrocheles n. sp. is a promising 
biological control agent of S. calcitrans and M. domestica, and that it could be 
mass reared with the use of Protorhabditis sp. or eggs of M. domestica. 

 

Keywords: Biology, Predatory mites; Stable fly; Housefly 
 

 




