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ABSTRACT

We present a brief discussion of the evolution of our knowledge about the mites in the
order Mesostigmata, with an account of the early history of their classification, factors that
influenced this process, the difficulties faced by the pioneer taxonomists, the contributions
made by successive individuals, and the development of the modern taxonomic concepts.
The discussion highlights the Phytoseiidae, for their significant positive effect as biological
control agents of pest organisms. In addition, suggestions are presented for the continued
progress in the ultimate use of mites for biological control, especially of plant pests.
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Introduction

This paper is an adaptation of a talk presented by the first author in the 10th EURAAC
(European Association of Acarologists) Symposium, held at Athens, Greece in September
2024. Acarology is a relatively young science that has evolved quickly in recent years because
of the growing importance of mites in agriculture as pests and biological control agents, and
because of their role as vectors of pathogens of human beings, domesticated animals, and plants
(Bregetova 1966; Krantz and Walter 2009; Walter and Proctor 2013; Vacante 2015).

The objective of this publication is to review the history of research on the mites of the
order Mesostigmata. The historical review provides the context for a discussion of the present
state and future development of studies of the Mesostigmata, with emphasis on the family
Phytoseiidae. This family contains most of the species of predatory mites that have been used
for the biological control of harmful arthropods in agriculture worldwide.

Factors affecting the early development of Acarology

Prasad (1982) provided a comprehensive account on the history of Acarology, providing
important information from 25 countries. That historical review identified several factors that
have had significant impact on the development of Acarology worldwide, as summarised in
Table 1.
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Table 1 Factors affecting the development of acarology worldwide.

1750's Compound microscopes

1900's Berlese-Tullgren funnel

1940's Synthetic pesticides widespread use

1950's Research in mite-borne disease

1950's Training of new acarologists, especially from mid 1900’s
1960's Establishment of specialised acarology journals

1960's Commercial interest in biological control

Perhaps because they are visible to the naked eye, and because they directly affect human
beings and domesticated animals, ticks were the first mites to be referred to in art and literature.
Objects that appear to be ticks can be seen in a sculpture from an Egyptian tomb dated about
1,500 years BCE (Arthur 1965). Although not named, references to animals believed to be
ticks as the cause of diseases were also found in an ancient Egyptian papyrus written over
1,000 years BCE. Homer also referred to ticks in his classic books Odyssey and Iliad in about
800 BCE. About 500 years later, Aristoteles was not only able to see ticks on different animals,
which he called kroton and kynoraistes, but also smaller mites, which he called akari, scolekes
and phtheires (Emmanuel 1982). Ticks were also shown in sculptures in a Bacchus temple in
Lebanon, about 150 CE (Gorirossi-Bourdeau 1995).

Hildegard von Bingen was probably the first person in Germany to publish information
about mites, when she referred to a mite that parasitises both human beings and domesticated
animals, and which is much smaller than ticks (Alberti 2005). She lived from 1098 to 1179,
and wrote a note about Sarcoptes scabiei (DeGeer) (the itch mite; Sarcoptidae) in the book
Liber Subtilitatum Diversarum Naturarum Creaturarum.

Because of the small size of most mites, more significant reports about them were only
possible from the 1700’s, when major improvements of compound microscopes took place in
Europe (Joblot 1754). The small size of most mites and the need for microscopes to study them
was stressed early in the history of Acarology (Geoffroy 1762; DeGeer 1778). Even at this
early stage, improved instruments allowed the observation of mite morphology and behaviour
in amazing levels of detail. This was the first main characteristic highlighted in the opening
speech of the Third International Congress of Acarology (Rosicky 1971) as important in driving
the development of our knowledge about mites. Occurrence of major pandemics also seems to
have affected the development of Acarology, by drawing attention to vector-borne diseases.

The early development of Acarology was hampered by the fact that most mites are found
in the soil, which made collecting them difficult for early workers. The successful collecting
of large numbers of soil mites was greatly facilitated by the extraction methods developed by
the Italian Antonio Berlese and the Swedish Hugo Albert Tullgren. The collecting devices they
developed, or further adaptations of them, are still widely used today for the same purpose. The
development of effective slide mounting media also had a tremendous impact on the study of
microarthropods, as described by Micherdzinski (1966).

The use of chemical pesticides for pest control was widely adopted worldwide soon after
World War II, especially following the development of DDT and BHC. That development
seemed at first to be the solution to pest problems in wide-scale food production, but these
products and others soon became the cause of recurrent problems, in part by the elimination
of natural enemies, and in part by the use of plant varieties that were more readily attacked
by pests (Chant 1959a). The increased problem with arthropod pests, including plant-feeding
mites, led to increasing interest in studying those harmful organisms and their natural enemies,
in an attempt to improve the efficacy of control practices. Reference to the beneficial value
of predatory mites was made as early as Ewing (1913), and the commercial production of
predatory mites for the biological control of pests developed significantly in the 1960-1970’s.
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The increasing interest in those studies resulted in the need for the establishment of training
programs and the concurrent development of appropriate educational support. An international
training program in Acarology was put in place in the USA, initiated at Duke University (North
Carolina) in 1951, moved to the University of Maryland in 1954, and then to the Ohio State
University in 1961, where it was taught annually until 2018. During that period, over 1,700
professionals or students were trained in at least one of its three modules (Introduction to
Acarology, Agricultural Acarology, and Medical and Veterinary Acarology). More recently,
that training program moved to its current location at the University of Arkansas. Another
program of similar nature was offered at the University of Nottingham, England, from1962
to 1987. The Société des Acarologues de Langue Francgaise conducted an acarology training
program in the French language at several European universities during the 1980’s. Other
training programs were or have been held in different countries on a smaller scale.

Those training programs, and the science of Acarology in general, made use of a growing
number of textbooks and other important publications, including Murray (1877), Banks
(1905, 1915), Vitzthum (1931, 1943), Baker and Wharton (1952), Baker et al. (1956, 1958),
Strandtmann and Wharton (1958), Krantz (1970, 1978), Jeppson et al. (1975), Evans (1992),
Coineau et al. (1997), Camicas et al. (1998), Fernandez and Coineau (2007), Pérez-Eid
(2007), Krantz and Walter (2009), Hoy (2011), Walter and Proctor (2013) and Vacante (2015).
Another important development was the launching of journals specialised in Acarology, such
as Acarologie — Schriftenreihe fiir Vergleichende Milbenkunde, published privately by Werner
Hirschmann between 1957 and 1993, as well as Acarologia (starting in 1959), International
Journal of Acarology (1975), Experimental and Applied Acarology (1985), Acarina (1993),
Systematic and Applied Acarology (1996) and others. Another extremely helpful trend in the
promotion of Acarology was the initiation of the International Congress of Acarology. This
worldwide gathering of acarologists was first held at Colorado State University, Fort Collins,
USA, in 1963, and then approximately every four years, with the most recent meeting in New
Zealand in 2022.

The initial development of mite taxonomy and biology

Animal systematics as presently understood began in 1758, when the 10th edition of Systema
Naturae was published by Carolus Linnaeus (Linnaeus 1758). That publication marked the
introduction of binominal nomenclature, in which the scientific name of a species consists of a
statement of the genus name followed by its specific name. In that particular publication, each
name was followed by a brief description of the species.

Linnaeus listed 31 species of mites (and two species of pseudoscorpions) in a genus he
then designated as Acarus, in the order Aptera of the class Insecta. That number seems to have
been much lower than reported in the literature at the time, which was about 90 according
to Micherdzinski (1966). Linnaeus’ list included the following numbers of mite species,
here presented in their current higher mite taxa: Mesostigmata, 3; Oribatida: Astigmatina
(Sarcoptiformes), 5; other Oribatida, 4; Ixodida, 6; and Prostigmata (Trombidiformes), 13. It is
noteworthy that Linnaeus’ list included most of the different major mite groups recognised today,
missing only Opilioacarida and Holothyrida, which were established much later. The listed
Mesostigmata are presently placed in three different genera, as Asca aphidioides (Linnaeus)
(Ascidae), Parasitus coleoptratorum (Linnaeus) and Pergamasus crassipes (Linnaeus) (both
Parasitidae). Each of these species was designated as type species of its respective genus.
In a footnote on page 617, Linnaeus (1758) noted the small size of mites, their ubiquity and
abundance, and their importance as pests. Apparently for the first time, he referred to them as
Acari, the plural of Acarus.

Linnaeus (1758) also listed the species Pediculus vespertilionis in Insecta — Aptera. It was
later considered to belong to the mite family Spinturnicidae, but it was the subject of great
taxonomic and nomenclatural confusion (Collins 1930) and was eventually invalidated by the
International Commission on Zoological Nomenclature (Opinion 128, 1936).
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Two other mite genera were described soon after Linnaeus (1758). Hydrachna Miiller,
1769 (apud Miiller 1776), with 48 species of aquatic mites, and Trombidium Fabricius, 1775,
with three species of distinctly red terrestrial mites. Both generic names are still associated
with the same groups of species.

Latreille (1795) used the French term “Tiques” for a series of species in the genera Argas,
Atomus, Ixodes, Pycnogonum, Bdella, Hydrachna, Trombidium, Acarus, Parasitus, Siro and
Chelifer. While most of these genera are still recognised as mites today, they also include a sea-
spider, a pseudoscorpion, and a harvestman. Latreille (1796) then used the name “Acephales”
for the same group, with the addition of the genera Nycteribia, Carios, Leptus, Cheyletus,
Smaris, Limnochares, Eylais, Carpais, Tyroglyphus, Tarantula, Aranea, Galeodes, Scorpio and
Phalangium. As before, several of these genera are now placed in other groups of Arachnida
or Insecta. Latreille (1802) arranged these genera in a series of groups called Acaridies (=
Acaridiae), Hydracnelles (= Hydrachnellae), and Tiques (= Riciniae), which excluded the other
groups of Arachnida. Latreille (1806) continued to place the mites and other arachnids in the
Insecta Aptera, in a group he called Acera (= Acéres), with a greatly increased number of
genera.

Oudemans (1896a, b) presented some notes on the history of previous work on mites,
especially the work of Linnaeus, Fabricius, Latreille, and Miiller, but we cannot confirm all his
interpretations.

The early (1795) description of the two speciose tick genera (Argas and Ixodes) is consistent
with the importance of ticks as mammal parasites, and their relatively large size. The early
description of the mesostigmatic genus Parasitus also suggests the common occurrence of
this group in Europe, and its early recognition led to the importance of this name in mite
nomenclature, and its adoption as the root of names of major mite taxa (Parasitiae; Parasitidae
Oudemans, 1901; Parasitinae; Parasitoidea, Parasitina Johnston, 1982 and Parasitiformes
Krantz, 1978). The name Parasitus was first used by Latreille (1795), but Latreille (1796)
replaced Parasitus with Carpais without any explanation. Latreille (1802) then further replaced
Carpais with Gamasus, referring to Carpais as a “trop dure” (too harsh). According to the
author, Gamasus was a suitable Greek word to express the agility of these mites, but his
indecision led to later ambiguity in the use of the alternative names Parasitidaec Oudemans,
1901 and Gamasidae Leach, 1815 for the same family of mites. Despite the earlier availability
of Gamasidae in the literature, most authors use the name Parasitidae Oudemans, probably
because Gamasus is a junior synonym of Parasitus. These nomenclatural changes were
reviewed by Oudemans (1896b) and Hruzova and Fend’a (2018).

Cuvier (1798) listed five Acarus species (sensu Linnaeus) referred to as mites, and an
unspecified number of species of Hydrachna that he cited as synonymous with Trombidium.
He associated the latter with harvestmen, and provided brief details on the morphology and
ecology of all of these organisms. Lamarck (1801) was the first to distinguish the arachnids
as a separate class, placing them among his “Arachnides palpistes”, which included the mite
genera Acarus, Bdella, Eylais, Hydrachna and Trombidium, as well as the non-mite groups
mentioned by Latreille (1796), in addition to amblypygids and harvestmen. However, Latreille
(1806, 1810) still referred three mite genera he had described in 1796 to the Insecta - Aptera.
Leach (1815) also grouped the mites known at the time with several members of present-day
Arachnida in what he called “class Arachnides”. Conversely, Sundevall (1835) cited the genera
described by Latreille (1796) (Astoma [sic], Caris [sic] and Leptus) as well as Achlysia and
Ocypeta, in a”family” of the “order” Acari. Haller (1881) and Canestrini (1891) placed the
mites in a new “class” (Acaroidea), at the same level as crustaceans, arachnoids, myriapods
and insects.

In terms of mesostigmatic biology, important discoveries were reported by different authors
as early as the beginning of the 19th century. Amazing details about the behaviour of these
mites, the importance of their first pair of legs as a sensor of environmental stimuli and the
relation of these and other structures with those of insects and crustaceans were published
almost 200 years ago (Robineau-Desvoidy 1830). And that is despite the major limitation of
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the time in terms of quality of available microscopes. Duges (1834b) observed the quick death
of most “Gamasus” species when taken away from their natural habitat, unless kept in a jar
with a water source. The requirement of “some moisture in the atmosphere” for the survival of
“Gamasinae” was later stressed by Michael (1892). This discovery is of major importance in
the practical use of some of mesostigmatic species for pest control.

Duges (1834b) also detailed the process of attachment and detachment of uropodines
(Mesostigmata) to their coleopterous carriers. In addition, he reported the parasitism of
vertebrates by Dermanyssus species (Mesostigmata: Dermanyssidae), as well as predation by
“Gamasus” on other mites, including tetranychids, with details of the relationship between
the morphology of these mites and their feeding behaviour (Dugés 1834a, b). Dugeés (1834b)
also referred to the considerable morphological differences between the chelicerae of males
and females of Dermanyssus, which led him to believe that different sexes of the same species
belonged to different species. A detailed description of the morphology, biology and behaviour
of Mesostigmata was provided in the late 19th century by Mégnin (1876).

The considerable alteration in morphology from the first to the subsequent developmental
stages led Trouessart (1892) to realise that mites in general undergo metamorphosis during their
developmental process, including a six-legged larval stage. The presence of only six legs in
the first post-embryonic stage had already been reported by Duges (1834a) and Mégnin (1876),
both of whom referred to it as a larva. Canestrini (1891) provided details of the different
mite developmental stages, based on his own observations as well as those of other renowned
acarologists, and used them as the basis of his proposed classification system (Ragusa 2002).

The absence of basic data on mite biology and taxonomy led to some incorrect conclusions
in the early literature. An example is the confusion concerning the deutonymphal stage of some
astigmatic mites. Duges (1834b) described the genus Hypopus for a minute mite he found
attached to a beetle (Hister sp.), and included several other species in the genus. Dujardin (1849)
mistook Hypopus for the juvenile stage of a gamasid species, and Nicolet (1855) interpreted
it as a parasitic stage of a gamasid that attacked oribatids. Mégnin (1876) later attributed
that mistake to the high degree of sclerotisation of the idiosoma of those deutonymphs. The
convoluted history of the name Hypopus was reviewed by Michael (1884).

Meégnin (1876) also discussed synonymies presented by some early authors, who applied
different names to different stages and sexes of the same mesotigmatid species. He also
corrected a common assumption of the time, presented by Dugés (1834b), that gamasids were
mostly parasites of invertebrates and vertebrates. Michael (1892) supported Mégnin’s concept,
indicating that those mites were mostly predators, and corrected Duges’ conclusions about the
morphology and behaviour of the structures involved in the mating process.

The number of described mite taxa increased considerably between 1758 and 2011 (Table
2). In that period, the number of species increased from nearly 30 to about 55,000, across
all mite orders (Beaulieu ef al. 2011). This enormous increase in the number of species was
followed by efforts to determine the relationships among them, and their possible evolutionary
relationships.

Table 2 Trend of the numbers of described mite taxa, according to specified sources.

Linnaeus  Dugeés Koch  Canestrini  Vitzthum Bakeretal. Wharton Zhangetal.

(1758)  (1834a)  (1842) (1891) (1931) (1958) (1964) (2011)
Families - 7 13 33 39 189 - 526
Genera 1 24 75 199 259 - - 5,611
Species 29 >60 832 - 5,376 - 175 54,617
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Mite classification systems

About 20 years after the publication of the 10th edition of Systema Naturae, DeGeer (1778)
highlighted the difficulty of grouping mites according to their morphological features. He
mentioned that despite the observed differences in dimensions of the legs between different
mite species, it remained difficult to establish the limits of these variations, and proposed
instead grouping mites according to their preferred microhabitats. Latreille (1795) referred to
that conclusion, and separated the mites into distinct genera without referring to the relationships
among them. Micherdzinski (1966) pointed out that the small number of acarologists were
overwhelmed by the abundance of mites available for study, which lead to a lack of solid, lasting
foundations for the development of mite systematics. In the 19th Century the overwhelming
numbers of new forms discovered was so great that new species and genera were given very
brief descriptions, often without illustrations, and little time was devoted to more careful
revisionary taxonomic study.

The first proposals for the classification of mites in the beginning of the 1800’s, were based
on their morphological similarities, such as Hermann (1804). At that time, the taxonomic
value of different structures was not yet understood. Initial classifications were based on
characteristics of the gnathosoma (palp, chelicera, epistome) and idiosoma (shape, degree
of sclerotisation, degree of fusion of dorsal plates), as well as the number of legs. Other
characteristics taken into account included the respiratory system, followed by the extent
and degree of fusion of the ventral idiosomatic plates. More recently, information from
the chaetotaxy of the idiosoma and appendices, the basic types of setae, the presence and
constitution of the pretarsi, and the spermathecae, was added to the analysis.

Berlese (1896) published a detailed account of the variation in the digestive system in mites
in general, referring to previous works on that subject published by other authors. However,
Micherdzinski (1966) pointed out that these structures were not useful in identifying major
mite groups. Oudemans (1906) developed a classification based on the characteristics of the
respiratory system, but most of his taxa and the names he applied to them did not survive
revisions by later authors.

Many different classification systems for the suprageneric groups of mites have been
proposed (Table 3). Differences between these systems reflect differing opinions as to the
taxonomic importance of different sets of structures. The discovery of new taxa and new
character states of the selected structures led to many changes in the concepts of previously
recognised taxa. The resulting classifications are only of historic interest, but they represent
important steps in the development of the modern system (Figure 1).

Table 3 Authors proposing different mite classification systems.

Hermann (1804) Trouessart (1892)
Latreille (1806, 1810) Berlese (1899, 1913)
Leach (1815) Oudemans (1896-1936)
von Heyden (1826) Banks (1915)

Duges (1834a) Vitzthum (1931, 1942)
Sundevall (1835) Hirschmann (1938-1946)
Koch (1842) Johnston (1965)

Gervais (1844) Krantz (1970, 1978)
Nicolet (1855) Evans (1992)

Gervais and van Beneden (1859) Krantz and Walter (2009)

Kramer (1877) + Canestrini (1891)

Many authors attempted revisions of these early systems of mite classification, including
Gervais (1844), Trouessart (1891), Oudemans (1896a), the monumental contribution by
Vitzthum (1943), and importantly the textbook by Baker and Wharton (1952). The influential
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; R No such distinct spiracle in a stigmatal plate on each side ..... 1 |
{ Diserotricha. 3. Hypc large, furnished below with many recurved teeth . . IXOIDEA

Astigmata | Monacrotricha. Hypostome small, without teeth .... PARASITOIDEA
Anacrotricha, 4. Body usually coriaceous, with few hairs ... ORIBATOIDEA

Lipostigmata. Demodicid Body softer 5
Xemiostigmata. Tetrapodili. LN G I WK seisssiestsasmesssenssnsssasavesvasnisssnssmammssnesse suassssasssessasess HYDRACHNOIDEA
Not living in water 6

6. Palpi small, three jointed SARCOPTOIDEA

Palpi usually of four or five joints 7

7. Last joint of palpi never forms a “thumb” . EUPODOIDEA

Last joint of palpi forms a “thumb” ...........

.. TROMBIDIOIDEA

Figure 1 Examples of early classification systems of Acari and related groups by A — Hermann (1804); B — Leach (1815), as summarised by
Gervais (1844); C — Duges (1834a); D — Canestrini (1891), as summarised by Trouessart (1892); E — Oudemans (1906); F — abstract of a key
of Banks (1915).

de Moraes G. J. et al. (2025), Acarologia 65(3): 647-676. https://doi.org/10.24349/q3gy-1vyg 653


https://www1.montpellier.inrae.fr/CBGP/acarologia/
https://doi.org/10.24349/q3gy-1vyg

Acaroloaia

work published by Johnston (1965) represents an important transition between the initial
and later proposals, especially in the increased subdivision of the Acariformes (Table 4).
Significantly, Donald Johnston was the scientific coordinator of the Acarology Summer
Program at the Ohio State University, and the views presented there proved to be very
influential in the development of modern acarology.

Table 4 Orders and suborders of the subclass Acari, according to Johnston (1965).

Order Opilioacariformes Order Acariformes
Suborder Opilioacarina (or Notostigmata) Suborder Tetrapodili
S. Eleutherengona
Order Parasitiformes S. Tarsonemini
Suborder Holothyrida S. Labidostommei
S. Mesostigmata S. Parasitengona
S. Ixodides S. Endeostigmata
S. Palaeacari
S. Oribatei
S. Acaridei

Molecular data is being taken into account to an increasing degree as a source of information
in systematics, including in Acarology. This new tool is playing a growing role in the analysis
of the classification of the taxa described at all taxonomic levels, and has largely confirmed
early decisions based on characteristics of the respiratory system, such as those of Kramer
(1877) and Canestrini (1891).

Basic structure of the Mesostigmata

Berlese (1892) presented an early detailed characterization of Mesostigmata, using the basic
structures of a typical species. These structures are shown in Figure 2 of this publication. This
group is commonly used as a model for training in the skills required for dissection, illustration
and recognition of mite structures, because they clearly display the structures used in the
identification of most mite species. Early acarologists such as Mégnin (1876) and Michael
(1892) considered them the most highly organised of all mites.

The most important diagnostic character state for the Mesostigmata is the presence of a
pair of respiratory openings (the stigmata), generally between the insertions of legs III and IV
(Figure 3), or less commonly between legs II and III. Internally, the openings lead to a complex
system of ducts, called tracheae, which allow the entry of air to all parts of the organism.
Externally, each opening is usually connected to a latero-longitudinal furrow called peritreme.
Details of these structures were first reported long ago by authors including Mégnin (1876) and
Kramer (1877). Mégnin (1876) believed the peritreme had a protective role in preventing the
entry of dust into the tracheae, but that it may also be an air storage structure.

The gnathosoma of these mites is composed of a pair of separate chelicerae and a pair of
palps. Each mesostigmatid chelicera is composed of three segments, the basal most of which
is distinctly shorter than the median, and the distal segment is most often a dorsal elongate
extension called the fixed digit. There is also a distal movable digit that is hinged at the base of
the fixed digit. The two digits combine together to form a scissors- or pincer-like structure. The
fixed digit most often bears a subdistal, ventral and antiaxial seta-like structure called the pilus
dentilis or, less often, a lobe-shaped structure. The fixed digit is usually delimited dorso-basally
by a transverse lyrifissure (sensory structure), next to which is the so-called dorsal seta. Another
lyrifissure is often present antiaxially on the same digit, oriented diagonally to the ventral face
of the chelicera, and lying next to the arthrodial membrane that connects the movable and
fixed digits. The fixed digit is greatly reduced in some taxa. In adult males, the movable
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Figure 2 Basic structures of a mesostigmatid mite (modified from Beaulieu, 2009 and Kazemi et al., 2014). A — dorsum of idiosoma; B —
venter of idiosoma; C — epistome; D — palp; E — chelicera; F — venter of capitulum. Abbreviations: AS, anal shield; DS, dorsal shield; ds, dorsal
seta; EN, endopodal plate; ES, epigynal shield; MP, metapodal plate; pd, pilus dentilis; PE, pritreme; PP, parapodal plate; PR, peritrematal
plate; PS, presternal plate; SS, sternal shield; TR, tritosternum. Setal designation, after Lindquist & Evans (1965) and Lindquist (1994).

digit may have an elongate structure called spermatodactyl, used for transferring sperm to the
females. Both digits can have the opposable margins smooth or variously dentate (Bowman
2021). Other structures can occasionally be found on the chelicerae, such as arthrodial brushes
or excrescences.

The palps usually have five free segments (basal to distal - trochanter, femur, genu, tibia
and tarsus), while the right and left coxae are fused to form a broad tube often referred to as
the “capitulum”, through which the chelicerae move back and forth during feeding. The most
distal palp segment (tarsus) usually bears a basal claw that can be entire or (more often) divided
into 2—4 distal branches.
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Figure 3 Respiratory system of a mesostigmatic mite, showing the stigma (opening of the respiratory system) between coxae III-IV and the

tubular tracheae.

The dorsal part of capitulum (epistome) is a thin, lightly sclerotised structure that extends to
a variable distance beyond the basalmost articulation of the palp. This structure is often lightly
sclerotised and a good quality microscope is required for its study, except for example in the
Parasitidae in which is it more strongly sclerotised (Haller 1881). The epistome can be distally
truncate, rounded, acuminate, or provided with extensions, and its margin may be smooth,
serrate or fimbriate. The ventral surface of the capitulum has a median longitudinal groove
known as the deutosternum, which bears a variable number of transverse, usually denticulate
lines (Bowman 2023), flanked by three pairs of hypostomal and one pair of subcapitular setae.
The anterior edge of the ventral surface of the capitulum bears a pair of usually conical spine-
like corniculi of different lengths. The corniculi may be membranous, truncate or bifurcate.
Between the corniculi there are one or more pairs of unsclerotised, tapering or subdivided,
fimbriate or smooth structures called internal malae. Other single (labrum, supralabral process)
or paired (salivary styli) structures may also be distinguished as parts of the gnathosoma.

The dorsum of the idiosoma is usually covered by a large dorsal shield, which can be divided
into a variable number of plates, the anteriormost of which is usually the largest. The entire
or divided shield is provided with few to many setae, a few pairs of pores (solenostomes) and
lyrifissures (poroids). Ventrally (except in some endoparasitic species), there is almost always
an elongate narrow structure arising from the membrane just posterior to the gnathosoma known
as the tritosternum. The tritosternum is usually distally divided and fimbriate, and movable by
muscular activity. It has been shown to play an important role in directing fluid food toward
the mouth, in conjunction with the deutosternum (Wernz and Krantz 1976). Posterior to the
tritosternum there is often one or more pairs of slender and transversely oriented platelets
(presternal platelets), which in turn are followed by the much larger sternal shield, which
usually bears three pairs of setae and 23 pairs of lyrifissures. The sternal shield is usually
followed posteriorly by a pair of platelets (metasternal platelets), each bearing one seta and,
often, one lyrifissure. The oopore lies behind the sternal shield, and is covered by one or more
platelets which together constitute an epigynal shield. The epigynal shield may be fused with
a more posterior ventral shield to form a genitoventral shield. The separate or fused epigynal
and ventral shields may have none to several pairs of setae and a pair of lyrifissures, or the
lyrifissures may be in the surrounding unsclerotised cuticle. At the posterior end of the ventral
idiosoma there is almost invariably a shield surrounding the anal opening (anal shield), which
is separate or may be fused with the ventral shield to form a ventrianal shield. In some groups,
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the anal shield is also fused with the neighbouring plates or with the dorsal shield. The ventral
shield bears all or part of the opisthogastric setae, while the anal shield bears three circum-anal
setae (a pair of para-anal setae and one post-anal seta). One or two platelets are found in the
soft integument behind each leg I'V, known as the metapodal platelets. External to the coxae of
each side there is an elongate structure, entire or variously fragmented, known as the exopodal
plate. A similar structure, known as the endopodal plate, entire or fragmented, is located
medial to the coxae. The anterior section of the endopodal plate is usually fused to the sternal
shield. A variously developed platelet (parapodal platelet; varying from crescent moon-shaped
to subtriangular) is often found around the posterior margin of each coxa IV.

Another (usually) slender plate supports the peritreme, and is commonly fused to the
anterolateral region of the dorsal shield (peritrematal plate). It may also be fused to the
posterior region of the exopodal plate or to the parapodal platelet.

Slightly darker and somewhat punctate or irregular patches may be visible on the inner
surface of the capitulum, and the dorsal and ventral shields. These are the sites of muscle
attachments, known as sigilla.

Each leg has six free segments (coxa, trochanter, femur, genu, tibia, tarsus), and each
usually ends in a pretarsus. Vacante and Flechtmann (2025) argued that this structure should
more appropriately be called the post-tarsus, given that leg structures are usually named from
base to apex; the term post-tarsus is occasionally used for insects and some other arachnids.
The pretarsus consists of a pair of curved claws and a median membranous structure called the
pulvillus, which is composed of three distally tapering or rounded lobes. Transversely-oriented
lyrifissures are usually found around the base of the tarsus, separating the short basitarsus and
the longer telotarsus, as well as around the base of the femur where they separate the basifemur
and the telofemur. The distal section of the tarsus of leg I is occasionally separated from the
remainder of the segment, constituting an acrotarsus.

In contrast with many other mites, the Mesostigmata do not have eyes (Mégnin 1876;
Michael 1892), trichobothria or solenidia, but they may have modified setae on the tarsi of the
palps and leg I, which appear to have a chemosensory function.

Morphological diversity of Mesostigmata

Despite the relative morphological homogeneity of most mites of this order, a considerable
level of variation can still be found (Figure 4). The differences mostly concern variation in
size, from 300 to more than 2,000 pm in length; in the shape of the idiosoma, from ovate to
worm-like; the shape and length of the chelicera, with both digits well developed or lacking a
fixed digit; the degree of development of the peritreme; and characteristics of the reproductive
structures. Other important morphological differences between species can be found in the
placement, length, and morphology of setae on the idiosoma and legs, which provide a rich
source of taxonomic information.

How are the Mesostigmata presently classified in relation to other
mites?

While the class Insecta of the subphylum Hexapoda is presently considered to comprise 28
orders (Vanin et al. 2024), the subclass Acari of the class Arachnida is presently considered
to consist of only six orders distributed in two superorders (Krantz and Walter 2009), namely
Parasitiformes (orders Opiliocacarida, Holothyrida, Mesostigmata and Ixodida) and Acari-
formes (orders Trombidiformes and Sarcoptiformes). It is not clear whether the mites as a
whole constitute a single monophyletic taxon, and the relationships between the mites and other
groups of Chelicerata remain unresolved (for example Dabert ef al. 2010; Lozano-Fernandez
etal 2019).

A comparison of the classification system in Krantz and Walter (2009) with that in (Krantz,
1978) shows that the main differences refer to the names adopted for each group, and the fusion
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Figure 4 Contrasts among the general facies of some mesostigmatid families (scale bar, 500 p): left:
Macrochelidae; center: Larvamimidae (adapted from Elzinga, 1993); right: Megalolaelapidae.

of the former order Astigmata (= Acaridida) with the former order Oribatida, to form the order
Sarcoptiformes (Figure 5). Another important change was the transfer of most families of
Endeostigmata from the Prostigmata to the Sarcoptiformes, with only two of the 12 families
remaining in the Trombidiformes. The Trombidiformes now consist of what was then referred
to as Prostigmata, except for the large part of the Endeostigmata. Mégnin (1876) had already
mentioned the closeness between “Oribatida” and “Sarcoptides”. A more recent suggestion for
change (Bolton et al. 2023) refers to the reclassification of the Eriophyoidea, moving it from
Trombidiformes into Sarcoptiformes.

Evans et al. (1961)
Krantz (1970)

Krantz (1975)

Evans (1992)

Krantz & Walter (2009)

* Notostigmata

*» Tetrastigmata

* Mesostigmata
* Metastigmata
* Prostigmata

* Astigmata

* Cryptostigmata

* Opilioacarida
* Holothyrida

* Gamasida

* Ixodida

* Actinedida

* Acaridida

* Oribatida

* Notostigmata
* Holothyrida
* Mesostigmata
* Ixodida
* Prostigmata
» Astigmata
* Oribatida

* Opilioacarida
* Holothyrida
* Mesostigmata
* Ixodida
* Trombidiformes
B
* Sarcoptiformes

Figure 5 Most recent classification systems of the subclass Acari. A — superorder Parasitiformes; B
— superorder Acariformes.
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Main contributors to the taxonomy of Mesostigmata

A large number of acarologists has contributed to the development of the understanding of mite
morphology and the subsequent determination of the relationship between the Mesostigmata
and other mite groups. In this work we provide a pictorial representation of those that most
significantly participated in that process in different parts of the globe, including the deceased
as well as representative leading active acarologists (Figures 6-9). Many of the acarologists
currently working in Mesostigmata can be found in the databases cited in Table 8.

R SWEDEN TR

Linneus (1707-1778), De Geer . AP P "
Edland (1923-1999) - .
(also Netherlands) (1720-1778), Micherdzinski (1908-1980), Wisniewski (1935

?g:;:u s Sundevall (1801-1875), Tragérdh Zozg;EE:;i'S;aEk;;iﬁjom' S
’ (1878-1951)
ITALY Stary UKRAINE
Canestrini (1835-1900), Berlese (1863-1927), Shcherbak(1930-2022),
Filipponi (1915-1974), Ivancich-Gambaro (1914- ARMENIA Kolodochka, Sklyar, Trach
1996), Pegazzano, Ragusa, Duso, Tsolakis Arutunjan  BULGARIA HUNGARY
DENMARK Beron Kontschén
Miiller (1730-1784), Fabricius (1745-1808) SLOVAKIA BELGIUM
FRANCE Masan, Fenda  Faijn (1912-2008)
Latreille (1762-1833), Hermann (1768-1793), Duges SWITZERLAND
(1797-1838), Trouessart (1842-1927), Grandjean (1882- Schweizer (1887-1960),
1975), Athias-Henriot (1921-2004), Kreiter, Tixier Haller (1853-1886)
GERMANY UNITED KINGDOM
Schrank (1747-1835), Koch (1778-1857), Heyden (1793-1866), Leach (1791-1836), Michael (1836-1927),
Kramer (1842-1898), Vitzthum (1876-1942), Willman (1881- Hirst (1883-1930) , Sheals (1923-1989),
1968), Sellnick (1884-1971), Stammer (1899-1968), Dosse Evans (1924-2017), Bowman
(1904-1997), Hirschmann (1921-1993), Karg (1927-2016) RUSSIA
The NETHERLANDS GREECE Wainstein (1918-1981), Zachvatkin (1905-
QOudemans (1858-1943), Papadoulis, Emmanouel, 1950), Bregetova (1913-1996), Lange
Faraji Stathakis (1921-1996), Beglyarov, Makarova, Vinarski

Figure 6 Examples of European acarologists contributing to knowledge about morphology or sys-
tematics of the mesostigmatid mites.

A quick inspection of Figures 69 suggests that the early work on systematics of Mesostig-
mata was dominated by European acarologists. The most influential early contributions came
from naturalists in Scandinavian countries, followed by French, then German, Italian, Dutch
and British acarologists. Contributions of French, German and Italian acarologists were
summarised respectively by Bertrand et al. (2008), Alberti (2005) and Ragusa (2002). North
Americans only became significantly involved in this process in the beginning of the 20th
century, followed by the Russian school and the more recent growth in contributions from
South America, Australia and Africa.

According to Oudemans (1896b), Leach (1815) was the first to propose the establish-
ment of a group of “Gamasus-like mites” (the present-day Mesostigmata), which he called
“Gammasides”, consisting of a single genus, “Gammasus”. Lists of related names and the
corresponding references were presented by Berlese (1892) and Oudemans (1896b). A few
years after Leach’s publication, Gamases was used by Duges (1834a) to refer to a group
that he termed “family”, mostly composed of genera currently placed in the Mesostigmata
(Dermanyssus, Gamasus, Pteroptus and Uropoda) as well as Argas, which is now placed in
the order Ixodida. Gervais and van Beneden (1859) presented what they considered to be the
nine-member mite groups. Referring to those same groups, Mégnin (1876) called for the need
to combine two of them, Gamasides and Ixodides, based on the constitution of the chelicera,
presence of peritreme and location of the respiratory openings. A group composed of the
present-day Mesostigmata and Ixodida was established as the order Mesostigmata by Berlese
(1899) and as the suborder Peritremata by Ewing (1913), who also mentioned the closeness
of Argas and “Ixodes”. Mégnin (1876) also provided detailed characterisations of the genera
then included in Gamasides (Gamasus, Pteropus and Uropoda). Based on the characteristics
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ARGENTINA
Lareschi

PERU
Guanilo

CANADA
Nesbitt (1913-2022), Chant (1928-2007),
Lindquist, Beaulieu

ECUADOR
Karg

BRAZIL

Fonseca (1900-1963), Amaral
(??7?), Pereira (1906-1958), Pereira
Castro (1921-1994), Sellnick
(1884-1971), Moraes, Gondim Jr.,
Ferla, Lofego, Mineiro, Demite,
Castilho

USA

Banks (1868-1953), Ewing (1883-1951), De Leon
(1902-1966), Strandtmann (1910-1996), Wharton
(1914-1990), Tipton (1920-2001), Baker (1914-2005),
Hunter (1927-1978), Muma (1916-1989), Johnston (?-
1994), Denmark (1921-2021), Radovsky (1929-2010),
McMurtry (1932-2017), Krantz, Prasad, Klompen,

Gettinger
VENEZUELA
Furman (1915-2000),
Aponte (1945-2022)
CENTRAL AMERICA
Denmark (1921-2021),
Evans
CHILE
Casanueva
COLOMBIA

Mesa, Rueda-Ramirez

Figure 7 Examples of American acarologists contributing to knowledge about morphology or sys-

tematics of the mesostigmatid mites.

of the gnathosoma and the first pair of legs, he considered the Uropodina to represent a link, or
an evolutive stage, between insects and Arachnida, but that possibility was not fully discussed.
Kramer (1881) referred to Gamasidae, a group composed of essentially the same suprageneric
taxa mentioned by Dugeés (1834a), but not including 4Argas. Kramer also specified the genera
included in the groups previously proposed by Duges (1834a) and by himself: Pteroptina (with
Pteroptus Dufour, a junior synonym of Spinturnix von Heyden); Uropodina — Trachynotus and
Uropodus; and Gamasina — Dermanyssus, Gamasus and Sejus. Canestrini (1891) was the first
to use the name Mesostigmata to designate this order, placing in it the mites with stigmata
between the second and third or between the third and fourth coxae.

INDIA
Bhattacharyya,
Gupta, Karmakar

TAIWAN
Tseng, Ho, Lo, Liao

ISRAEL
Costa (1922-1992), Swirski (1921-2002)

KOREA
Ryu

CHINA

IRAN
Hajizadeh, Joharchi, Kazemi, Nemati, Ahadiyat

TURKEY
Cobanoglu, Déker

PAKISTAN
Chaudhri

JAPAN
Ehara (1928-2008), Takahashi,
Takafuji, Asanuma, Ishikawa

PHILIPPINES
Delfinado-Baker, Corpuz-Raros

Wang, Wu, Ma, Teng

Figure 8 Examples of Asian acarologists contributing to knowledge about morphology or systematics

of the mesostigmatid mites.

At the end of the 1800’s and the beginning of the 1900’s, there were disagreements among
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acarologists in relation to the existing number of mesostigmatic families. Based on Beaulieu
et al. (2011), the first mesostigmatic families (in the present sense of this taxonomic rank)
reported in the literature seem to have been Dermanyssidae Kolenati, 1859; Uropodidae Kramer,
1881; Epicriidae Berlese, 1885; Sejidae Berlese, 1885; Iphiopsidae Kramer, 1886; Laclapidae
Canestrini, 1891; and Zerconidae Canestrini, 1891.

ALGERIA
Athias-Henriot (1921-2004)

EGYPT
Zaher (1927-2022), Nasr, El-Badry,
Abo-Shnaf
TUNISIA
Kreiter
MOROCCO
Kreiter
BENIN
Zannou (1962-2014), Yaninek NEW ZEALAND
Collyer (1926-1988),
KENYA Schicha (1938-2021)
El-Banhawy, Knapp, Wekesa
AUSTRALIA
SOUTH AFRICA Womersley (1889-1962), Lee (1933-
Zumpt (1908-1985), Ryke (1925-2011), 1994), Domrow (1931-2022), Schicha
Loots (1939-2012), Theron (1945-2021), (1938-2021), Walter, Halliday, Beard

van der Merwe, Ueckermann

Figure 9 Examples of acarologists from Africa and Oceania contributing to knowledge about mor-
phology or systematics of the mesostigmatid mites.

Canestrini (1891) considered the existence of six families (Demanyssidae; Gamasidae;
Laelaptidae; Nicoletiellidae Canestrini, 1891; Uropodidae; and Zerconidae). Nicoletielli-
dae was considered a junior synonym of Labidostommatidae Oudemans, 1904 (currently
Trombidiformes) by Bertrand (1990). Berlese (1899) included two groups in the order
Mesostigmata, Gamasida and Ixodida. In turn, Gamasida was considered to include eight fam-
ilies (Antennophoridae, Celaenopsidae, Dermanyssidae, Gamasidae, Laelapidae, Pteroptidae,
Uropodidae and Zerconidae) and Ixodida to include two (Argasidae and Ixodidae).

Oudemans (1903) considered the Mesostigmata to consist of three families, namely
Parasitidae (then indicated to be a senior synonym of Gamasidae), Spelaeorhynchidae and
Ixodidae. He considered Parasitidae to contain nine subfamilies, all of which had been
considered at the family level by previous authors, and these groups were all once again treated
at the family level by Oudemans (1906).

Years later, Vitzthum (1943) considered Laelapidae to consist of 13 subfamilies, most of
which had also been considered by other authors at the family level (Beaulieu et al. 2011).
Tragardh (1938, 1946) proposed a classification of the Mesostigmata that comprised 13 new
families, including new information from the extent and fusion of the plates covering the genital
opening. Camin and Gorirossi (1955) extended that idea and established two more families in
the suborders Monogynaspida and Trigynaspida, as well as the infraorders Antennophorina and
Cercomegistina. More recently, Lindquist ef al. (2009) and Beaulieu ef al. (2011) moved part
of the Monogynaspida out to constitute the suborder Sejida Kramer, 1885 (originally spelled as
Sejina), as shown in Table 5.

Hence, based mostly on the information provided by Beaulieu et al. (2011), it can be
concluded that the major recent changes in the classification of the Mesostigmata included (a)
an increase in the number of superfamilies from one (Parasitoidea) in Banks (1915) to seven
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Table 5 Major groups of Mesostigmata (after Beaulieu et al., 2011).

Suborder Sejida Suborder Monogynaspida
Sejoidea Infraorder Uropodina
Heterozerconoidea Microgynioidea
Thinozerconoidea
Suborder Trigynaspida Diarthrophalloidea
Infraorder Cercomegistina Uropodoidea
Cercomegistoidea Infraorder Gamasina
Infraorder Antennophorina Epicrioidea

Aenictequoidea
Antennophoroidea
Celaenopsoidea
Fedrizzioidea
Megisthanoidea
Paramegistoidea
Parantennuloidea

Heatherelloidea
Zerconoidea
Arctacaroidea
Parasitoidea
Veigaioidea
Eviphidoidea
Rhodacaroidea

Dermanyssoidea
Ascoidea
Phytoseioidea

in Krantz (1978), to ten in Lindquist et al. (2009); (b) the addition of numerous new families
since the publication of Krantz (1970) — 17 families in Uropodina, 11 in Trigynaspida, one in
Rhodacaroidea, one in Zerconoidea, one in Dermanyssoidea and one in Heatherelloidea; (c)
the addition of two new families of Ascoidea by Lindquist and Moraza (2014, 2023).

Among key contributors for the understanding of the morphology and or taxonomy of the
Mesostigmata, Micherdzinski (1966) highlighted the works of H. Vitzthum, A. Berlese, A.C.
Oudemans, 1. Tragardh and K. Viets. One should also include A.D. Michael, mostly active in
the late 1800°s and early 1900’s, concerning details of the internal morphology (e.g., Michael
1892), as well as N.G. Bregetova, G.O. Evans and E.E. Lindquist. Among the many major
contributions of the latter two authors, one should list their contribution to the adoption of
chaetotaxy and setal nomenclature, extensively used today for mites of this order (Evans 1963;
Lindquist and Evans 1965). Add to that the publications about the Laelapidae mites from the
United Kingdom by Evans and Till (1965, 1966, 1979), which established a model for similar
publications about mesostigmatic mites in general across the world.

Major contributions were also made by C. Athias-Henriot, including the determination
of the variability of the morphology of the spermathecal structures of Mesostigmata, and
the possibility of using this information for taxonomic purposes (Athias-Henriot 1968). A
substantial period of time was required from the early report of mesostigmatic spermathecae in
the beginning of the 19th century (referred to as “copulatory structure”, by Oudemans 1905) and
the detailed study by Athias-Henriot. The contribution of the latter author was also important in
the determination of the arrangement of pores and lyrifissures of Mesostigmata (Athias-Henriot
1975). Many other prominent acarologists are still making important contributions to the
Mesostigmata, but space limitations prevent our discussing them all in detail.

Increasing numbers of named Mesostigmata

In parallel with the growing numbers of descriptions of mites in general, the number of
descriptions of Mesostigmata has increased considerably, jumping from three species in a
single genus in 1758 to approximately 12,000 species in almost 900 genera and 109 families
in 2011 (Table 6). However, the rate of description of new families per decade has begun to
decrease (Figure 10), probably because poorly studied areas have still not received adequate
attention, including many countries in Africa, Asia and the Americas. The seven most speciose
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Table 6 Trend of the numbers of described Mesostigmata, according to specified sources.

Linnaeus Leach Dugés Koch Canestrini Vitzthum Baker et al. Beaulieu et al.
(1758) (1815)  (1834a)  (1842) (1891) (1931) (1958) (2011)
Families - 7 1 1 6 39 62 109
Genera 1 16 4 10 34 259 - 880
Species 3 - 16 127 - - - 11,424

Figure 10 Rate of descriptions of new families of mesostigmatid mites.

families of Mesostigmata now contain about 50% of all species of this order (Table 7, based on
Beaulieu et al. 2011). Phytoseiidae is by far the most speciose, with about 2,700 valid species,
followed by Laelapidae, with an estimated 1,700 species.

Table 7 Most speciose families of Mesostigmata (approximate numbers of valid species).

Family Number Source

Phytoseiidae 2,700 Demite et al. (2024)

Laelapidae 1,700 This publication

Rhinonyssidae 510 Beron (2020)

Zerconidae 500 Mohammad-Doustaresharaf et al. (2023)
Macrochelidae 470 This publication

Ologamasidae 472 This publication

Parasitidae 426 Beaulieu et al. (2011)

Development of consolidated databases

Advances in internet technology in the last few decades have made it possible to compile
databases and catalogues of taxonomic information of several mesostigmatic families (Table
8). This is considered a positive trend for at least two reasons. First, to demystify what is
effectively known about the taxonomy of those groups, given the widespread distribution of
those publications. Second, to facilitate access to the available information by new researchers
of each group.

Special attention will be given to Phytoseiidae in the subsequent section of this publication.
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Table 8 Available data bases on Mesostigmata; as indicated, some available on the internet.

Ameroseiidae (Masan, 2017)
Ascidae (www.lea.esalq.usp.br/acari/ascidae/)
Blattisociidae (www.lea.esalq.usp.br/acari/blattisociidae/)

Dasyponyssidae, Dermanyssidae, Entonyssidae, Halarachnidae,
Hystrichonyssidae, Macronyssidae, Manitherionyssidae, Raillietiidae,
Spelaeorhynchidae (Beron, 2014)

Laelapidae (Moraes et al., 2022)

Melicharidae (www.lea.esalg.usp.br/acari/melicharidae/)
Ologamasidae (Castilho et al., 2016)

Parholaspididae (Quintero-Gutiérrez and Halliday, 2021)
Pachylaelapidae (Ma$an and Halliday, 2014)
Phytoseiidae (www.lea.esalq.usp.br/phytoseiidae/)
Podocinidae (Barros et al., 2020)

Rhodacaridae (Castilho et al., 2012)

Rotundabaloghiidae (Kontschan, 2016)

Rhinonyssidae (Beron, 2020)

Spinturnicidae (Beron, 2020)

Trachyuropodidae (Kontschan and Ermilov, 2023)
Uropodina (Wisniewski and Hirschmann, 1993; Kontschan, 2024)

As to other families (Laelapidae, Ascidae, Blattisociidae and Melicharidae), an analysis of
the available data suggests a peak of the number of species described, between 1960 to
1969. The cause for this trend was not determined, but could be related to the establishment
of two scientific journals totally dedicated to the publication of acarological themes at that
time (Acarologia and International Journal of Acarology), and to the establishment of the
International Congresses of Acarology.

Practical importance of Mesostigmata

As presently interpreted, Mesostigmata is the group of Parasitiformes containing by far the
largest number of species (over ten times more than the second most speciose order, Ixodida).
But what is known about the practical importance of mesostigmatic species? Bregetova (1966)
presented a discussion of the economic importance of the Mesostigmata in agriculture and
human and veterinary medicine, and that review should now be revised to incorporate more
modern trends.

Mesostigmata are not known to cause major damage to wild or cultivated plants, despite the
fact that some have been reported to obtain some nourishment from plants, as first assumed by
Gilliatt (1935) and later proved by other authors (Porres et al. 1975; Adar et al. 2012) for mites
of the family Phytoseiidae. Some species of Uropodina (especially Uropoda abnoxia Reuter)
have been reported to attack the base of some horticultural crops when at high population levels
in protected cultivations, as summarised by Bregetova (1966). It is well known that pollen is
an important source of food for some phytoseiids (McMurtry ef al. 2013), while some species
of Ameroseiidae, Melicharidae and Phytoseiidae are known to develop and reproduce when
feeding on nectar, as discussed in Moraes et al. (2015).

Several species of Mesostigmata are known to feed on fungi (as extensively discussed in
different chapters of Carrillo et al. 2015), and they may be numerous in cultivated fungi or in
laboratory fungal cultures, but none is considered a pest of cultivated mushrooms (Flechtmann
1976; Moraes et al. 2015). Some Uropodina have been blamed for the overexploitation of food
added in commercial production of earthworms (Bregetova 1966).
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Parasitic on birds
* Dermanyssidae
* Laelapidae
*+ Macronyssidae |
* Rhinonyssidae

-+ Dermanyssus gallinae .

— Ornythonyssus sylviarum
— Sternostoma tracheacolum

Parasitic on reptiles
Entonyssidae

*« Omentolaelapidae

¢ Hystrichonyssidae

* Ixodorhynchidae

* Macronyssidae

Parasitic on mammals
* Dasyponyssidae
* Dermanyssidae

* Halarachnidae, Raillietinae —+ Raillietia spp.

Parasitic on arthropods
« Laelapidae
* Otopheidomenidae

Varroa spp. =+ Varroidae

« Laelapidae
* Macronyssidae
* Manitherionyssidae
* Spinturnicidae
* Spelaeorhynchidae

» Laelaps spp., etc. Predators of invertebrates
=+ Phytoseiidae

= Laelapidae

+* Macrochelidae

* Parasitidae

Phytoseiulus persimilis
Stratiolaelaps scimitus

Macrocheles spp.

+ Zerconidae
=+ Rhodacaridae

Protogamasellopsis spp.

Figure 11 Groups of Mesostigmata of economic importance.

An early account on the importance of the Mesostigmata as parasites of vertebrates
and invertebrates was published by Gervais and van Beneden (1859). Many families of
Mesostigmata contain species reported as parasites of those organisms (Bregetova 1966;
Lindquist et al. 2009) (Figure 11). Some species have been reported to bite humans and cause
harmful skin reactions. A detailed account of the morphology, biology, behaviour, type of
effect on the parasitised vertebrates (especially of medical importance) and control of these
mites was presented by Alexander (1984). These mites are especially important in poultry
houses, where they cause serious health problems to chickens, and attack human workers.
They have been extensively studied as possible parasites or vectors of organisms pathogenic
to humans and wild and domesticated animals (Tiraboschi 1904; Strandtmann and Wharton
1958; Bregetova 1966). The most important species include Dermanyssus gallinae (DeGeer)
(Dermanyssidae) and Ornithonyssus sylviarum (Canestrini & Fanzago) (Macronyssidae), both
parasites of chickens. Others are important endoparasites in the nares of birds (Rhinonyssidae)
or the ears of domesticated ruminants (Halarachnidae, Raillietinae). Also important are Varroa
species (Varroidae), which play an important role as parasites of honeybees worldwide (Klimov
et al. 2016). Strandtmann and Wharton (1958), Bregetova (1966), Lindquist et al. (2009)
and Radovsky (2010) also provided valuable reviews of parasitic Mesostigmata. Work on the
association between Mesostigmata and pathogens of different groups was reviewed in detail
by Bregetova (1966). A recent revision of basic aspects of the mesostigmatic families of
vertebrate parasites was recently published (in Portuguese) by Barros-Battesti ez al. (2024),
dealing mostly with the species found in Brazil.

Some species of Uropodina, especially Fuscuropoda agitans (Banks), prey on earthworms
(Stone and Ogles 1953). Additionally, several species of different mesostigmatic families
(mainly Phytoseiidae, Laelapidae and Macrochelidae) have been reported to play a role as
natural enemies of harmful arthropods (see different chapters in Carrillo ef al. 2015). Some of
these have been mass-produced under controlled conditions for commercial use as biological
control agents, especially some species in the family Phytoseiidae.
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Phytoseiidae

This group was first reported by Berlese (1916) as the tribe Phytoseiini of the family Laelapidae,
and was raised to the family level by Baker and Wharton (1952). A detailed account of the initial
studies of the morphology, taxonomy, biology and possible importance of the Phytoseiidae
for pest control was published by Chant (1959a) in the first issue of the first volume of
Acarologia. Phytoseiidae is composed of species considered beneficial for their predatory
behaviour on harmful mites and insects (McMurtry et al. 2013, 2015). Hence, in her evaluation
of the economic importance of Mesostigmata in agriculture, Bregetova (1966) mentioned the
expectation then held for the possible use of phytoseiids as biological control agents. A few
years later, a revision of the importance of phytoseiid and other predatory arthropods in the
biological control of harmful organisms was published by Huffaker et al. (1970).

In contrast to most other mesostigmatic families, phytoseiids are mainly plant inhabitants,
and only a minority can be found in the soil. The inability of mites of most other mesostigmatic
families to remain on plants is probably related to their requirement for high humidity levels.
This seems consistent with the presence of some members of other families on (at least) low
growing plants at night (Esteca ef al. 2021), when air saturation deficit reaches the lowest
levels. This trend favours the phytoseiids, by releasing them from competition with other mites
of the same guild. Some other arboreal groups such as the Stigmaeidae (Trombidiformes) have
been shown to interfere with and compete with phytoseiids (Fan and Flechtmann 2015).

Presently, phytoseiids constitute the most important group of predatory mites used commer-
cially for the biological control of mite and small insect pests, in all three types of biological
control strategies: classic, conservation and augmentation. Over 35 species of this family
have been commercially mass produced and sold to growers for pest control around the world
(van Lenteren 2012; Knapp et al. 2018; van Lenteren et al. 2018), especially of spider mites
(Tetranychidae), whiteflies (Hemiptera) and thrips (Thysanoptera). These mites are naturally
found on both cultivated plants and natural vegetation. They move quickly when disturbed
or in search of prey, but during the day they usually hide most on the underside of the leaves,
along the main veins. Others protect themselves by hiding in the growing tips of plants or in
domatia (McMurtry et al. 2015), or within natural refuges in the structure of the plant (Beard
and Walter 2001). They are rather uniform morphologically, but some unusual forms have been
recently reported from different habitats, such as the Neotropical forests (Figure 12), bearing
setae that are uncommon in this family, or unpaired setae, among other differences.

Table 9 shows records of the numbers of described phytoseiid species from different
sources. Despite a reduction in the rate of new species discovery, the absolute number of
species described is growing continuously. An evaluation of the number of phytoseiid species
described in each decade (Figure 13) shows a pattern similar to that reported for mesostigmatic
mites in general. A peak in the number of species described in 1960-1969 was followed by
a slight reduction in the number of new species described in recent decades. Yet, the data
suggest a continuously growing trend for the number of publications about taxonomy since
1950. Hence, efforts to understand these mites have increased, potentially contributing to
improvements in their conservation and use.

What are the factors contributing to that growth? Certainly, the first two revisions of the
phytoseiid mites (Nesbitt 1951; Chant 1959b) were fundamental for the establishment of the
basis on which the extensive successive works could be conducted. Only 26 species of the
group presently known as Phytoseiidae (then as a subfamily of Laelapidae) were mentioned by
Nesbitt (1951), most of which had been described previously by other authors. Just a few years
later, Chant (1959b) reported 148 species, including 38 new species, as well as a few species
that were overlooked by Nesbitt (1951) and many species that had been published since 1951.

The subsequent series of revisions by Chant and Yoshida-Shaul during the 1980°s and
1990’s, followed by the publication of the two editions of the Phytoseiidae Catalogue (Moraes
et al. 1986, 2004) were important in facilitating the work of new taxonomists interested in
studying these mites. The comprehensive revision of the family by Chant and McMurtry from
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Neoseiulus

Amazoniaseius

Figure 12 Phytoseiid mites; left: most usual setal pattern (modified of Cavalcante ef al., 2017); right: uncommon setal pattern (modified of

Demite et al., 2017).

the 1990’s to the 2000°s, a series of revisionary works by different authors around the globe,
and the creation of the Phytoseiidae Database in 2014 (Demite ez al. 2014), further contributed
to the development of study of mites of this family. References to the papers by Chant and
co-workers can be found in Demite et al. (2024).
The interest by the private sector in the commercial development of biological control was
also important in the evolution of our knowledge of these mites. This interest has prompted
private companies to collaborate with research institutions, including the establishment of
research units dedicated to the experimental evaluation of prospective species. The commercial
use of predatory mites depends on the successful development of mass-rearing methods, and
the difficulties involved in that process mean that only a few species have been used in this way

on a large scale.
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Figure 13 Trend in phytoseiid species description (left) and in taxonomic publications along time, worldwide.
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Table 9 Number of described Phytoseiidae taxa according to specified sources.

Species Genera References

26 4 Nesbitt (1951)

148 9 Chant (1959b)
1,500 79 Moraes et al. (1986)
2,200 67 Moraes et al. (2004)
2,416 91 Demite et al. (2014)
2,985 102 Demite et al. (2024)

Despite the great diversity of the Phytoseiidae, about 83% of all known species belong
to one of the ten most speciose genera (Table 10). However, the search for new biological
control agents should not be limited to those genera. At least two of the most commonly used
phytoseiids internationally belong to the genus Phytoseiulus, which has a relatively restricted
natural distribution in southern South America, and low diversity, with only four species.

Table 10 Most speciose phytoseiid genera in 2024 (approximate numbers of valid species).

Genus Main habitat Number of species
Typhlodromus Temperate 464
Amblyseius High humidity 389
Neoseiulus World 382
Phytoseius Temperate 232
Euseius Tropical 218
Proprioseiopsis ~ World, soil 149
Typhlodromips  Subtropical 102
Transeius World 64
Scapulaseius Asia, Oceania 63
Kuzinellus World (uncommon in tropics) 53

Suggestions to increase the understanding and practical use of
Mesostigmata

Priority studies aimed at better understanding the Mesostigmata and expanding their practical
use are certainly tied to the particular geographic location under consideration. In some regions,
virtually nothing is known about the local fauna, whereas in others, at least some knowledge
about the species composition and perspective for their use is available. Taking that into
consideration, we present a list of subjects considered relevant at this stage to promote the
practical use of those mites (Table 11).

In terms of research, we emphasise the need to continue the efforts to synthesise the data
that has already been published, including databases of taxonomy and biology. The present
easy access to searching tools in the internet has tremendously facilitated this type of work.
Some work has been done in this area but much more can be achieved, as some mesostigmatic
groups or some geographic regions have still not received the attention they deserve. In
terms of taxonomy, not only written information should be synthesised, but effort should also
be dedicated to the establishment of image libraries, especially of type specimens, making
the images available electronically, eliminating the need for the eventual shipment of type
specimens by regular mail for taxonomic evaluation. That could prevent not only their eventual
damage or loss during transport, but also a more thorough and permanent registration of their
morphological features. One such image library is available as VIRMISCO — The Virtual
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Microscope Slide Collection, at the Senckenberg Museum of Natural History, Gorlitz (Decker
etal 2018).

For the same reason, and of similar importance, is the preparation of more detailed original
descriptions or redescriptions of taxa, based on a reasonable number of type specimens and
measurements of taxonomically relevant structures of all types, to allow a study of their
morphological variability (Tixier 2012). Detailed illustrations, whenever possible including
good quality photographs, are also desirable.

It has become progressively easier to include molecular data in descriptions of new taxa.
According to availability of appropriate specimens, this should also be considered, using one
of the adequate markers for the more plesiomorphic characters, for the study of phylogenetic
relationships, or more recently derived, to distinguish species. This type of information has
become progressively more common in the description of new species, but a critical analysis
of what has been achieved in this area is not yet available.

In seeking adequate representation of the members of the group, in attempting to produce
a meaningful classification system, efforts could be dedicated to the conduct of surveys in
inadequately explored regions around the globe. For example, little is known about the soil
mesostigmatic mites from most of South America and Africa. Endemic species collected in
those areas may significantly affect the concepts of their taxonomic groupings. Many examples
of considerable changes can be found in the literature. As an example, Berlese (1906) referred
to the need to change his own previous concept (Berlese 1892) of the family Gamasidae
(Parasitidae), which considered it necessary and sufficient for males to have spurs on leg II,
because of the exceptions he became aware of inside and outside of the group. A more recent
example concerns the modification of the concept of the family Ameroseiidae, given the finding
of a few new species in a new genus of this family (Endopodoseius Abo-Shnaf & Moraes),
which was distinguished from the other genera of the same family by the presence of seta J5
and divided dorsal shield, among other important features that were until recently taken as
distinguishing characteristics of the whole family (Abo-Shnaf ez al. 2023).

In terms of practical applications, biological control of pest organisms with predatory mites
has been used mostly in protected crops, or in small open fields of crops of high economic
return (e.g., strawberry, some fruit trees). However, the bulk of food around the globe is
produced in open fields, where crops are subject to attack by several mite species that are not
currently controlled biologically, most probably because of cost and difficulty in handling the
natural enemies under those conditions. Efforts could be dedicated to change this pattern. The
use of biological control with predatory mites in extensively grown crops such as soybean and
cotton could lead to important reductions of the use of chemicals in agriculture. Hence, the
development of techniques to change that status quo is highly desirable.

Present regulations concerning biological control and conservation efforts of local fauna
and flora have made the importation of exotic biological control agents more difficult. Hence,
better use of local species becomes more desirable. For that purpose, for each promising

Table 11 Suggested priority activities for the development of the knowledge about the Mesostigmata.

Synthesis of information: taxonomic databases, photographic databases, revisionary works
Provision of quality descriptions
Complementing molecular characterisation (DNA barcoding)
Survey in underexplored areas
Training of new mite taxonomists
Main challenges for practical use:
*  Develop viable use of predatory mites in large cultivation areas
»  Conservation of predatory mites by supplying alternative food

*  Selection of predator strains with higher efficacy in the control of pest organisms
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biological control agent, the selection of populations with higher efficacy in the control of

a particular pest could be sought, making use of selection practices developed by plant and
animal breeders. The artificial selection of genotypes of promising species within the range of
its natural genetic variability has been proposed for quite a long time for different groups of
natural enemies. A recent revision on this subject was published by Lommen et al. (2017). For
predatory mites, this type of study has been conducted mostly seeking for enhanced resistance
to some types of pesticides (Hoy 1986) or, at some degree, for reduced capacity of the predator
to diapause (Veerman 1992; van Houten et al. 1995). However, several other traits could be
studied in attempts to improve the performance of predatory mites or their more economic
commercial production, such as higher predation rates (Lommen et al. 2017). For example,
Beard and Walter (2001) showed that species of Neoseiulus can be highly host plant specific
in their natural habitat, and are not the free-ranging generalist predators they were thought to
be. This finding has far-reaching implications for the efficient use of phytoseiids as control
agents. Aspects of the host plant influence the behaviour and distribution of phytoseiids
independently of prey availability and distribution (Bakker and Klein 1992; Beard and Walter
2001), so phytoseiids with specific needs in terms of host plants may not be amenable for use
as generalist predators in biological control. The phytoseiid most appropriate to a particular
host plant should be sought, and emphasis in phytoseiid studies should be redirected from diet
alone and placed on the range of specific requirements of that particular species.

This type of study, which depends heavily on genetic tools, can be adapted for the inclusion
of mites as the subject to be studied. That would require the precise determination of attributes
to be considered for selection as well as of the possible effects that such endeavour could
have on the natural populations of the same and other organisms, envisioning the better
performance of the predator with no environmental disturbances. It is also important is to study
the development of conservation practices fostering the efficacy of locally occurring predatory
mites, especially in extensively cultivated crops, when the release of commercial predators is
less suitable (Azevedo et al. 2020).
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