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Abstract

The cosmopolitan mite family Laelapidae includes both free-living predatory species and species associated with
arthropods, mammals or birds. This work presents a list of free-living and arthropod-associated species of laelapids, with
corresponding taxonomic information and references. It includes 1088 species (in addition to three subspecies) assigned to
73 genera, 61 new combinations and two new synonymies at the generic level. Laelaps (Apolaelaps) Silvestri is raised to
the generic level. Many of the species described before about 1950 are poorly characterised and cannot be classified with
confidence at the family or generic level. Hence, ten genera, one subgenus, 121 species (ca. 70% of which were reported
as Hypoaspis Canestrini or Laelaps (Hypoaspis) Canestrini) and one subspecies, are considered incertae sedis, because of
their inadequate morphological characterisation in the literature. Some of these may not even belong to the Laelapidae or
to the groups of interest for this publication. A total of 89 species, 30 genera, one subgenus, one tribe and one subfamily
previously associated with genera treated in this catalogue are now placed in other families or, less commonly, in laclapid
genera not considered here because they are considered essentially vertebrate parasites (taxa excluded). Twenty-six other
species (one cited as a “variety”) are cited as nomina nuda. An illustrated key to the 73 genera included in the catalogue
along with revised generic diagnoses are provided.

Key words: arthropod-associated mites, free-living mites, predatory mites, taxonomy

Introduction

Mites in the cosmopolitan family Laelapidae Canestrini, 1891 occupy a wide variety of microhabitats. They may be
free-living in soil and litter, or found in association with arthropods, birds or mammals. The free-living species have
received considerable attention as predatory biological control agents of agricultural pests that spend at least part
of their life in the soil. Some, e.g. Gaeolaelaps aculeifer (Canestrini) and Stratiolaelaps scimitus (Womersley), are
commercially produced for this purpose (Moreira & Moraes, 2015; Knapp et al., 2018).

Some laelapid species are considered of medical or veterinary importance as parasites, although this subject
has been little studied. For instance, Laelaps echidninus Berlese is capable of transmitting disease agents including
Rickettsia typhi, the causal agent of murine typhus in wild rodents (Turk, 1950; Mullen & OConnor, 2002). Its
potential as a vector of human pathogens remains uncertain. Some species such as Androlaelaps fenilis (Mégnin)
and Haemogamasus pontiger (Berlese) have been implicated as a cause of dermatitis in humans (Hill & Gordon,
1945; Baker et al., 1956; Halliday, 2011).

Little information is available in the literature concerning the fossil record of laelapid mites and it appears
to be limited to two species from Baltic amber. The oldest record was published by Presl (1822), as mentioned
in Dunlop & Jekel (2008), of a species referred to as Acarus resinosus Presl, and later suggested by Oudemans
(1936) to belong to Hypoaspis Canestrini. More recently, a species considered to belong to Myrmozercon Berlese
was reported by Dunlop et al. (2014), without a reference to the species name because of the lack of discernible
morphological details. The family Laelapidae is currently considered to include about 1300 species classified in
90 genera (Beaulieu et al., 2011), or 1520 species in 146 genera (Keum et al., 2017). These differences reflect the
difficulty of defining the family and its constituent genera. Dowling & OConnor (2010) reported evidence that the
Laelapidae as presently accepted is not monophyletic, clearly showing that the classification of the family is not yet
fully understood.

A brief historical review of the name Laclapidae shows the complex path that was followed during the
development of the family classification. The term “Laelaptidae”, later emended to Laelapidae (Domrow, 1963a),
was first proposed in the literature by Canestrini (1891). Canestrini classified all mites into six orders, one of
which was Mesostigmata, which was in turn subdivided into the families Nicoletiellidae, Uropodidae, Zerconidae,
Laclaptidae, Gamasidae and Dermanyssidae. He included nine genera in the Laelapidae, only one of which (Laelaps)
is still considered to belong to this family. Additionally, he included Haemogamasus Berlese, Holostaspis Kolenati
and Hypoaspis in the Gamasidae, but these three genera are now placed in Laelapidae.

A year later, Berlese (1892f), considered the Mesostigmata to consist of eight families. He added the families
Antennophoridae, Celaenopsidae and Pteroptidae to the taxa included by Canestrini (1891) in Mesostigmata, and
excluded the Nicoletiellidae. He included only six genera in the Laelapidae, of which three are still considered to
belong to this family, namely Iphiopsis Berlese, Laelaps Koch and Neoberlesia Berlese. At the same time, he moved
some genera from Laelapidae to Gamasidae.
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Oudemans (1902d) considered Parasitidae to be the same as Gamasidae, and divided the Parasitidae into nine
subfamilies, including the Laelapinae and Dermanyssinae. Tragardh (1904b, 1908) also considered Laelapinae as
a subfamily of the Parasitidae. Evans & Till (1966) placed the subfamily Laelapinae in the family Dermanyssidae,
together with seven other subfamilies, four of which have been since considered at the family level by various
authors: Dermanyssidae, Haemogamasidae and Macronyssidae (comprising mostly vertebrate parasites; Johnston,
1959; Evans & Till, 1979), and Pseudolaelapidae (free-living; Karg, 1993; Masan, 2014). The family Laelapidae,
largely equivalent to Laelapinae sensu Evans & Till (1966), is now considered as a member of the superfamily
Dermanyssoidea, which also includes 15 other families, in the classification of Lindquist et al. (2009).

Evans & Till (1966) and Casanueva (1993) provided detailed historical reviews of the subfamilial division of
Laclapidae. Disagreements between authors concerning the division of the family have been dramatic. Vitzthum
(1942) considered the Dermanyssidae of Berlese (1892) as part of the Laelapidae. He divided the Dermanyssidae
into two subfamilies (Dermanyssinae Kolenati and Liponyssinae Ewing), and the remainder of the Laelapidae
into 11 subfamilies. The Hypoaspidinae and Laelapinae are still recognised as subfamilies of Laelapidae, but their
composition varies widely. For example, Androlaelaps Berlese was placed in Hypoaspidinae by Vitzthum (1942)
and Casanueva (1993), but in Laelapinae by Karg (1965) and Radovsky (1967), while Varroa Oudemans was
placed in Hypoaspidinae by Vitzthum (1942), Varroidae by Delfinado & Baker (1974), and Melittiphinae (cited
as Melittiphidinae) by Casanueva (1993). Based on a comprehensive analysis of relationships among the free-
living and arthropod-associated Laelapidae, Casanueva (1993) proposed two subfamilies and five tribes, elevating
Iphiopsidinae to family level, but this classification is not universally accepted (e.g. Lindquist ez al., 2009; Moraza
et al.,2009; Moraza & Kazemi, 2012; Seeman & Alberti, 2015). Radovsky (1994) considered Laelapidae to include
nine subfamilies, six of which are essentially composed of obligate or facultative vertebrate parasites, leaving the
Hypoaspidinae as free-living, and Iphiopsinae [sic] and Melittiphinae as arthropod associates. A few years later,
Radovsky & Gettinger (1999) added a new subfamily to the list, Acanthochelinae, another group of vertebrate
parasites. Available molecular analyses do not provide a clearly resolved subfamilial classification (Dowling &
OConnor, 2010).

The disagreements reported above in terms of composition of Laclapidae reflect the difficulty in determining
the limits of the family using clearly defined diagnostic features. Many of the species described before about 1950
are poorly characterised and cannot be classified with confidence at the family or generic level, which casts further
doubt on the definitions of some genera. For simplicity, we have not used a subfamily classification in this work,
arranging genera in alphabetical order, and species in alphabetical order within each genus, regardless of any prior
subfamilial assignments.

The aim of this work was to elaborate a list of the free-living and arthropod-associated (some of which
arthropod-parasitic) species of Laelapidae. However, it is not easy to sort genera into distinctly parasitic and non-
parasitic groups, because vertebrate parasitism is supposed to have arisen several times within the family (Dowling
& OConnor, 2010) and because the feeding habits of most species have not been studied and are known to vary
significantly within some genera (e.g. Shaw, 2014b). Thus, we included in this work the vertebrate parasites
Haemolaelaps Berlese and Ulyxes Shaw, because they are closely related to Androlaelaps. The latter is the largest
genus, containing species of widely variable feeding habits, ranging from predators to parasites (Baker & Wharton,
1952; Strandtmann & Wharton, 1958; Radovsky, 1969; Furman, 1972; Lareschi & Mauri, 1998; Krantz, 2009;
Lindquist et al., 2009). The genus Ulyxes is mostly composed of parasites of birds and mammals but also includes
at least one species of nest-dwelling predators (Shaw, 2014b). Some other laclapid genera, as Laelaps Koch and
Haemogamasus, are also known to contain predatory species (at least facultatively so) as well as parasitic species,
but they were not included for being morphologically quite distinct from the free-living or arthropod-associated
genera.

Hence, except for Androlaelaps, Haemolaelaps, Nidilaelaps Shaw and Ulyxes, genera that have been typically
classified as Laelapinae, as well as those classified in Acanthochelinae, Alphalaclapinae, Haemogamasinae,
Hirstionyssinae, Mesolaelapinae and Myonyssinae, considered vertebrate parasites, were not included in the present
work.

Table 1 shows the laelapid genera that were not included in the catalogue for being considered to consist
exclusively (or, in some cases, essentially) of vertebrate parasites. Selected references related to those genera are
also cited in that table. The vertebrate parasitic laelapids will be the subject of a separate work.
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TABLE 1. Genera of Laelapidae containing parasites of vertebrates and excluded from this study.

Genus

Synonyms

Additional references

Acanthochaela Ewing, 1933

Aetholaelaps Strandtmann & Camin,
1956

Alphalaelaps Radford, 1951

Ancoranyssus Evans & Fain, 1968
Andreacarus Radford, 1953
Bolivilaelaps Fonseca, 1940

Brevisterna Keegan, 1949

Chalaza Domrow, 1990
Chirolaelaps Heath et al., 1987

Chrysochlorolaelaps Evans & Till,
1965b

Dipolaelaps Zemskaya &
Piontkovskaya, 1960

Domrownyssus Evans & Till, 1966
Echinonyssus Hirst, 1925b

Eulaelaps Berlese, 1903b

Gnatholaelaps Till, 1972
Gigantolaelaps Fonseca, 1939

Haemogamasus Berlese, 1889a

Hymenolaelaps Furman, 1972
Hyperlaelaps Zakhvatkin, 1948

Ischyropoda Keegan, 1951
Juxtalaelaps Dowling et al., 2007
Laelaps Koch, 1836

Laelapsella Womersley, 1955
Liponysella Hirst, 1925b

Longolaelaps Vitzthum, 1926

Sternolaelaps Zumpt & Patterson, 1951

Hirstionyssus Fonseca, 1948

Rhinolaelaps Fonseca, 1960a

Euhaemogamasus Ewing, 1933;
Groschaftella Ptivora & Samsinak,
1957; Terasterna Zhou et al., 1995

Camerolaelaps Fonseca, 1960a;
Dianolaelaps Gu & Duan, 1990;
Echinolaelaps Ewing, 1929;
Macrolaelaps Ewing, 1929;
Microtilaelaps Lange,1955b;
Myolaelaps Lange, 1955b; Rattilaelaps
Lange, 1955b; Schistolaelaps Fonseca,
1960b; Schizolaelaps Fonseca, 1958b

Geneiadolaelaps Ewing, 1929

Radovsky & Gettinger (1999)
Domrow & Taufflieb (1963)

Strandtmann & Wharton (1958), Tipton
(1960)
Tenorio & Radovsky (1979)

Fain (1991b), Dowling et al. (2007)

Strandtmann & Allred (1956),
Strandtmann & Wharton (1958)

Yin et al. (1963)

Evans & Till (1966), Tenorio & Radovsky
(1979)

Bregetova (1956), Strandtmann &
Wharton (1958), Evans & Till (1966)

Lee & Strandtmann (1967), Furman
(1972)

Keegan (1951), Strandtmann & Wharton
(1958), Williams et al. (1978)

Evans & Till (1966, 1979), Deng et al.
(1963)

Strandtmann & Wharton (1958)

Tipton (1960), Evans & Till (1966)

Shaw (2012)

Ewing (1925, 1929), Strandtmann &
Wharton (1958)

Drummond & Baker (1960)

...Continued on the next page
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TABLE 1. (Continued)

Genus

Synonyms

Additional references

Lukoschus Radovsky & Gettinger,
1999

Manisilaelaps Lavoipierre, 1956
Mesolaelaps Hirst, 1926

Myonyssus Tiraboschi, 1904

Mysolaelaps Fonseca, 1936a

Nakhoda Domrow & Nadchatram,
1975

Neolaelaps Hirst, 1926

Neoparalaelaps Fonseca, 1937b
Notolaelaps Womersley, 1957b
Ondatralaelaps Evans & Till, 1965a
Ornitholaelaps Okereke, 1968
Oryctolaelaps Lange, 1955

Patrinyssus Jameson, 1950c
Peramelaelaps Womersley, 1956a
Pseudancoranyssus Fain, 1991a
Radfordilaelaps Zumpt, 1950c
Rhodacantha Domrow, 1979¢

Rhyzolaelaps Bregetova &
Grokhovskaya, 1961

Sinolaelaps Gu & Wang, 1979b
Steptolaelaps Furman, 1955b
Thadeua Domrow, 1977

Trichosurolaelaps Womersley, 1956a

Tricholaelaps Vitzthum, 1926
Tur Baker & Wharton, 1952

Blolaelaps Gu & Wang, 1979a
Tympanospinctus Berlese, 1918
Ugandolaelaps Radford, 1942

Heterolaelaps Hirst, 1926

Tetragonyssus Ewing, 1922

Paralaelaps Fonseca, 1936b

Australolaelaps Womersley, 1956a

Protonyssus Turk, 1946

Mungosicola Radford, 1942a

Zumpt (1961)

Domrow (1958), Tenorio & Radovsky
(1974)

Furman & Tipton (1955), Strandtmann &
Wharton (1958), Strandtmann & Garrett
(1970)

Strandtmann & Wharton (1958), Tipton
(1960), Furman (1972)

Strandtmann & Garrett (1967), Shaw
(2011)

Furman (1972)
Radovsky (2010), Shaw (2011)
Evans & Till (1966)

Bregetova (1956), Strandtmann &
Wharton (1958), Deng et al. (1993)

Tenorio & Radovsky (1979)

Zumpt (1961)
Domrow (1990)
Deng et al. (1993)

Deng et al. (1993)
Strandtmann & Wharton (1958)
Tenorio & Radovsky (1979)

Mitchell & Strandtmann (1964), Tenorio
& Radovsky (1973, 1979)

Turk (1946), Furman & Tipton (1958),
Tipton (1960), Dowling et al. (2007)

Deng et al. (1993)

The genera Myonyssoides Hirst, 1925b and Pililaelaps Radford, 1947 were considered vertebrate parasitic
Laelapidae by some authors (e.g. Radford, 1950a) but they were not included in Table 1 because of their doubtful
placement in this family in its present concept. Also not included in the catalogue are the genera of the following
families (sensu Lindquist et al., 2009): Dermanyssidae, Entonyssidae, Eviphididae (= Hyletastinae), Halarachnidae,
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Phytoseiidae, Podocinidae and Rhinonyssidae (all cited as subfamilies of Laelapidae by Vitzthum, 1942);
Macronyssidae (included in Liponyssinae, Laelapidae by Vitzthum, 1942, but cited as Macronyssidae by Radford,
1950a and Radovsky, 2010); Manitherionyssidae (included in Liponyssinae by Vitzthym, 1942 and in Laelapinae
by Radford, 1950a); Ixodorhynchidae (some genera cited in Laelapinae by Radford, 1950a).

The taxa treated in this catalogue essentially represent those that have been variously included in the
Hypoaspidinae, Melittiphinae and Iphiopsidinae. In addition, a few other small genera (e.g. Cyclothorax von
Frauenfeld, Dyscinetonyssus Moss & Funk) included here were never assigned to a subfamily, and a few others
have been treated in their own monotypic subfamily (e.g. Suracarus Flechtmann in Suracarinae). The inclusion
of Iphiopsidinae as a subfamily of Laelapidae raises an important nomenclatural problem. Iphiopsidinae Kramer,
1886 (originally spelled Iphiopsidae) was established as a subfamily of Gamasidae, and pre-dates Laelaptidae
Canestrini, 1891. Thus, according to the International Code of Zoological Nomenclature (ICZN), the name of the
family should be Iphiopsididae, not Laelapidae. We have not adopted this change, for two reasons. First, the type
genus of Iphiopsididae (Iphiopsis) is very poorly known and has never been adequately described. In a detailed
discussion of Iphiopsididae, Lindquist et al. (2020) questioned the validity of the group, mentioning the inadequate
set of synapomorphies used by different authors to characterise it. Second, for the sake of stability and taking into
account the extensive use of the term Laelapidae, the latter is retained to refer to the family, but this may eventually
require a ruling by the ICZN. This decision corroborates that of Radovsky (1967).

Apart from reviews of laeclapids and relatives that are parasitic on vertebrates (e.g. Strandtmann & Wharton,
1958; Tipton, 1960; Furman, 1972; Domrow, 1987), the most extensive keys that include non-parasitic laelapid
genera and species that we are aware of are those of Vitzthum (1929) and Karg (e.g. 1971, 1993) for central Europe,
Evans & Till (1966, 1979) for the British Isles, Bregetova (1977) for soil-dwelling genera of the U.S.S.R., Krantz &
Ainscough (1990) for soil-dwelling genera of North America, and Klimov et al. (2016) for bee-associated taxa of the
world. Besides generic diagnoses scattered in the literature, Evans & Till (1966) present diagnoses for the equivalent
of 13 genera that we include in the present work, although nine of them were diagnosed merely within a key to
subgenera of Hypoaspis sensu lato included in a footnote (Evans & Till, 1966: 160). Bregetova (1977) provides
diagnoses for the equivalent of 15 genera treated here. In addition to the annotated species list, we here provide a key
to genera as well as revised diagnoses of the 73 genera of primarily free-living and arthropod-associated Laelapidae,
including those traditionally classified as Iphiopsididae.

Materials and Methods

To compile information for this catalogue, we searched a variety of online databases for publications dealing with
the family Laelapidae and its included genera. We searched books and papers in libraries held by the authors, and the
references they cite. The doctorate theses of Freire (2007) and Moreira (2014) were the basis for the preparation of
this publication, and they can be consulted for additional details. We considered publications up to December 2021
that contain descriptions of new taxa, and redescriptions or distribution records in primarily taxonomic publications.
Information presented only in short abstracts from scientific conferences was not included. The catalogue includes
the genera normally placed in the subfamilies Hypoaspidinae, Iphiopsidinae and Melittiphinae, and some non-
parasitic genera from other subfamilies. It does not deal with genera that include only parasites of vertebrates (see
introduction for more details).

The information provided in this publication begins with a morphological review of the Laelapidae, highlighting
the features of the free-living and arthropod-associated species, based on information provided in the literature and
examination of specimens of some genera that were available to us, including many of the larger, common genera
and some less common ones, such as Bisternalis Hunter, Conolaelaps Womersley, Dicrocheles Krantz & Khot,
Gecarcinolaelaps Casanueva & Johnston, Iphiolaelaps Womersley, Laelaspisella Marais & Loots, Laelaspoides
Eickwort, Melittiphis Berlese, Narceolaelaps Kethley, Neohypoaspis Delfinado et al. and Tropilaelaps Delfinado
& Baker. We then provide a diagnosis of each genus and a key for identification of the genera included in this
catalogue. That is followed by the main part of the publication, consisting of a list of the genera and constituent
species, in alphabetical order, in turn followed by lists of taxa whose taxonomic placement is uncertain (incertae
sedis), taxa mentioned in the literature but whose names are not available for various reasons (nomina nuda), and
taxa that have been excluded from the catalogue because they have been moved to other families or to subfamilies of
Laelapidae not treated here. Each incertae sedis species is listed under the genus in which it was originally described
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(if the genus has also been considered incertae sedis), or under the genus (subgenus) it was first cited among the
genera considered in this publication as free-living or arthropod associate. Finally, we provide some discussion of
our findings, and a comprehensive list of references. Given the existing disagreements in relation to the publisher
and dates of publication of the works of C.L. Koch, the citation of those works used in this catalogue were based on
the analysis of Nagel & Grieder (2019).

For each genus, the following information is provided:

. Valid name, with author and year of description;

. The generic name in its original form, with author, year, and page number of the description;

. Later references that provide redescriptions or mention the name within a taxonomic study;

. Synonyms, with the respective authors, years, and page numbers, followed by the reference in which the

synonymy was established (in square brackets) and further references providing descriptive information
about the synonymy (synonyms and other combinations are listed in chronological order based on the first
mention of the name in the literature);

. Type species (following the first mention of the genus in its original form);

. Note including comments on subfamilial assignment(s) with author and year, and explanations regarding
taxonomic or nomenclatural problems.

For each species, the following information is provided:

. Valid name, author, and year of the description;

. The species name followed by the author, year, and page of the species description; the specific name is
always used in its original spelling;

. References to literature providing information about the morphology of the species, occurrence records and
other combinations or variations of the name, including recognised misidentifications of the species;

. Synonyms, with the respective authors, years, and pages, followed by the reference in which the synonymy

was established (in square brackets) and further references providing descriptive information about the
synonymy (synonyms and other combinations are listed in chronological order based on the first mention of
the name in the literature);

. Place of deposition of the holotype (type depository), followed by the specimen number (if available). We
accepted the original statements about depositions and did not attempt to confirm them;

. Type locality, from the more specific to the more general geographic information, and habitat from which the
species was collected, according to the original description, followed (in square brackets) by the new name
of the locality and/or host (if applicable). For animal hosts, we added the names of the order and family, for
Coleoptera, subfamilies were also added; for plants and fungi, we added the names of the kingdom, order,
and family. If available, additional information about the type locality and substrate are also listed in square
brackets; authorship of host animals and plants were not given, for simplicity;

. Note, including any complicated or unusual circumstances surrounding the name of the species or its
taxonomic concept.

For generic diagnoses:

Terminology used in the diagnoses (Figs 1-2) generally follows Lindquist & Evans (1965), and secondarily Lindquist
(1994) (for opisthogastric chaetotaxy), Lindquist ez al. (2009), and the online mite glossary developed by Walter
(2005). Terminology of leg chaetotaxy (Fig. 3) follows Evans (1963a). In addition, here are some aspects clarified
and some definitions of terms that are commonly used in the generic diagnoses:

. Shape of dorsal shield (terms commonly used in italic): oval—elliptical in shape, i.e. more elongate than a
circle; suboval—somewhat oval, but with lateral margins more or less parallel (in the middle third) and/or
with “shoulders” near setae r2—3 (and therefore slightly tapered or concave anterolaterally) or with other
discrepancies relative to an oval shape; ovate—egg-shaped; obovate—inversely egg-shaped.

. Shape of idiosoma. The idiosoma is typically similar in shape to the dorsal shield, therefore oval or suboval.
The idiosomal shape is specified only when it differs from such pattern and from the shape of the dorsal
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FIGURE 1. General morphology of female Laelapidae (Gaeolaelaps Evans & Till; modified from Beaulieu, 2009 and Kazemi
et al., 2014). A, dorsal idiosoma; B, ventral idiosoma (as: anal shield; cr: cribrum; ep: endopodal plate; es: epigynal shield;
ex: exopodal plate; mp: metapodal plates; pd: parapodal plate; pa: para-anal seta; po: post-anal seta; pp: peritrematal plate;
ps: presternal plate; pt: peritreme; ss: sternal shield; st: stigma; ts: tritosternum); C, palp (pt: palp trochanter; tc: tarsal claw;
tibial and tarsal setae not shown); D, chelicera (al: antiaxial lyrifissure; ap: arthrodial process; dl: dorsal lyrifissure; ds: dorsal
seta; fd: fixed digit; md: movable digit; pd: pilus dentilis); E, ventral gnathosoma (cc: corniculus; ds: deutosternum; /1-43:
hypostomal setae; im: internal malae; 1b: labrum; pc: palp coxal seta); F, epistome. Lyrifissures (poroids) shown in blue and
gland pores (solenostomes) in red. Notation: idiosomal setae - Lindquist & Evans (1965) adapted by Evans & Till (1965, 1966)
and Lindquist (1994); palp setae - Evans (1963b); idiosomal lyrifissures and gland pores - Athias-Henriot (1971, 1975), as
interpreted by Kazemi et al. (2014). Scale bars = 100 pm for idiosoma, 50 um for other structures.
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shield. It should be noted that the shape of the idiosoma is more subject to variation associated with the slide-
mounting process than the dorsal shield.

. Length of setae (terms commonly used): minute—inconspicuous, not much longer than its own insertion
socket; short—much shorter than distance to nearest seta (i.e. distance between the two setal sockets); long—
approximately as long as distance to nearest seta (most applicable to dorsal setae); very long—much longer
than distance to nearest seta (sometimes called whip-like); very short—intermediate between minute and
short; mid-sized—intermediate between short and long; macroseta—a leg seta much longer than surrounding
setae.

. We generally used the term spur-shaped or spur-like for setae that are stout (very thick), short and apically
blunt, whereas we used spine-shaped or spine-like to indicate stout but longer setae, either blunt or finely
tapering.

FIGURE 2. General morphology of male Laclapidae (Gaeolaelaps Evans & Till; modified from Beaulieu, 2009). A, ventral
idiosoma (go: genital opening; hs: holoventral shield; mp: metapodal plate; ps: presternal plate); B, chelicera (al: antiaxial
lyrifissure; ap: arthrodial process; dl: dorsal lyrifissure; ds: dorsal seta; fd: fixed digit; md: movable digit; pd: pilus dentilis;
sd: spermatodactyl). Lyrifissures (poroids) shown in blue and gland pores (solenostomes) in red. Notation: idiosomal setae -
Lindquist & Evans (1965) adapted by Evans & Till (1965, 1966) and Lindquist (1994); idiosomal lyrifissures and gland pores
- Athias-Henriot (1971), as interpreted by Kazemi et al. (2014). Scale bar = 100 pm for idiosoma, 50 um for chelicera.
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FIGURE 3. General morphology of Laelapidae (Cosmolaelaps Berlese; modified from Moreira et al., 2014). Female. A. Leg I;
B. Leg II; C. Leg III; D. Leg IV. Setal notation after Evans (1963a). Scale bar = 100 pm.

. Epigynal shield variously shaped posteriorly: drop-shaped (Fig. 4A): lateral margins expanded and broadly
rounded posteriorly; tongue-shaped (Fig. 4B) more or less parallel-sided and rounded posteriorly; bottle-
shaped (Fig. 4C): similar to drop-shaped but long and truncate posteriorly; flask-shaped (Fig. 4D): shaped
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as an Erlenmyer flask; or snake-head shaped (Fig. 4E): narrowly or abruptly bulging near level of s¢5 and
tapering posteriorly.

FIGURE 4. Types of epigynal shields of Laelapidae. A. Drop-shaped; B. Tongue-shaped; C. Bottle-shaped; D. Flask-shaped;
E. Snake-head shaped.

. For simplicity, we usually pooled the number of setae Jv and Zv together, and R and UR setae together. Some
setae laterad of Zv1-3 denoted UR in our diagnoses may include setae that are homologous to Sv2 as denoted
by Lindquist & Evans (1965: 16) and Lindquist (1994: 324). We have not attempted to distinguish Sv from
UR setae and simply included them in our R—UR counts or in a total number of setae in addition to J»—Zv
setae.

. The subapical laterally-offset tooth of the fixed cheliceral digit near the apex of the digit is included in the
count of teeth, but the apical hook of the digits is not.

. Idiosomal poroids (stress receptors) are relatively stable in Dermanyssina (Athias-Henriot, 1971, 1975;
Kazemi et al., 2014) and have rarely been used to distinguish species or genera. Gland openings vary more
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significantly in presence and location and may be useful, but we mentioned them only a few times in diagnoses
when relevant, because overall they have not been sufficiently studied.

. For femur II (Fig. 3), we used av to indicate the seta that is positioned most anteriorly among the three ventral
setae, and in intermediate position along the main axis of the femur (= v1 sensu Evans, 1963a: 291). For
setae of tarsi II-1V, we maintained the traditional notation of Evans (1963a) and called the unpaired median
setae md and mv, although they have been respectively called ad2 and av3 by other authors (e.g. Klompen &
Austin, 2007; Moreira et al., 2014).

All illustrations presented were made by line drawing and based on previously published illustrations of
species selected as to adequately represent each genus (although some features may not always represent trends in a
given genus). For simplicity, illustrations are primarily restricted to the idiosomal dorsum and venter, occasionally
including gnathosomal or leg features.

Morphology of free-living and arthropod-associated Laelapidae

In this section, we expand on the previous concepts of Laelapidae of Evans & Till (1965a, 1966, 1979; as
“Laelapinae’), Casanueva & Johnston (1993), and Lindquist et al. (2009), by including many arthropod-associated
taxa that have been considered by some authors in a separate family, the Iphiopsididae. This broader concept of
Laclapidae follows the perspectives of Moraza & Kazemi (2012: 12), Seeman & Alberti (2015: 719) and Lindquist
et al. (2020: 49). Genera that are free-living and those associated with arthropods together present such a diversity
of character states that it seems useful to present a review of the morphological range of the group, and mention
deviations from any suite of normal (most frequent) character states. Below is a general diagnosis for the family,
followed by a more detailed morphological overview, focussing on the adults of free-living and arthropod-associated
genera. The diagnosis and the review are based primarily on the literature, including the many taxa described since
those earlier concepts were published, as well as on our examination of specimens representing a limited number of
genera (see Materials and Methods). Most of the structures used to describe the group and the genera are illustrated
in Figures 1-75.

This family diagnosis may appear artificial because it does not formally include taxa parasitic on vertebrates,
and also because in its current concept, Laelapidae may not be monophyletic. The diagnosis may nevertheless be
useful. We have not included immature stages in this review, because they are seldom described and hence poorly
understood. Despite the limited knowledge about them, the larvae of all laelapids are presumably non-feeding
and do not have a pygidial shield, protonymphs have a podonotal shield and typically a mid-sized pygidial shield
bearing at most eight pairs of setae, and deutonymphs have a holodorsal shield, typically incised laterally (Evans
& Till, 1965a; Lindquist et al., 2009). Exceptionally, both the protonymph and deutonymph of some Jacobsonia
Berlese have a small pygidial shield narrowly separated from a schizodorsal (laterally-incised) shield covering the
rest of the idiosoma (Casanueva & Johnston, 1992b).

We followed Lindquist ef al. (2009) in considering the bee-parasitic genera Varroa and Euvarroa Delfinado
& Baker in a separate family (Varroidae). These mites are characterised by many derived attributes, including a
strongly flattened, hypertrichous idiosoma, with extra setae also present on the epigynal shield, and peritremes
looped and shifted to a position lateral to the stigmata.

Diagnosis

Podospermous gamasines, with laelapid-type sperm access system. Idiosoma with holodorsal shield, typically bearing
39 pairs of setae (Figs 1, 2), including Zx2—3 (sometimes absent), and commonly 1-5 unpaired Jx setae (sometimes
more); occasionally, mild to substantial dorsal hypotrichy or hypertrichy, mostly in arthropod associates; seta Z5
usually inserted more posteriorly than laterally to J5. Presternal area (Fig. 1) typically weakly sclerotised, lineate-
reticulate, sometimes sclerotised into a pair of discrete platelets. Sternal shield usually entire, bearing setae s¢1-3 and
poroids iv1-2; variously modified in many taxa, e.g. shortened (and much wider than long), desclerotised or eroded
marginally (and leaving s¢1 or s¢3 on unsclerotised cuticle), or fused posterolaterally to endopodal plates (and bearing
st1-4). Seta st4 and poroid iv3 usually on unsclerotised cuticle; s#4 occasionally on endopodal plate or absent; iv3
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rarely on posterior margin of sternal shield, never both s74 and iv3 on discrete metasternal platelet. Epigynal shield
typically drop- or tongue-shaped, extending posteriorly well beyond coxae IV, usually bearing s¢5 (occasionally on
adjacent unsclerotised cuticle or absent); sometimes enlarged, e.g. snake-head shaped or broadly flask-shaped and
abutting anal shield or fused to it (forming a hologastric shield), and bearing one or more pairs of opisthogastric (Jv,
Zv) setae; shield with anterior hyaline flap usually overlapping the sternal shield posteromedially. Anal shield usually
small and inversely subtriangular or pear-shaped; sometimes obovate, triangular, concave anteriorly, or variously
enlarged, rarely capturing opisthogastric setae; rarely in terminal position. Peritrematal plate usually narrow, and
free or fused anteriorly with dorsal shield, posteriorly free and tapered (rarely fused to parapodal or exopodal plate
next to coxa IV, or free and broadened apically). Peritreme variously reduced in arthropod symbionts. Parapodal
plate sometimes enlarged. Unsclerotised (soft) lateral and opisthogastric cuticle sometimes hypertrichous, mostly
in symbiotic taxa. Chelicera with chelate-dentate digits, including a usually bidentate movable digit; arthrodial
envelope with a simple fringed corona (rarely without it, or with elongate simple processes instead); teeth and apical
hooks of digits variously reduced in arthropod or vertebrate associates (including parasites). Epistome typically a
subtriangular or convex lobe, occasionally pointed apically (rarely truncate or with elongate median tine), with
denticulate or smooth margin. Deutosternum typically with six transverse rows of denticles (but ranging from 4-21
rows; exceptionally without denticles) delimited by lateral margins. Palp tarsal claw usually 2-tined, occasionally
3-tined. Pretarsi normally with claws, which are sometimes reduced or absent on leg I, or on all legs (in some
arthropod associates). Leg chaetotaxy (Fig. 3), when holotrichous, including: femora I with 13, of which four
ventrals (2—5/4-2); genu I and tibia I each with 13 setae (2—-3/2, 3/1-2); genu III with nine setae (2-2/1, 2/1-1); genu
IV with nine setae (2-2/1, 3/0—1), occasionally ten, including pv or two p/; tibia III with eight setae (2—1/1, 2/1-1);
and tibia [V with ten setae (2—1/1, 3/1-2). Legs of males usually without sexually dimorphic apophyses or spur-
shaped setae. Structures variously reduced in arthropod associates, such as the extent and degree of sclerotisation of
dorsal, sternal and epigynal shields; dorsal, palp and leg setation, chelicerae, hypostomal structures (setae, corniculi,
internal malae), deutosternum and tritosternum; or in contrast, with occasional hypertrichy of the idiosomal dorsum
or opisthogaster, or of the legs.

Males with genital aperture (Fig. 2) on anterior margin of a (/) holoventral shield, free of exopodal, peritrematal
(rarely fused to them) and dorsal shields, sometimes on (i) a sternogenital shield (in some arthropod associates) or
(iif) sternogenitiventral shield, variously eroded posteriorly and usually well separated from anal shield (almost never
with a well-developed ventrianal shield, never with a distinct line of fusion between sternogenital and ventrianal
or ventral elements). Male chelicerae with movable digit usually unidentate and with spermatodactyl fused basally
with external (ventral or ventrolateral) face of digit and oriented anteriad (not bent basally), mostly simple, finger-
like, of various lengths; fixed and movable digits (excluding spermatodactyl) of chelicerae variously regressed in
some associates of arthropods or of vertebrates.

This combination of attributes, including the holodorsal shield, especially if bearing Zx2—3 or Jx setae, tongue-
shaped epigynal shield, often expanded posteriorly, small subtriangular or pyriform anal shield, sz4 on unsclerotised
cuticle, peritrematal shield narrow and free posteriorly, convex epistome, six rows of deutosternal denticles, chelicera
with bidentate movable digit, and leg I with the above-mentioned chaetotaxy for femur, genu and tibia should
distinguish most laelapids from other families of Mesostigmata. Difficulties may arise with arthropod symbionts
having regressive morphological attributes. This diagnosis embraces some genera that comprise at least some
facultative or obligate parasites, such as those that we included in this work (e.g. Androlaelaps, Haemolaelaps). The
females of those as well as other parasitic laclapid genera are relatively similar morphologically to free-living forms.
An attempt to separate the parasitic from the non-parasitic laclapids was done by Strandtmann & Wharton (1958).
The parasitic forms generally have chelicerae more weakly chelate-dentate and hypertrophied pilus dentilis, but
more strikingly the male chelicerae have regressed digits contrasting with a highly developed spermatodactyl. Such
male chelicerae, specialised for reproduction and nonfunctional for feeding, may be the evolutionary consequence
of living in spatially restricted habitats, e.g. nests, where females are readily found for mating, alleviating the need
for feeding during a long-term quest for a reproductive partner (Lindquist e al., 2020: 61). There are also genera
that include both parasitic and predatory species, some of the latter having strongly chelate-dentate chelicerae (e.g.
Ulyxes), and genera that may represent an intermediate position, both ecologically and phylogenetically, between
free-living predators and nest-dwelling parasites (Nidilaelaps, also included in this catalogue; Radovsky, 1985 and
Shaw, 2012). Such taxa appear to blur the boundary between the concepts of Hypoaspidinae and Laelapinae. In
any case, the family diagnosis above would require some expansion to accommodate all of the facultative/obligate
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parasites of vertebrates. For instance, in addition to female chelicerae variously modified for parasitism (e.g. some
with attenuate digits for insertion into host tissues to extract blood or lymph; Radovsky, 1985), many laelapid taxa
parasitic on vertebrates have distinctive cuticular (non-setigerous) spurs on the coxae (Strandtmann & Wharton,
1958) (e.g. in many Laelapinae, Hirstionyssinae, Myonyssinae, and Haemogamasinae or Haemogamasidae of
authors) as well as spur-shaped coxal setae and palp coxal (pc) seta (e.g. some Neolaelaps Hirst, Tur Baker &
Wharton), probably representing adaptations to facilitate the adherence of these mites to their hosts (Radovsky,
1985). Hypertrichy is common, including on unsclerotised idiosomal cuticle, but also on the entire dorsal shield
and even the sternal, epigynal and/or anal shields, which may bear unpaired extra setae (e.g. Haemogamasinae,
Acantholaelapinae) (Evans & Till, 1966; Radovsky & Gettinger, 1999). In some taxa, there is also a tendency for
the epigynal shield to capture opisthogastric (Jv, Zv) setae (e.g. three pairs in Laelaps and relatives), more so than
free-living forms or arthropod associates with shields of similar size, and for the idiosomal setae to be thicker, more
spine-shaped, including the post-anal seta. In other cases, idiosomal setae are barbed (Domrow, 1980; Tenorio
& Radovsky, 1974). Others have the cheliceral dorsal seta elongate and positioned laterally or an elongate and
fimbriate epistome (e.g. Haemogamasinae, Mesolaelapinae).

Other dermanyssoid families may be confused with laelapids, and understandably so, given that all other
dermanyssoid groups are believed to have originally evolved from some laelapid ancestral stock (Radovsky, 1969,
1985). Dermanyssidae and Macronyssidae can be distinguished from laelapids, and most readily from those that are
not parasitic on vertebrates, by having: (i) dorsal shield tapering posteriorly (sometimes fragmented in two or more
plates in Macronyssidae); (ii) epigynal shield usually tapering posteriorly; (7ii) sternal shield typically very short
and much wider than long; (iv) tritosternum often with denticulate, hyaline lateral margins basally; (v) deutosternum
with denticles in a single file (rarely with transverse rows of 2—5 denticles in Macronyssidae); (vi) corniculi
membranous, typically lobate; (vii) peritrematal plate extending into exopodal plate flanking coxa IV. Specifically,
macronyssids also have coxa II usually with a coxal spur anteriorly; soft idiosomal cuticle hypertrichous; cheliceral
digits edentate, often with hyaline lobes or denticulate processes, without pilus dentilis; and palp trochanter usually
with a medioventral keel. Dermanyssidae have the cheliceral shaft (second segment) extremely long and slender,
stylet-like, with minute digits. Other dermanyssoid families, including those that are endoparasitic in the respiratory
tracts of vertebrates, tend to have strongly derived attributes that make them easily recognisable (Evans & Till,
1979, Lindquist et al., 2009).

Members of several gamasine families outside the Dermanyssoidea may be confused with laelapids, primarily
because they also have a holodorsal shield and an epigynal shield rounded posteriorly, accompanied by a more or
less subtriangular anal shield. The discrimination between laelapids and these families may sometimes be difficult
given the morphological diversity of laelapids, especially arthropod symbionts. Eviphididae differ from Laelapidae
by having most or all of the following character states (see Masan & Halliday, 2010): (i) s#4 and iv3 usually borne
on a metasternal platelet; (if) epistome usually with a narrow lance-like median projection, barbed or plumose; (iii)
anal shield relatively large, wider than epigynal shield; (iv) dorsal shield usually bearing 30 pairs of setae (at most
33); (v) cheliceral digits short, stout, with cheliceral movable digit bearing 1-2 teeth, without arthrodial corona; (vi)
reduced leg chaetotaxy, especially genu I and tibia I, each bearing at most 11 setae, including one al/, 4-5 dorsals and
2-3 ventrals, but also genu III with 7-8 setae (only one al), genu IV with 7-8 setae (only one a/ and four dorsals),
tibiae III-1V each with seven setae (1-3/2—1); males with (vii) spermatodactyl originating from apical portion of
movable cheliceral digit.

Many Pachylaclapidac have large epigynal (genitiventral) shields abutting the anal shield, and other
Pachylaelapidae and some Parholaspididac have hologastric shields, thereby superficially resembling laelapids
(e.g. Pseudoparasitus Oudemans, Ololaelaps Berlese). However, such members of these two eviphidoid families
usually have (7) hypotrichous dorsal shield bearing 29-30 pairs of setae; (if) st4 and iv3 borne on a discrete plate or
more often on a sternal-metasternal-endopodal complex, fused to expanded parapodal plates, in turn fused to the
peritrematal-exopodal shields. Pachylaelapids usually have reduced leg chaetotaxy, with tibia I typically bearing
12 setae, including five dorsals (2—-3/2, 2/1-2) and tibia III seven setae, including one a/ (1-3/2—1); and males have
chelicerae with the spermatodactyl originating mostly apically on the movable digit, and often oriented ventrally
(not anteriorly as in laelapids) (Masan, 2007; Masan & Halliday, 2014). Parholaspidids also have (@ii) chelicerae
with an arthrodial brush-like process; males with (iv) spermatodactyl basally recurved, oriented dorsally; (v) sternal
shield with very broad anterolateral (endopodal) arms; and (vi) reduced leg chaetotaxy, genu I and tibia I each
typically with 12 setae, including at most five dorsals (2-3/2, 2/1-2). Other pachylaelapids and parholaspidids
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have ventrianal shields. Some members of the Leptolaelapidae, a family with possibly mixed affinities (Lindquist
et al., 2009: 147), resemble laclapids but differ from them by some of the same distinctions of parholaspidids or
pachylaelapids, including s#4 and iv3 on a metasternal platelet, sternal shield with broad anterolateral arms, or
male with spermatodactyl bent basally. In addition, the males of parholaspidids, pachylaelapids and leptolaelapids
typically have strong ventral apophyses on leg I1.

Pseudolaclapidae are reminiscent of laclapids that have an expanded epigynal shield. They differ from laelapids
most notably by having (i) dorsal shield hypotrichous, bearing only 24-25 pairs of setae; (ii) st4 and iv3 on a
metasternal platelet; (iif) peritrematal shield broadly fused with enlarged parapodal plate; and (iv) epistome trispinate
(Masan, 2014).

Some Ascidae resemble laelapids, but differ from them by having: (i) anal shield usually suboval (rarely
subtriangular) and typically wider than epigynal shield; (i7) poroid iv3 usually inserted on sternal shield margin
(uncommon in laelapids); (7ii) peritrematal shield fused to exopodal plate beside coxa IV; (iv) dorsal shield with Z5
generally inserted lateral to J5; (v) deutosternum usually with seven transverse rows of denticles; (vi) femur I with
only 12 setae, genu I often with 11-12 setae (sometimes 13) including only five dorsal or only two ventrals, genu
III often with 7-8 setae only, lacking pv; (vii) males with sternogenital and large, well-defined ventrianal shields
(Lindquist & Evans, 1965; Lindquist & Moraza, 2009).

Similarly to Ascidae, many laelapid-like Melicharidae have a more (7) oval anal shield, rarely subtriangular; (i7)
pilus dentilis of chelicera usually modified into a hyaline flap (if not, vestigial or absent; setiform in Orthadenella
Athias-Henriot); (iii) movable digit usually with ventral mucro near base; (iv) deutosternum with 1-2 of the
posteriormost rows of denticles often widened beyond lateral margins; (v) dorsal shield with Z5 generally inserted
lateral to J5; (vi) femur I with only 12 setae; (vii) males with sternogenital shield and usually with well-developed
ventrianal shields (Moraza & Lindquist, 2015). Interestingly, a few ascids (some Antennoseius Berlese) and
melicharids (Spadiseius Lindquist & Moraza) have some unpaired Jx setae, as do many laelapids.

The females of a few Ameroseiidae have an anal shield accompanying a somewhat tongue-shaped epigynal
shield, but usually the (7) anal shield is oval and wider than the epigynal shield. In addition, they have (ii) a dorsal
shield bearing at most 30 pairs of setae, lacking J1 and J5; (iif) sternal shield usually abbreviated, with s¢3 on
unsclerotised cuticle or discrete platelets (shield with s¢1-3 in Brontispalaelaps Womersley and Sinoseius Bai &
Gu); (iv) deutosternal groove usually with basal row of denticles widened beyond its lateral margins, or with one
or more discrete pairs of rows of denticles flanking the groove; (v) chelicerae without arthrodial corona; (vi) legs
hypotrichous: femur I bearing 12 setae, including three ventrals, and genu and tibia I each at most with 12 setae,
including only five dorsals (Masan, 2017).

Arctacaridae and some Epicriidae have drop- or tongue-shaped epigynal shields and an anal shield, but differ
from laelapids in many aspects. Most importantly, they are not podospermous, and therefore males have a mid-
intercoxal genital opening and lack spermatodactyls. They also have legs relatively hypertrichous, including genu
III with ten setae (2—4/2—2) and tibia III with nine setae (2—3/2-2), each including two p/, and tibia I with 14 setae
(including four ventrals).

Morphological overview

Dorsalidiosoma. A single dorsal shield, usually covering most of the idiosomal dorsum, ranging from: (i) broadly oval
(rarely subcircular as in Cyclothorax, Melittiphis, some Chapalania Hoffmann & Lépez-Campos and Sphaeroseius
Berlese), with little to no unsclerotised cuticle exposed dorsomarginally, occasionally extending onto the ventral
margins of the idiosoma (e.g. some Gymnolaelaps Berlese, Ololaelaps, Oloopticus Karg), to (ii) suboval, parallel-
sided in its mid-portion and sometimes with distinct “shoulders” in the area of 3, or (ii7) progressively tapered (e.g.
Stratiolaelaps, Raymentia Womersley; some Cosmolaelaps Berlese, Dinogamasus Kramer, Gaeolaelaps Evans &
Till, Ljunghia Oudemans) or about evenly narrowed in posterior half (Dyscinetonyssus, most Coleolaelaps Berlese);
(iv) shield margins occasionally (irregularly) eroded (e.g. Acantholaelaps Joharchi et al., Berlesia Canestrini,
Narceolaelaps; many Coleolaelaps, some Dinogamasus); (v) rarely with lateral incisions between podonotal and
opisthonotal regions (some Berlesia and Dinogamasus, most Coleolaelaps); (vi) shield highly reduced in size in
some arthropod-associated taxa (including parasites, e.g. Dicrocheles) and sometimes moderately (Apolaelaps,
Spatholaelaps Silvestri, many Myrmozercon) to significantly truncated/abbreviated posteriorly (e.g. Conolaelaps,
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Dynatochela Keegan, Iphiolaelaps, some Jacobsonia and Julolaelaps Berlese), leaving an extensive area of soft
cuticle exposed posteriorly, sometimes also anteriorly (Katydiseius Fain & Lukoschus), even with setae (e.g. /1,
z1) on soft cuticle (Berlesia). Unusual shapes occur in isolated cases, such as the monotypic Scorpionyssus Fain
& Rack having a dorsal shield with lateral and posterior margins gently concave, and the male of one species of
Sphaeroseius (S. ecitophilus (Mello-Leitao)) with the idiosoma and dorsal shield 8-shaped, constricted medially.
Degree of shield sclerotisation varying from heavy (e.g. most Ololaelaps, Oloopticus) to weak, sometimes making
it hard to distinguish from adjacent unsclerotised, plicate cuticle (e.g. Conolaelaps, Iphiolaelaps). Exceptionally, the
only known male of Narceolaelaps has separate podonotal and opisthonotal shields.

Typical free-living forms have 37 pairs of setae on the shield (j1-6, J1-5, z1-6, Z1-5, s1-6, S1-5, 12-5) or
more often 39 pairs, including two pairs of extra opisthonotal setae Zx2—3 (= px2-3 of authors; rarely also Zx1) (e.g.
most Androlaelaps, Alloparasitus Berlese, Cosmolaelaps, Euandrolaelaps Bregetova, Gaeolaelaps, Gymnolaelaps,
Haemolaelaps, Holostaspis, Hypoaspisella Bernhard, Laelaspis Berlese, Laelaspoides, Nidilaelaps, Ololaelaps,
Persicolaelaps Kazemi & Beaulieu, Pseudoparasitus, Ulyxes, some Pneumolaelaps Berlese, Stratiolaelaps); shield
also commonly bearing 1-5 unpaired setae (Jx) medially between standard J setae (at least 25 genera include species
with Jx setae). These Jx setae are usually irregularly scattered between pairs of J2—4; certain taxa are characterised
by the restriction of Jx setae near J4, never present anteriorly to J3 (Nidilaelaps, Ulyxes). In some cases, the dorsal
shield has fewer than 39 or 37 (without Zx2-3) pairs of setae merely because some peripheral setae are not captured
by the shield (due to a lateral shift in positions or to shield reduction), such as r2-3 (in some Hypoaspis, rare
Gaeolaelaps). In other cases, mild hypotrichy (e.g. without z1, z3, or z6) is compounded by some setae being
inserted off the shield, including some 7, s and/or S setae, resulting in a dorsal shield bearing even fewer setae (e.g.
scarabaeoid associates Acantholaelaps, Coleolaelaps, Dynastaspis Costa, Lucanaspis Costa, Mumulaelaps Clark,
Promacrolaelaps Costa, some Hypoaspis). This may also be the case for more severely hypotrichous taxa, exhibiting
22-26 pairs of setae on the dorsal shield (Blaberolaelaps Costa, Conolaelaps, Dyscinetonyssus, Narceolaelaps,
Scolopendracarus Evans) or as few as 8-20 pairs (Berlesia, Chapalaelaps Gwiazdowicz et al., Dynatochela,
Iphiolaelaps, Katydiseius, Scorpionyssus, most Ljunghia, some Jacobsonia and Julolaelaps), many of which have
the dorsal shield reduced in size (relative to the entire idiosoma) and all of which have associations, whether parasitic
or not, with arthropods. Setal loss may affect any podonotal and opisthonotal series; quite often, determination of
the missing setae is difficult, because of the parallel reduction of shield size, slight change in neighbouring setal
positions, or inadequate knowledge of immature stages (which would help track which setae have been lost). Seta
J5, an otherwise stable seta, is exceptionally lost in Berlesia, Katydiseius and a species of Ljunghia. Setae Zx2-3 are
usually and Jx are nearly always lacking in moderately to strongly hypotrichous species.

Mild hypertrichy, with ca. 40—41 pairs of setae on the dorsal shield, occasionally occurs, with the expression of
Zx1 and/or 1-2 extra pairs in the area between s and r setae, denoted ax by Costa (1961: 5) (e.g. some Androlaelaps,
Gymnolaelaps, Pneumolaelaps; ax may also be present in some Hypoaceus Nemati et al.). The posteromedian
region of the dorsal shield is commonly affected by hypertrichy. Up to 8-12 Jx setae occur in some Androlaelaps,
Gymnolaelaps, Hunteria Delfinado-Baker et al., Hypoaspisella, Ulyxes, or 10-25 “Jx” in some Cosmolaelaps and
Pneumolaelaps; such a larger cluster of unpaired setae (some that may appear paired) may encompass the region
of Z setae, and the notation Jx would therefore not be appropriate for all those setac. A few unpaired podonotal
setae may also be expressed between the j setae (jx), but these generally occur in species showing more substantial
hypertrichy (some Androlaelaps, Eumellitiphis Turk, Reticulolaelaps Costa, Urozercon Berlese); the same applies to
Jx setae, i.e. many hypertrichous taxa having ranges of 45—60 pairs (Pogonolaelaps Nemati & Gwiazdowicz, most
Eumellitiphis and Reticulolaelaps), or 60—80 pairs (Angosomaspis Costa, Laelaspisella, Melittiphis, Neoberlesia,
most Urozercon) of setae on the shield also have many unpaired Jx setae. More extreme cases of hypertrichy
(Neohypoaspis, Sphaeroseius, Suracarus, Tropilaelaps, some Dinogamasus and Myrmozercon), some with more
than 200 irregular “pairs” of setaec on the dorsal shield, completely obscure the identity of primary setae. The
large majority of these hypertrichous species are variously symbiotic with arthropods. Few genera include both
hypotrichous and hypertrichous species, such as Chapalania (dorsal shield with 2446 pairs of setae), but more
contrasting cases are found in Myrmozercon (from 23 to more than 400 “pairs”) and Scissuralaelaps Womersley
(32-125 pairs). Despite the loss of a few specific dorsal setae in some species, Dinogamasus are overall hypertrichous
and quite variably so, with ca. 46 to more than 250 irregular pairs of setac on the dorsal shield. Considerable
variability also occurs in Jacobsonia (dorsal shields with 13—40 pairs of setae) and Julolaelaps (940 pairs), in part
due to the dorsal shield being reduced in some species.
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Idiosomal setae are typically (7) simple, i.e. smooth, relatively slender, and most often short to mid-sized (more
or less acicular), and subequal (i.e. more or less uniform in length). Marked shortening or lengthening of setae occur
most often in arthropod-associated taxa, with (i7) minute setae, particularly on the dorsal shield (most or all setae
on dorsal shield of the myriapod associates Conolaelaps, Iphiolaelaps, Narceolaelaps, Jacobsonia, and scarab and
bee associates Angosomaspis and Neohypoaspis), or (iii) very long, whip-like setae (e.g. beetle or ant associates
Coleolaelaps, Laelaspis, and some species of spider-associated Ljunghia), sometimes with a few specific dorsal
setae distinctly longer than others, some often having shifted to more marginal positions (e.g. z4, s4-5). Most
notably, “marginal” setae j3, z4, Z4, s4-5 and/or S5, and often Jv5 are variously elongate in scarabaeoid associates
Acantholaelaps, Dynastaspis, Hypoaspis, Lucanaspis, Mumulaelaps and the cockroach associate Blaberolaelaps.
Sometimes, the longer marginal setae contrast strikingly with the minute central setae (Blaberolaelaps, Chapalaelaps,
Chapalania, Scorpionyssus, some Berlesia, and rare Androlaelaps, Hypoaspis and Julolaelaps). In other taxa, the
setae are progressively longer in anterior (Raymentia, some Pneumolaelaps), posterior or latero-marginal regions of
the shield (Bisternalis, Urozercon, some Holostaspis, Laelaspis, Pogonolaelaps, Pneumolaelaps and Ulyxes). The
elongation of the dorsomarginal setae tends to co-occur with that of insertion of the marginal setac on unsclerotised
ventral and lateral cuticle (e.g. R, UR, Jv4-5). Seta Z5 is distinctly longer than the surrounding setae in various
taxa (e.g. some Androlaelaps, many Haemolaelaps, Holostaspis, Hyposternus Joharchi & Halliday, Jacobsonia,
Julolaelaps, Narceolaelaps, Stigmatolaelaps Krantz, Xylocolaelaps Royce & Krantz, and rarely Pseudoparasitus);
sometimes, j1 is also longer (e.g. Laelaspoides, some Julolaelaps; and Hyposternus, but less so). Otherwise, setae
j1, z1 and J5 are typically shorter, and Jv5 longer, than the surrounding setae. Occasionally, posteriormost setae
J4-5 and Z5 are inconspicuously barbed in contrast to other setae being smooth; occasionally other posteromarginal
setae are barbed, including $4-5 and some Jv, Zv and R setae (Laelaspis, Laelaspoides, Pogonolaelaps), or even
most dorsal setae (some Haemolaelaps, Holostaspis, Laelaspis, Myrmozercon, rare Gaeolaelaps, Reticulolaelaps).
In some groups (Cosmolaelaps, Laelaspis, Pogonolaelaps), dorsal setae have an asymmetric lobe near the base;
this lobe may be present but less conspicuous in other taxa (e.g. Stratiolaelaps). In various taxa, some dorsal
setae are thickened into stout spurs (central setae in Dyscinetonyssus), short spines (e.g. dorsomarginal setae in
Melittiphis), bulbous (most dorsal setae in Scolopendracarus), or stout, capitate or spatulate (dorsomarginal setae in
Eumellitiphis and Neohypoaspis, respectively) setae. More unusually, species of Cosmolaelaps and Stratiolaelaps
have most dorsal and opisthogastric setae spatulate-tricarinate or leaf-like; some Cosmolaelaps have scimitar-like
setae. Some Cyclothorax species have corkscrew-shaped setae along the posterior margin of the dorsal shield,
some Reticulolaelaps have the dorsal setae falcate or curly, and one Myrmozercon species (M. cyrusi Ghafarian &
Joharchi) has setae inconspicuously clubbed apically.

Ventral idiosoma. The tritosternum is typically well developed, with conspicuously pilose laciniae and with an
elongate, flattened base delimited distally from the laciniae in free-living laclapids. Laciniae are entirely free from each
other or fused together for a short basal portion. In some arthropod associates, the tritosternum, including laciniae, is
variously reduced in size (Conolaelaps, Gecarcinolaelaps, Scolopendracarus, Suracarus) or laciniae smooth or with
reduced, inconspicuous pilosity (Bisternalis, Conolaelaps, Dicrocheles, Dyscinetonyssus, Iphiolaelaps, Jacobsonia,
Myrmozercon, Narceolaelaps, Stevelus Hunter, Tropilaelaps, apparently also Spatholaelaps). Occasionally, laciniae
are fused for a quarter or more of their length (Bisternalis, Laelaspisella, Reticulolaelaps). Remarkably, the lateral
margins of the tritosternal base of Haemolaelaps species are barbed.

The presternal area is typically (i) weakly sclerotised, lineate-reticulate and often granulate/microtuberculate
(e.g. Androlaelaps, Gaeolaelaps, Haemolaelaps, Hypoaspis and many related genera). The (weakly) sclerotised
area is sometimes divided in two discrete zones or most often medially coalesced; (if) sometimes more heavily
sclerotised into a pair of presternal platelets (Gymnolaelaps, Hypoaceus, Laelaspisella, Ololaelaps, Persicolaelaps,
Pseudoparasitus; some Alloparasitus, Hypoaspisella and Pneumolaelaps), these sometimes bordered by weakly
sclerotised, lineate-granulate surfaces; (iii) the presternal area of most Stratiolaelaps has a series of sclerotised
ridges; (iv) presternal platelets are presumably fused to the sternal shield when the latter has a bilobed anterior
margin (some Holostaspis, Laelaspis, Myrmozercon); or (v) presternal area is unsclerotised and undifferentiated
from soft plicate cuticle in many arthropod associates. More remarkably, (vi) the presternal area of Melittiphis has an
elongate plate that bears a keel-like ridge medially. It should be noted that weakly sclerotised presternal areas may
sometimes have been overlooked and not always described accurately in the literature, and that weakly sclerotised
surfaces versus well-sclerotised platelets might be part of a continuum.

The sternal shield is (i) usually well-developed and entire, bearing setae st1-3 (exceptionally, Chapalania
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erichi Gwiazdowicz & Nemati has no setae, only with setal alveoli) and poroids iv1-2, and incorporating endopodal
elements that extend between coxae I-1I and coxae II-1II as endopodal arms, which are usually short, tapered,
anterior endopodal arm between coxae I-II occasionally long and narrow or moderately broad (e.g. Cyclothorax,
some Gaeolaelaps), rarely (ii) markedly broad (in Stratiolaelaps, Hunteria); the endopodal arm between coxae
II-I1I is also broad in Meliponaspis Vitzthum, with the shield anteriorly expanded and overlapping the base of
the subcapitulum. When entire (bearing s¢1-3), shield typically extending posteriorly to mid-level of coxae III;
ranging from (iii) short and much wider than long (e.g. many Ljunghia, some Androlaelaps, Pneumolaelaps,
Stigmatolaelaps, Sphaeroseius); to (iv) much longer than wide (e.g. some Gaeolaelaps), with extremes exhibited by
Jacobsonia with shield extending to level of posterior edge of coxae III (apparently correlated with their elongate
idiosoma), or further in Oloopticus (in which the shield is fused to endopodal plate). Shield with (v) some or
all endopodal fragments separate from shield and/or shield margins eroded (in Acantholaelaps, Dyscinetonyssus,
Gecarcinolaelaps, Mumulaelaps, most Coleolaelaps); (vi) shield eroded or desclerotised anteriorly, so that st1 is
on a weakly sclerotised area (Acantholaelaps, Mumulaelaps, Cyclothorax, and some Androlaelaps, Coleolaelaps,
Dinogamasus, Gaeolaelaps, Hypoaspisella, Nidilaelaps); (vii) shield reduced posteriorly, with sf3 (Berlesia,
most Dinogamasus, some Cyclothorax and Dicrocheles), or st2 and st3 (Katydiseius, Scorpionyssus, and some
Dinogamasus) inserted on unsclerotised cuticle; shield deeply eroded posteromedially in Raymentia and some
Myrmozercon, although bearing all sternal setae. Shield (viii) largely desclerotised centrally in Hyposternus (leaving
only anterior and lateral sclerotised strips) and Myrmozercon sternalis Babaeian et al. (leaving posterior and lateral
strips), and entirely desclerotised in Scolopendracarus, with the area occupied by transversely striate cuticle; (ix)
divided longitudinally in Iphiolaelaps and Scissuralaelaps; (x) setae st1 borne on a distinct platelet adhered to
the main shield portion in Melittiphisoides Delfinado-Baker et al. or partly or entirely detached from the rest of
the shield in Bisternalis (and apparently also in “Hypoaspis” favosus Turk); shield (xi) widened posteriorly and
markedly concave in several genera (Laelaspisella, Persicolaelaps, Pogonolaelaps, Reticulolaelaps, Urozercon,
most Bisternalis, many Myrmozercon), apparently to accommodate a large epigynal shield that is expanded
anteriorly, often resulting in setae s¢3 being 2—3 times as far apart as setae s¢1. Shield exceptionally (xii) bearing a
few extra, unpaired setae in some Dinogamasus. Setae st1-5 are nearly always simple; 512 with a strongly bulbous
base in Melittiphisoides.

The metasternal seta (st4) is typically (7) inserted on unsclerotised cuticle, along with companion poroid iv3;
st4 occasionally (i7) inserted on or at least situated over the endopodal plate (e.g. in Laelaspis, and some Bisternalis,
Eumellitiphis, Melittiphis and Pneumolaelaps); exceptionally, (iif) on the posterolateral margin of the sternal
shield (some Ololaelaps); st4 (iv) absent in some taxa (Dicrocheles, Gecarcinolaelaps, Hypoaceus, Laelaspisella,
Persicolaelaps, Pogonolaelaps, Reticulolaelaps, Urozercon; some Dinogamasus, Ljunghia, Myrmozercon,
Scorpionyssus; rarely Jacobsonia and Narceolaelaps), and with setal alveoli modified as circular pits (without setae)
in Oloopticus. Poroid iv3 is borne on the sternal shield near the posterolateral margin in a few taxa (e.g. Melittiphis,
Pogonolaelaps, Reticulolaelaps, some Gaeolaelaps and Myrmozercon; not to be confused with vestigial gland
openings gvl, which are more medially positioned on the shield margin when present). Rarely, sternal shield fused
posteriorly to endopodal plate, bearing st1-4 (Melittiphisoides, Oloopticus, Spatholaelaps; some Myrmozercon;
also in some Refticulolaelaps although bearing only s¢1-3, with s#4 absent). Posterior endopodal plate usually (7)
well-developed, arching between coxae [1I-1V; sometimes (i7) reduced or absent, especially in less sclerotised mites,
or (iii) fused to sternal shield (see above). Endopodal plate sometimes narrowly abutting sternal shield or (at least
appearing to be) narrowly fused to it.

The epigynal shield is usually posteriorly rounded, hence drop- or tongue-shaped, and nearly always (/) extending
well beyond posterior margin of coxa IV; (ii) shield not extending or barely extending past level of coxa IV in
some taxa with markedly reduced shields, with s¢5 borne on or near posterolateral corners of shield (Dynatochela,
Iphiolaelaps, most Jacobsonia, and to a lesser degree Gecarcinolaelaps, Katydiseius and some Berlesia). Shield
typically (7) distant from the anal shield; sometimes (i/) longer and reaching the anal shield, whether narrowly
if shield is acuminate and snake-head shaped (some Bisternalis, rare Laelaspis) or subtriangular (Urozercon;
some Tropilaelaps); or (iii) broadly abutting the anal shield if the shield is truncate, and flask- or bottle-shaped
(Gymnolaelaps, Melittiphisoides, Nidilaelaps, Pseudoparasitus, Reticulolaelaps; some Alloparasitus, Eumellitiphis
and Ulyxes), long and rectangular (some Tropilaelaps) or broadly rounded (most Laelaspis; some Pogonolaelaps).
In such cases, the shield is variously expanded posterolaterally, sometimes reaching the level of lateral edges of
acetabula IV. Rarely, (iv) an expansive epigynal shield covers most of the opisthogaster but without reaching the
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anal shield (Sphaeroseius, Jacobsonia tertia Vitzthum). Relatively large, snake-head shaped epigynal shields often
do not reach the anal shield (some Bisternalis, most Holostaspis, Myrmozercon). The epigynal shield is (v) fused to
the anal shield and therefore hologastric (genitiventrianal) in three genera (Neoberlesia, Ololaelaps, Oloopticus).
From our knowledge, no females have a discrete “ventral” shield between epigynal and anal shields (but see below
for rare male cases). The epigynal shield is somewhat shaped like an axe head in a few taxa (e.g. Persicolaelaps,
some Eumellitiphis). It is remarkably broad anteriorly and occupies most of the area between coxae III-1V in some
taxa (some Laelaspis, Ololaelaps and Pogonolaelaps, Pseudoparasitus hajiganbari Kazemi and apparently also
in Apolaelaps), sometimes distinctly reaching level of coxae Il (Laelaspisella, Persicolaelaps, some Bisternalis,
Holostaspis, Myrmozercon). Anteriorly, the epigynal shield has a hyaline flap that is broadly rounded (more rarely
tapered), covering the ovipore and typically overlapping the posterior portion of the sternal shield; occasionally not
overlapping the sternal shield, mostly in cases of overall reduction in size of the epigynal shield (e.g. Dinogamasus,
Gecarcinolaelaps; some Jacobsonia and Julolaelaps), but also in taxa with mid-sized epigynal shield (e.g. some
Gaeolaelaps). The epigynal shield typically (i) bears only (genital) setae sz5; occasionally, s¢5 (if) is on adjacent
unsclerotised cuticle in cases where the shield is small or narrowed (Dinogamasus, Dyscinetonyssus, Scorpionyssus,
some Coleolaelaps and Raymentia) or of moderate size (e.g. Mumulaelaps); st5 is still on the shield in several cases
where the shield is small or narrow (e.g. Conolaelaps, some Jacobsonia, Julolaelaps and Scissuralaelaps). When
the epigynal shield is expanded posterolaterally, (iif) it bears 1-5 additional pairs of setaec (among Jv1-3, Zv1-2),
exceptionally more in cases of hypertrichy (in Sphaeroseius). Seta st5 is rarely absent (some Myrmozercon and
Ljunghia, rare Jacobsonia, and in some individuals of the monotypic Dyscinetonyssus). Extraordinarily, the epigynal
shield is absent (i.e. unsclerotised) and the ovipore exposed between coxae IV in the peculiar genus Suracarus.
The epigynal shield varies from essentially smooth to variously reticulate, lineate or granulate. Typically, it has
two diagonal lines or ridges converging anteriorly and more or less reaching each other medially near level of
st5, somewhat forming an inverted-V or -U shaped ridge; in more expansive shields, there may be an additional,
parallel inverted-V or -U ridge (Laelaspis). Inverted-V or -U ridge frequently enclosing posteriorly a series of
transverse striae (e.g. Androlaelaps, Gromphadorholaelaps Till, Haemolaelaps, Nidilaelaps, Ulyxes), additional
(not inverted) U- or V-shaped striae (Bisternalis, Holostaspis, some Myrmozercon), or reticulation (in species across
many genera), resulting in variously shaped cells, from few large to many small or narrow cells, the pattern of which
may be characteristic of genera or sibling species.

The anal shield is usually (7) small and inversely subtriangular or pear-shaped, sometimes (i7) drop-shaped, (ii7)
obovate or oval, (iv) distinctly triangular (some Haemolaelaps, Hypoaceus, Laelaspis, Myrmozercon, Nidilaelaps,
Pogonolaelaps, Scissuralaelaps, Ulyxes), (v) concave anteriorly (Urozercon, some Holostaspis, Laelaspis and
Myrmozercon; slightly in Hunteria) or crescent-shaped (some Bisternalis), often in combination with a snake-head
shaped epigynal shield; rarely (vi) somewhat diamond-shaped (e.g. Berlesia, some Stratiolaelaps). It bears three
circum-anal setae, rarely with one (Persicolaelaps, Urozercon, Myrmozercon chapmani Baker & Strandtmann,
some Sphaeroseius) or 2-3 (most Dicrocheles) additional pairs of setae, in which case the shield is technically a
ventrianal shield, although not necessarily larger than typical anal shields (e.g. Persicolaelaps). The anal shield is
(vii) enlarged in a few genera, bowl-shaped (Melittiphisoides, Reticulolaelaps), kidney-shaped (Neohypoaspis) or
much broader than long (Eumellitiphis), broadly oval (Narceolaelaps, Melittiphis, Scolopendracarus), or mostly
elongate and subrectangular (some Dinogamasus, Tropilaelaps). The anal shield is seldom in a terminal position
(most Dicrocheles; Dyscinetonyssus, Scorpionyssus, some Ljunghia, Myrmozercon, Narceolaelaps, Sphaeroseius).
The anal opening is typically near the centre of the anal shield, sometimes in anterior (Dinogamasus, Dynatochela,
Gecarcinolaelaps, Hyposternus, Neohypoaspis; some Bisternalis) or posterior portion (e.g. Melittiphis, some
Gaeolaelaps, Gymnolaelaps, Narceolaelaps and Pseudoparasitus; Myrmozercon beardae Shaw & Seeman); this
may be correlated with an anterior or posterior expansion of the shield. Also sometimes correlated with these changes
are the position of para-anal setae, which are usually inserted at the level of the anal opening, occasionally posterior
(e.g. Berlesia, Ljunghia, some Bisternalis) or anterior to it (Narceolaelaps, Melittiphis, some Myrmozercon). The
anal shield is apparently desclerotised around the anal opening in some arthropod associates (some Jacobsonia,
Neohypoaspis, Scissuralaelaps; perhaps also in Cyclothorax). Circum-anal setae of various size, with post-anal
seta often (i) subequal to para-anal setae, with relative lengths variable within genera; sometimes (i7) distinctly
longer and/or thicker than para-anal setae (Apolaelaps, Blaberolaelaps, Chapalania, Cyclothorax, Haemolaelaps,
Holostaspis, Hyposternus, Stevelus, Xylocolaelaps, many Coleolaelaps and Laelaspis, some Ulyxes); or (iii)
distinctly shorter than para-anal setae in a few taxa (Dyscinetonyssus, Scorpionyssus). Circum-anal setae are very
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long and spine-shaped in Urozercon, most notably para-anal setae; they are stout in Melittiphisoides. Post-anal seta
is absent in some Jacobsonia, in ant associate Gaeolaelaps invictianus Walter & Moser, and apparently also in
Dynatochela. The anal shield is absent in Suracarus. The anal shield of Melittiphis bears a unique non-setigerous
spur anterior to the anus.

The exopodal plate is either a broad strip (in highly sclerotised mites, e.g. Ololaelaps, Oloopticus, Persicolaelaps)
or more typically a narrow strip alongside coxae I-1V, or reduced to small triangular remnants between coxae,
or entirely absent. The parapodal plate (section of exopodal plate behind coxa IV) is typically narrow and
inconspicuous, absent, or variously enlarged (in Gymnolaelaps, Hypoaceus, Ololaelaps, Oloopticus, Pogonolaelaps,
Pseudoparasitus; some Bisternalis, Eumellitiphis and Laelaspis; to a lesser degree in Blaberolaelaps, Laelaspisella,
Persicolaelaps, Spatholaelaps, and some Julolaelaps, Melittiphis, Nidilaelaps, Reticulolaelaps, Scissuralaelaps,
Tropilaelaps, Ulyxes). Rarely, the parapodal plate is narrowly fused to hologastric shield, via the metapodal plate
(some Ololaelaps). One or two pairs of small metapodal plates usually present behind coxa IV; rarely enlarged
(Neohypoaspis, some Eumellitiphis, Ulyxes), or partly or entirely integrated into an expansive epigynal shield
(Hypoaceus, Ololaelaps); entirely absent in some of the less sclerotised taxa (e.g. Conolaelaps, Dinogamasus,
Iphiolaelaps, Jacobsonia, Scolopendracarus). It should be noted that exopodal and parapodal plates are sometimes
difficult to discern, being often obscured by basal leg segments, hence details about these structures may require
verification, especially for older publications.

The peritreme is usually (i) long (reaching level of coxa I, or level between setae s1 and z1) in most genera,
but (i7) strongly reduced (reaching at most level of coxa III) or absent in many arthropod associates (Berlesia,
Conolaelaps, Dicrocheles, Dinogamasus, Dynatochela, Iphiolaelaps, Iphiopsis, Jacobsonia, Katydiseius,
Narceolaelaps, Neoberlesia, Scolopendracarus, Suracarus; some Julolaelaps, Myrmozercon and Urozercon), and
few beetle-associated Gaeolaelaps; (iii) moderately reduced in some species of various taxa, reaching level of
coxa Il (e.g. Apolaelaps (seemingly), Chapalania, Spatholaelaps, Stevelus, Xylocolaelaps, some Blaberolaelaps,
Coleolaelaps, Euandrolaelaps, Eumellitiphis, Gaeolaelaps, Gromphadorholaelaps, Pseudoparasitus, Raymentia
and Scissuralaelaps); barely reaching coxa Il in Dyscinetonyssus. The peritreme is (iv) conspicuously broader in
a few genera (e.g. Pneumolaelaps, Stevelus and apparently in Blaberolaelaps). The stigma is typically about as
wide as the peritreme, but distinctly enlarged in Raymentia, Stigmatolaelaps and Dinogamasus. Construction of
the peritreme is typically gamasine in form, rarely embellished with internal cellular structures (some Berlesia).
The peritrematal plate is usually (i) narrowly developed dorsolaterad of the peritreme, including a portion bearing
poroid id3 and gland opening gd3 at level between coxae III-1V; sometimes (i) minimally developed (with barely
any bordering cuticle) or entirely absent; the plate is (ii7) broad in Stratiolaelaps Berlese, Reticulolaelaps, and some
Ololaelaps. In some cases, it is (iv) strongly reticulate (Stratiolaelaps). Anteriorly, the peritrematal plate is either
(7) narrowly fused to dorsal shield (typically in free-living forms), (if) broadly fused to shield, including laterally
(e.g. Oloopticus; males of some Ololaelaps), or (iii) free, especially in arthropod associates with less sclerotised
idiosoma and/or reduced peritremes. Exceptionally, Suracarus has short peritremes on a plate entirely coalesced
with the dorsal shield. Posteriorly to stigma, the peritrematal plate is usually (7) free, tapering to about mid-level
or posterior edge of coxa I'V; occasionally (i7) extending beyond coxa IV (Melittiphis, Urozercon, some Laelaspis,
Ololaelaps, Reticulolaelaps, Holostaspis iranicus (Babaeian & Nemati), Pseudoparasitus hajiganbari and rare
Gaeolaelaps); rarely expanded apically (Alloparasitus oblongus (Halbert)); occasionally (iif) narrowly fused to
exopodal plate alongside coxa IV (some Hypoaspisella, Nidilaelaps, Ulyxes; rare Coleolaelaps and Gaeolaelaps)
or entirely fused to exopodal strip (some Scissuralaelaps); or curving posteriad of coxa IV and coalesced with
parapodal plate (Gecarcinolaelaps, Scorpionyssus, and some Berlesia, Dicrocheles, Jacobsonia, Neohypoaspis and
rare Ljunghia and Myrmozercon) or fused to enlarged parapodal plate (some Ololaelaps, rare Gymnolaelaps); rarely
(iv) fused to hologastric shield (some Ololaelaps). Post-stigmatic region of shield typically bearing two or three
pore-like structures, including 1-2 poroids (“ip ”, the closest to stigma being specifically id7) and one gland opening
(“gp” or gdp).

The opisthogaster usually bears (i) 8-10 pairs of Jv and Zv setaec on unsclerotised cuticle (except those
captured by enlarged epigynal shields or, rarely, by small ventrianal shields), including five Jv and 3-5 Zv, being
flanked by some R and/or UR setae. Unsclerotised lateral cuticle bordering the dorsal shield typically bears 7-10
setac on each side, including 76, R1-6 and 0-3 UR setae (other than setae that shifted from the dorsal shield to
unsclerotised cuticle, as mentioned previously). Unsclerotised cuticle occasionally (if) hypotrichous, with as few
as five pairs of Jv-Zv setae, and 6 and R setae absent, or only 76 or R1 present; (iii) moderately hypertrichous
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(some Berlesia, Chapalania, Dicrocheles, Gaeolaelaps, Haemolaelaps, Ljunghia, Melittiphisoides, Mumulaelaps,
Scissuralaelaps and Stigmatolaelaps) or (iv) markedly hypertrichous, especially in the region of R-UR setae but also
often in the region of Jv-Zv setae, in taxa associated with arthropods or vertebrates (Acantholaelaps, Angosomaspis,
Melittiphis, Sphaeroseius, Suracarus, Tropilaelaps; some Androlaelaps, Cyclothorax, Dinogamasus, Myrmozercon,
Narceolaelaps, Pneumolaelaps and Ulyxes). The unsclerotised dorsolateral cuticle of Neohypoaspis has a
hypertrichous marginal series of tightly spaced (spatulate) setae; Eumellitiphis has a similar series of (capitate)
setae, but which is only slightly hypertrichous. Setae on unsclerotised cuticle are tylochorous (i.e. setae borne on
individual minute sclerites; Athias-Henriot 1969) in several taxa (Bisternalis, Hunteria, Melittiphis, Pogonolaelaps,
Tropilaelaps; some Holostaspis, Laelaspis, Myrmozercon and Gaeolaelaps).

Males typically have a (i) holoventral shield, covering all the intercoxal region and most of the opisthogastric
region, somewhat triangular posteriorly, without merging with exopodal or peritrematal plates, typically bearing
st1-5 and 4-5 pairs of opisthogastric (Jv-Zv) setae. Occasionally, males have a holoventral shield (i7) fused with
parapodal-exopodal plate (Eumellitiphis, Hypoaceus, Oloopticus, and some Pseudoparasitus), sometimes also
to peritrematal shield (some Nidilaelaps, Ololaelaps). This basic form of the holoventral shield is subject to
various reductions in the opisthogastric region, starting with the shield being narrowed laterally, thereby bearing
fewer opisthogastric setae (in many taxa, e.g. Androlaelaps and Gaeolaelaps). More reductions result in males
having a (iii) sternogenitiventral shield, bearing 3—5 pairs of opisthogastric setae, relatively distant from the anal
shield (some Gaeolaelaps, Hypoaspis, Myrmozercon, and Holostaspis flexuosa (Michael)), or shield eroded and
weakly expanded in the opisthogastric region, and bearing only 1-3 pairs of opisthogastric setae (Blaberolaelaps,
Dynatochela, Mumulaelaps, Pogonolaelaps termitophilus Joharchi et al., some Androlaelaps, Cosmolaelaps,
Laelaspoides, Myrmozercon and Scissuralaelaps), or not capturing any opisthogastric setae (Neohypoaspis,
Tropilaelaps and some Coleolaelaps); or a (iv) sternogenital shield, not extending posteriorly beyond coxa 1V,
bearing st1-5, usually eroded posteriorly, sometimes resulting in s¢5 (rarely other setae) being off the shield
(Berlesia, Dicrocheles, Dinogamasus, Gecarcinolaelaps, Jacobsonia, Narceolaelaps, Scorpionyssus, Suracarus;
some Julolaelaps, Ljunghia and Scissuralaelaps), rarely not more developed than the sternal shield of females,
bearing only s¢1-3 (Dyscinetonyssus), or so eroded that it is present as 2—3 shield fragments bearing only 23 pairs
of sternal setae, other setae being on soft cuticle (some Coleolaelaps). In some taxa, variable desclerotisation may
result in narrowly separated sternogenitiventral and anal shields (e.g. few Gaeolaelaps) or in an irregularly formed
ventral shield between sternogenital and anal shields (Acantholaelaps; and Cyclothorax, with a very reduced,
discrete posterior fragment overlapping intercoxal and opisthogastric regions). Sometimes, males have (v) a broadly
expanded sternogenitiventral shield abutting the anal shield (Reticulolaelaps, Sphaeroseius, some Androlaelaps and
Pogonolaelaps), and exceptionally a (vi) sternogenital shield approximately abutting a well-developed ventrianal
shield (Cosmolaelaps rectangularis Sheals). Rarely, the anal shield is moderately expanded anteriorly into a small
ventrianal shield, capturing a pair of opisthogastric setae (e.g. some Scissuralaelaps) or into a larger shield bearing
many pairs of setae (Melittiphis); in such cases, the ventrianal shield has irregular margins and is not abutting the
sternogenital shield. Exceptionally, the male of Melittiphis has the genital aperture on a (large) presternal plate
instead of the anterior portion of (or directly anterior to) the holoventral (or sternogenital or sternogenitiventral)
shield.

Gnathosoma. In several arthropod symbionts, the entire gnathosoma is reduced in size with a significant portion
of it hidden ventrally under the dorsal shield (e.g. Bisternalis, Cyclothorax, Holostaspis, Iphiolaelaps, Iphiopsis,
Meliponaspis, Melittiphisoides, Neoberlesia, Sphaeroseius, Stevelus, Tropilaelaps, Urozercon), in contrast to free-
living forms and other arthropod associates, in which most or all of the gnathosoma is visible dorsally. The chelicera
usually has well-developed fixed and movable digits, subequal in length (i.e. their apices reaching a similar level),
and is chelate (i.e. pincer-like, each digit apically hooked). The movable digit usually has two teeth, rarely only one
(e.g. Dynatochela, some Jacobsonia and Laelaspis) or more than two (e.g. Mumulaelaps, some Reticulolaelaps,
Gaeolaelaps angustiscutatus (Willmann) in normally chelate chelicerae (see below for more significantly modified
chelicerae of symbionts). The fixed digit usually has 1-3 teeth distal to the pilus dentilis, including a laterally-offset
tooth (“Gabelzhan” of Hirschmann, 1956) near the terminal hook of the digit. In some taxa, the fixed digit only bears
these 1-3 subapical teeth (e.g. Bisternalis, Blaberolaelaps, Eumellitiphis, Hunteria, Hyposternus, Narceolaelaps,
Stigmatolaelaps, and some Pneumolaelaps). Species in other genera tend to have more teeth, including one often
transversely aligned with the pilus dentilis or more proximal to it. Some species have a serrated row of many
small teeth proximal to the pilus dentilis and often flanked by two larger teeth (4dcantholaelaps, Angosomaspis,
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Promacrolaelaps; some Coleolaelaps, Cosmolaelaps, Euandrolaelaps, Gaeolaelaps, Hypoaspis, Hypoaspisella,
Lucanaspis, Mumulaelaps, Pseudoparasitus, Scissuralaelaps, Stratiolaelaps); in some Gymnolaelaps, this serration
is mostly distal to the pilus dentilis. Cheliceral digits are robust and markedly elongate in Stratiolaelaps, as well as
in Sphaeroseius, but with digits more slender and strongly hooked apically. Raymentia also has the digits strongly
chelate, including a peculiar molar-like crown of small teeth on the fixed digit. Many Jacobsonia species have a
fixed digit with a long and slender apical process.

A reduction in size and number of teeth, and of apical hooks, has occurred in many arthropod- and some
vertebrate-associated taxa, including parasites and other forms of symbionts (e.g. commensals), resulting in weakly
dentate and weakly hooked digits, sometimes entirely edentate and without apical hooks for one (especially the
fixed digit) or both digits (Dyscinetonyssus, Haemolaelaps, Holostaspis, Iphiolaelaps, Melittiphis, Myrmozercon,
Scolopendracarus, Stevelus, Suracarus; some Androlaelaps, Laelaspis, Ljunghia, Ulyxes); the fixed digit may be
considerably reduced in size (e.g. Scorpionyssus) and in some cases it is absent or vestigial (e.g. some Dinogamasus,
Myrmozercon). In other taxa, chelicerae have slender, finger-like digits (Apolaelaps, Cyclothorax, Neoberlesia,
Spatholaelaps, Urozercon), most likely for parasitic feeding on their arthropod hosts. Other parasitic taxa have
chelicerae with a robust movable digit bearing one or more strong teeth, and a fixed digit reduced to one (Berlesia,
Katydiseius) or two blunt lobes (Dicrocheles). Species of Dinogamasus are unusual in having a strong, claw-like
movable digit opposed to a most often reduced fixed digit. In nearly all taxa, the movable digit is ventral to the fixed
digit except in Berlesia and Katydiseius where it has shifted to a lateral position relative to the fixed digit, bearing
2—4 large teeth, facing and moving outward. In addition, these two genera, as well as Iphiolaelaps, have a cheliceral
shaft swollen basally and abruptly narrowed in its apical half or two thirds, in contrast to virtually all other taxa that
have shafts of even or slightly tapering width.

The pilus dentilis is usually (i) simple, i.e. short and setiform. It is moderately thicker or larger than usual
in some taxa (e.g. Stigmatolaelaps, Xylocolaelaps), but (ii) distinctly inflated in Androlaelaps and markedly
elongate in Haemolaelaps; or (iii) vestigial (Berlesia) or absent in some taxa with a modified or reduced fixed digit
(Cyclothorax, Dicrocheles, Dyscinetonyssus, Katydiseius, Tropilaelaps, Urozercon, and some Myrmozercon); it is
(iv) minute in Narceolaelaps. The pilus dentilis is still well-developed in some taxa with reduced fixed digits (e.g.
Dinogamasus). The arthrodial membrane at the base of the movable digit usually (i) has a simple corona of short
filaments, and no elongate brush-like process (as present in e.g. Macrochelidae, Parholaspididae); the corona varies
in length and is occasionally distinctly elongate (e.g. some Scissuralaelaps); occasionally (i) the corona is absent
in arthropod associates (e.g. Iphiolaelaps, Narceolaelaps, and females of Berlesia but not males); exceptionally, the
arthrodial envelope of Hunteria lacks a corona but instead (ii7) bears an elongate and a short, smooth processes. The
dorsal cheliceral seta is usually short, but markedly elongate in Suracarus and at least some Urozercon.

The epistome is typically (7) developed as a subtriangular or rounded lobe; sometimes (i7) distinctly triangular
(e.g. Persicolaelaps, Scolopendracarus, some Chapalania, Laelaspis, Pogonolaelaps), with a (iii) short tongue-
like median prominence (Acantholaelaps, Dynastaspis, Lucanaspis, Promacrolaelaps, most Coleolaelaps and
Hypoaspis), (iv) somewhat more elongate, apically rounded (some Reticulolaelaps), (v) moderately elongate and
tapered, acuminate (e.g. Laelaspisella, Stevelus, some Berlesia, Gaeolaelaps and Myrmozercon), (vi) with an
elongate slender tine (some Berlesia, Ulyxes), or (vii) somewhat truncate, with a median and sometimes lateral tines
(Oloopticus, Stratiolaelaps). The epistome margin varies from smooth to variously denticulate. In Blaberolaelaps,
the margin appears more fimbriate than denticulate.

The subcapitulum bears a pair of palp coxal (pc) setae, and anteriorly, the hypostome bears three pairs of setae
(h1-3) arranged in a triangular pattern. One pair of / setae is lost in Dicrocheles (h3 usually absent) and some
Jacobsonia (putatively also /43). Seta pc is inflated basally in Berlesia and some Dinogamasus, spine-shaped in
Pneumolaelaps fuscicolens (Oudemans), and absent in Scolopendracarus and some Myrmozercon. Usually, 43 is
very long and the longest, 41 mid-sized to long, 42 and pc short to mid-sized, 42 being typically the shortest. All
hypostomal setae and seta pc are very short in some arthropod associates (Conolaelaps, Dynatochela, Iphiolaelaps,
Jacobsonia, Narceolaelaps, Stevelus, most Julolaelaps, some Scissuralaelaps and Myrmozercon), or more rarely all
very short except one seta, such as 41 (long in Scorpionyssus) and h3 (long in Katydiseius and Scolopendracarus). In
a few taxa, 43 remains mid-sized or long, although contrasting with a distinctly longer 41 (e.g. some Coleolaelaps,
Stratiolaelaps). Exceptionally, the three hypostomal setae are almost aligned in Suracarus.

The deutosternum varies from narrow to moderately wide, typically with (i) six, less often (ii) five or seven
transverse rows of few to numerous denticles, usually ranging from two to more than 30 per row. Several arthropod-
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associated taxa have (iii) a greater number of transverse rows of denticles, with ranges of 7-8 rows (Raymentia,
someJacobsonia), 9—16 rows (Berlesia, Dicrocheles, Dyscinetonyssus, Katydiseius, Neohypoaspis, Stigmatolaelaps,
Xylocolaelaps, and some Bisternalis, Jacobsonia and Ljunghia), and up to 19-21 rows, in Myrmozercon patagonicus
Trach & Khaustov. Both Melittiphis and Myrmozercon brevipes Berlese have a very narrow deutosternum, with a
single file of about eight denticles (one denticle per row), and many other arthropod or vertebrate associates have
rows of mostly 1-2 denticles (Berlesia, Narceolaelaps, Scorpionyssus, Stigmatolaelaps, Tropilaelaps, Xylocolaelaps,
and some Ljunghia, Julolaelaps, Ulyxes). Reticulolaelaps species have only four rows of denticles. Rarely, the
deutosternum has no distinct denticles (e.g. Dinogamasus, Suracarus, some Urozercon), or a basal row of denticles
widened beyond lateral margins or additional rows flanking deutosternal groove (e.g. rare Gaeolaelaps). A smooth
ridge nearly always precedes the denticulate rows and, sometimes, a smooth ridge follows the denticulate rows
posteriorly.

The corniculi are typically (i) strongly sclerotised, horn-shaped and undivided apically; distant from each
other and subparallel. In taxa comprising mostly vertebrate associates, corniculi are (i7) often relatively small
(some Androlaelaps, Haemolaelaps, Ulyxes); and (iii) markedly shorter and blunt in many arthropod associates
(Dinogamasus, Stevelus, Suracarus; some Holostaspis, Ljunghia and Myrmozercon; males of Berlesia), notched
apically (Iphiolaelaps; some Dicrocheles, Holostaspis, Ljunghia and Myrmozercon), and/or hyaline, weakly
sclerotised (e.g. Melittiphis, Reticulolaelaps; females of Berlesia). They may be approximate (Dinogamasus,
Dynatochela) or convergent (Melittiphis and Spatholaelaps), and they are highly reduced or absent in Urozercon
and some Dinogamasus. Salivary styli typically extend closely beneath the corniculi and reach approximately to
the apex of the corniculi, but are longer and/or project laterally to the corniculi in some parasites of arthropods (e.g.
Berlesia, Cyclothorax, Dicrocheles, Iphiolaelaps, Katydiseius). The internal malae are usually (7) well developed,
as two contiguous arms, variably fimbriate, extending approximately as far as or slightly beyond the apex of the
corniculi; the latero-basal margins between median arms and the base of corniculi are also fimbriate. There is one (or
more rarely two) additional pair(s) of shorter lateral arms, also fimbriate in many taxa (e.g. Gaeolaelaps aculeifer,
Raymentia); occasionally the (i7) lateral arms are more developed, with a broad, fleshy base and strong fimbriae
(e.g. Laelaspoides) or branching into narrower arms (Neohypoaspis). Internal malae are particularly developed in
other taxa, with (iii) fimbriae of long threads, either very fine (Laelaspisella, Pogonolaelaps) or thicker, fleshy (e.g.
Cosmolaelaps cuneifer (Michael), Laelaspis astronomicus (Koch), Persicolaelaps). Several species of Ulyxes have
some fimbriae with inflated tips, and Reticulolaelaps species have complex internal malae, including horn-shaped
outer lobes. In contrast, the internal malae are variously (iv) reduced in size or fimbriation in many arthropod
associates (e.g. Dinogamasus, Dyscinetonyssus, Gecarcinolaelaps, Iphiolaelaps, Scolopendracarus, Scorpionyssus,
Stevelus, Myrmozercon).

Palps usually have chaetotaxy typical for Gamasina, with trochanter-femur-genu-tibia-tarsus having 2-5-6-
14-15 setae. Deviations from the normal chaetotaxy have been observed in many taxa of arthropod symbionts,
with one or more segments affected between trochanter and tibia (tarsus being understudied), each segment
bearing respectively fewer than 2-5-6-14 setae, including species of Conolaelaps, Dicrocheles, Dinogamasus,
Dyscinetonyssus, Gecarcinolaelaps, Iphiolaelaps, Jacobsonia, Katydiseius, Myrmozercon, Narceolaelaps,
Scorpionyssus and Urozercon. In some cases, the palp tibia is fused to the tarsus (some Myrmozercon, Urozercon).
In contrast, Suracarus has hypertrichous palps, each segment from trochanter to genu bearing 9—14 setae. The palp
trochanter has (inner) seta v2 flattened and elongate in Blaberolaelaps, and also broadened, foliate in some Ulyxes.
The palp tarsal claw (apotele) usually has two tines, occasionally three (Gymnolaelaps, Ololaelaps, Pogonolaelaps,
Sphaeroseius; most Pseudoparasitus, and some Euandrolaelaps, Gaeolaelaps, Pneumolaelaps, Stratiolaelaps) with
the third tine often reduced; and it is exceptionally entire, undivided in Tropilaelaps and absent in Dyscinetonyssus. In
Laelaspisella, the palp tarsal claw is associated with an adjacent hyaline lobe. The palp trochanter of Reticulolaelaps
bears a large paraxial membranous lobe.

In males of free-living forms and many arthropod associates, the chelicerae are chelate-dentate, and include a
unidentate movable digit, which bears a spermatodactyl that arises from the external (ventral or ventrolateral) surface
of the digit, with the entire apical hook of the digit usually distinct and free from the spermatodactyl. Exceptionally,
the spermatodactyl appears to arise from the internal (dorsal) surface of the digit in Chapalania cifuentesi Hoffmann
& Lopez-Campos and in the monotypic genera Dynatochela and Suracarus. The spermatodactyl is oriented forward
from its junction with the movable digit, not recurved basally or projecting dorsally (as in some Eviphidoidea),
ranging from short and not reaching the tip of the movable digit (rarely; e.g. Ulyxes laertes (Domrow)), to very
long (e.g. Berlesia, Tropilaelaps); in its free, apical portion, it is straight or variously curved or bent. In facultative
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parasites of vertebrates or nest associates (Androlaelaps, Haemolaelaps, some Ulyxes), the male fixed digit and/or
movable digit show various degrees of regression, lacking teeth and apical hooks. A similar tendency occurs in
some groups of arthropod symbionts, even in cases where females have relatively normal, chelate-dentate chelicerae
(Conolaelaps, Gromphadorholaelaps, Hunteria; some Julolaelaps, Ljunghia). In taxa parasitic on arthropods
(e.g. Berlesia, Dicrocheles, Neoberlesia, Scorpionyssus, Tropilaelaps) or with females having the fixed digit or
both cheliceral digits edentate and relatively blunt (Dinogamasus, Dyscinetonyssus, Iphiolaelaps, Melittiphis,
Myrmozercon, some Holostaspis), males generally have more reduced or attenuate fixed digits than the female,
and the movable digit is largely represented by the spermatodactyl fused to a reduced or vestigial movable digit. In
contrast, the males of Blaberolaelaps have more robust cheliceral digits than the females (which have digits tapering
apically). In Hunteria, the spermatodactyl appears to emerge from the apex of the movable digit instead of along
the ventral face of the digit.

Legs. Legs I-1V are generally similar in shape and length, although legs I and IV are typically longer. Leg I is
sometimes more slender, and this is evident in certain arthropod-associated taxa (e.g. Meliponaspis, Melittiphisoides,
Suracarus, Tropilaelaps) but also in some free-living ones (e.g. Gaeolaelaps aculeifer). The relative lengths of the
legs differ between genera and between species in a given genus, but there are trends in some genera, e.g. leg I is
markedly longer than legs I[I-IV in Neoberlesia, whereas it is the shortest of all legs in Coleolaelaps, Iphiolaelaps,
Narceolaelaps and Urozercon; in Coleolaelaps, legs I1I-1V are longer than usual for laclapids. Legs I-II are distinctly
shorter than legs III-1V in Dyscinetonyssus and Dinogamasus, with the respective tarsi markedly shortened. Legs
I-II are more robust than legs III-IV in Dinogamasus and Neohypoaspis, and leg I is the most robust in Stevelus. All
legs are shortened relative to the idiosoma in some arthropod associates (Conolaelaps, Dynatochela, Scorpionyssus,
and some Myrmozercon), whereas they are much longer than the idiosoma in Sphaeroseius. Femur 11 in Chapalania
is unique in being strongly constricted medially.

Pretarsi usually (7) have well-developed pulvilli and claws. In many arthropod associates, (ii) claws of all
pretarsi are reduced (Berlesia, Dicrocheles, Katydiseius, Meliponaspis, Tropilaelaps, some Julolaelaps) or absent/
vestigial (Iphiolaelaps, Jacobsonia, Spatholaelaps, Urozercon), and pulvilli are sometimes hypertrophied, in the
absence of functional claws (Conolaelaps, Narceolaelaps, Scolopendracarus, Stevelus, some Myrmozercon; claws
poorly sclerotised in Scorpionyssus); in Urozercon, only the pulvillus of leg I is enlarged. In other genera, (iii)
only the claws of pretarsus I are distinctly reduced (e.g. Chapalaelaps, Cyclothorax, Ljunghia, Melittiphisoides) or
absent (Iphiopsis, some Scissuralaelaps), sometimes also the pulvillus (e.g. Gecarcinolaelaps, Suracarus).

Leg chactotaxy and the shape of the setae are highly variable, particularly in symbiotic taxa. Markedly
elongate setae (macrosetae) are found on one or more segments of the legs of several related genera associated
with scarabaeoid beetles (Acantholaelaps, Angosomaspis, Chapalaelaps, Chapalania, Coleolaelaps, Dynastaspis,
Hypoaspis, Lucanaspis, Mumulaelaps, Promacrolaelaps). Setae mostly affected are the apicodorsal setae (adl or
pdl) of femora (nearly always including femur IV) and genua of legs [-1V, as well as the dorsal setae of tarsus IV
and more rarely of tibia IV. Similar macrosetae or a tendency for elongation may occur on the legs of species in
other, primarily free-living hypoaspidine genera (e.g. Hyposternus, some Gaeolaelaps, Pseudoparasitus), of the
cockroach associate Blaberolaelaps, and of more distant arthropod symbionts (e.g. Berlesia, Dinogamasus). In
other cases, some leg setae are instead thickened into stout spur- or spine-shaped setae. This is often the case of setae
in the distal portion of tarsi [I-IV (av1-2, pv1-2, mv, all, pl1, md) of many of the above-mentioned hypoaspidine
genera (including some of the scarab associates), as well as some Alloparasitus, Androlaelaps, Euandrolaelaps,
Gymnolaelaps, Hypoaceus, Persicolaelaps and Pneumolaelaps. Similarly, more derived groups (Cyclothorax,
Dinogamasus, Dynatochela, Dyscinetonyssus, Gecarcinolaelaps) have various bulbous, cone- or spur-shaped setae
on tarsi. Coxal setae have evolved into strong retrorse spurs in Dyscinetonyssus and Pneumolaelaps fuscicolens,
or into bulbous shapes in Berlesia, Scolopendracarus and many Dinogamasus (along with some dorsal setac on
the genua and tibiae in the last two genera). Some of those modified setae, especially on the coxae and tarsi, are
probably adaptations for clinging onto their arthropod hosts. Seta av on femur II and ventral setae of genu and tibia
of'legs II-1V are thickened in many species (e.g. some Alloparasitus, Androlaelaps, Euandrolaelaps, Gaeolaelaps).
The apicodorsal setae of femora II-1V, and to a lesser degree of the genua, also have a tendency to become thickened
or spine-shaped (e.g. Bisternalis, Blaberolaelaps, Conolaelaps, Melittiphis, Stevelus, Stigmatolaelaps, Tropilaelaps,
Urozercon; some Gaeolaelaps and Myrmozercon). The identity and degree of thickening or elongation of setae vary
significantly between species. Exceptionally, the legs of the mammal associates Haemolaelaps and Ulyxes typically
have many setae respectively barbed and bifid, especially the apicodorsal setae of femora. The legs of Cosmolaelaps
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and Stratiolaelaps have many dorsal setae spatulate-tricarinate, or variously scimitar-like (for some Cosmolaelaps),
similarly to their dorsal shield setae. Similarly, the related Eumellitiphis and Neohypoaspis have many leg setae
capitate or spatulate, similar to marginal setae of their idiosoma.

The chaetotactic pattern of leg segments presented in Evans & Till (1965a) as normal for Dermanyssoidea
(Dermanyssidae sensu Evans & Till, 1965a: 282) was used as a benchmark for preparing diagnoses of genera as well
as the briefreview that follows. The latter is mostly based on the literature, from which we compiled the leg chaetotaxy
patterns of species in order to discern coarse trends between genera. It is far from exhaustive, and the exact homology
of setae (that are added or lost) is often not specified because published information is overall limited and determining
homologies of setac across so many genera, some exhibiting surprising variability (e.g. Myrmozercon), is beyond
the scope of this publication. It should be noted, however, that hypotrichy tends to involve setae that appear latest
during ontogeny (e.g. at the deutonymphal stage) first, and secondarily other setae, based on the general knowledge
of the Gamasina (Evans, 1963). The normal segmental chaetotaxy of legs I-IV of adults is as follows: coxae 2-2-2-1
setae; trochanters 6-5-5-5; femora 13-11-6-6, or I (2-3/1, 2/3-2) (as al-ad/av, pd/pv—pl), 11 (2-3/1, 2/2-1), lll and IV
(1-2/1, 1/0-1); genua 13-11-9-9, or I (2-3/2, 3/1-2), Il (2-3/1, 2/1-2), Il (2-2/1, 2/1-1), IV (2-2/1, 3/0-1); tibiae
13-10-8-10, or I (2-3/2, 3/1-2), 11 (2-2/1, 2/1-2), 111 (2-1/1, 2/1-1), IV (2—-1/1, 3/1-2); tarsi [I-1V 18-18-18, with ad!
and pd |1 as fine, apical processes. Rarely, the dorsoapical processes (setae adl and pd1) of tarsi [I-IV are lacking, as
in Melittiphis, or poorly developed (e.g. in some Julolaelaps, Uppstrom & Klompen, 2005). Exceptionally, tarsi [I-IV
of Suracarus have a peripodomeric suture in the distal third, instead of proximal third as usual.

Most taxa with species having hypotrichous or hypertrichous leg segments relative to the normal laelapid pattern
are arthropod associates. Genera of species primarily found in soil or associated with the nests of vertebrates, usually
have normal chaetotaxy or with few deviations from it; however, several taxa of arthropod symbionts, traditionally
classified as Hypoaspidinae (e.g. Pneumolaelaps), also have relatively normal chaetotaxy. Femora I-II, all genua
and tibiae, and trochanter I are frequently hypotrichous, although genua III-IV and tibia III are more commonly
hypertrichous. Femora III-1V are also occasionally hypertrichous. Hypertrichy of segments usually involves the
addition of one seta, more rarely two setae, whereas hypotrichy often involves the loss of more than two setae.

Coxa I bears a single seta in most Dicrocheles species. Coxa IV bears two setae in some Narceolaelaps and most
Dicrocheles, and occasionally has two setae or no setae at all in Myrmozercon. Exceptionally, Myrmozercon iainkayi
Walter has coxae I-1V with 6-6-6-4 setae. Trochanter I has only four setae (lacking two setae) in Iphiolaelaps,
Jacobsonia, Narceolaelaps, Scorpionyssus; five setae in Dyscinetonyssus, Urozercon and rare Gaeolaelaps; 4-5
setae in Dicrocheles and many Myrmozercon; and sometimes bears an extra seta, bearing seven setae in total,
in the monotypic Gecarcinolaelaps (intraspecific variation) and Myrmozercon (M. crinitus Joharchi). Trochanters
[I-I1I have only four setae in Iphiolaelaps and Katydiseius. Any of trochanters II-IV may have only four setae in
some Dicrocheles and Myrmozercon, and trochanters I1I-1V of Jacobsonia have four setae; six setae are found on
trochanter I of Dyscinetonyssus and trochanter IV of Persicolaelaps, Gecarcinolaelaps (intraspecific variation) and
some Dinogamasus, rarely on trochanters II-IV of Myrmozercon.

Femur I bears as few as eight setae (1-2/1, 2/1-1) in several Myrmozercon, nine setae in most Narceolaelaps
(2-2/1, 2/0-2) and ten setae (2-2/1, 2/1-2) in Conolaelaps, Iphiolaelaps and apparently Jacobsonia; ten setae
also in Urozercon (1-5/3—1) and Scorpionyssus (formula uncertain); 11 setae in Katydiseius (formula uncertain).
Femur I has 12 setae, lacking one pv, in many genera including Berlesia (usually), Dicrocheles, Dyscinetonyssus,
Gecarcinolaelaps, and some species of Julolaelaps, Laelaspisella (formula uncertain), Ljunghia, Scissuralaelaps,
and rare Gaeolaelaps. Femur I is hypertrichous, bearing 14 setae in most Dinogamasus (including ad3) and in some
Myrmozercon, Tropilaelaps, and H. flexuosa (one extra av), and apparently 15 setae in Raymentia (two extra av).

Femur II has eight setae (1-2/1, 2/1-1), having retained the protonymphal setal complement, in Jacobsonia,
Scorpionyssus, and some Myrmozercon. It has nine setae (typically lacking one ad and one al) in Conolaelaps,
Katydiseius, and in rare Gaeolaelaps and Reticulolaelaps; 8-9 in Urozercon; ten setae in Dyscinetonyssus (lacking
one ad), Iphiolaelaps, H. iranicus and some Chapalania (lacking one al), Dicrocheles, Narceolaelaps (lacking one
ad or one al), and some Chapalaelaps (lacking pv2). Other Myrmozercon have 9-10, rarely 12, setae on femur II.

Femur III bears only five setae (lacking p/) in Dicrocheles, Dyscinetonyssus, Katydiseius, some Myrmozercon
and rare Ljunghia; seven setae in Gecarcinolaelaps and some Sphaeroseius. Femur IV has only five setae (typically
lacking p/) in some Dicrocheles, some Myrmozercon, and it has 5-8 setae in Narceolaelaps. Both femora III-1V are
hypertrichous in several genera, having seven setae in Dinogamasus, Stigmatolaelaps, Xylocolaelaps (and seemingly
also Eumellitiphis), 7-8 setae in Urozercon, and 7-9 in Myrmozercon. Most cases of hypertrichy in femora III-IV
involve one or more extra ventral setae.
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Genua [-1V of (adults of) Jacobsonia for which legs have been studied have fewer setae than the setal complement
of gamasine larvae and protonymphs (i.e. 8-6-6-5), with 6-4-4-4 setae, respectively, each genu lacking one ad and
one pd relative to the normal larval/protonymphal complement, and genu IV having acquired one p/. Genua I-III of
Conolaelaps, Iphiolaelaps, Katydiseius and most Dicrocheles have a chaetotaxy essentially identical to that of the
setal complement of gamasine larvae, with 8-6-6 setae, respectively, except for Conolaelaps having genu I with six
setae, lacking both ventrals, and Iphiolaelaps having seven setae in genu III, including av.

Genu I has fewer than the normal 13 setae in several other taxa, bearing eight setae (= basic larval complement,
1-2/1, 2/1-1) in Narceolaelaps, Scorpionyssus and some Myrmozercon; nine setae in Urozercon (2-2/1, 2/1-1);
10-12 in Berlesia (mostly lacking av2 or pd3); 9—12 setae in some Julolaelaps (lacking at least one av); 11 setae
in Dyscinetonyssus (lacking one ad, one av) and Gecarcinolaelaps (lacking ad3, pd3); 12 in Laelaspisella (lacking
one pd) and some Scissuralaelaps (lacking one av); 11-12 in some Ljunghia (lacking one av, or more rarely one ad
and one pd); and 10-14 (exceptionally 16) in other Myrmozercon.

Genu II bears only nine setae (lacking one ad, one pl) in Dyscinetonyssus; ten setae (lacking one ad) in
Gecarcinolaelaps and Narceolaelaps; 9—10 setae (at least lacking one ad) in Urozercon; ten setae (lacking one
pl) in some Julolaelaps; ten setae (lacking ad3) in rare Ljunghia; and eight or ten setae (exceptionally 12) in some
Myrmozercon.

Genu I1I has eight setae (lacking pv) in Reticulolaelaps, rare Gaeolaelaps and Julolaelaps, as well as in some
Myrmozercon but in this genus lacking one a/ instead. It bears ten setae, including one extra pl, in Dinogamasus,
Gecarcinolaelaps, Holostaspis (H. flexuosa, H. michaeli (Joharchi)), Hunteria, Raymentia and some Scissuralaelaps,
Tropilaelaps and apparently also in rare Ljunghia; and 10—11 in some Myrmozercon, sometimes also having an extra
dorsal seta.

Genu 1V is hypotrichous in many taxa (in addition to Jacobsonia). It bears only seven setae (lacking one pd
and one a/) in Conolaelaps, Iphiolaelaps and most Dicrocheles (rarely with six setae, lacking also av); eight setae
in Dyscinetonyssus (lacking one pd), some Ljunghia and Ulyxes (lacking pd3), some Alloparasitus (lacking one
al), some Julolaelaps (lacking av or one pd), in rare Gaeolaelaps and Laelaspis (lacking pl), and in Katydiseius
(homologies uncertain). Genu IV is hypertrichous in even more genera, having ten setae, including pv, in Berlesia,
Blaberolaelaps, Laelaspisella, Melittiphis, Neohypoaspis, Persicolaelaps, Pneumolaelaps, Pogonolaelaps,
Promacrolaelaps, Reticulolaelaps, Stigmatolaelaps, some Hypoaspisella, and rare Hypoaspis and Ljunghia. It
bears ten setae, including two pl, in Androlaelaps, Gecarcinolaelaps, Gromphadorholaelaps, Hunteria, and some
Coleolaelaps, Euandrolaelaps, Holostaspis (H. flexuosa, H. michaeli), Ulyxes, and rare Cosmolaelaps, Gymnolaelaps
and Laelaspis. Genu IV in some Bisternalis appears to have ten setae, either including pv or two p/. Still, genu IV
bears 11 setae, including pv and two p/ in Dinogamasus, Raymentia and some Scissuralaelaps and Tropilaelaps, and
7—-11 in Myrmozercon. Genu IV of Urozercon has nine setae, bearing pv but lacking one pd.

Tibiae I-1V of adults of Jacobsonia have fewer setae than typical gamasine larvae and protonymphs (i.e. 8-7-
7-7 setae), with 6-5-5-5 setae, respectively, each tibia lacking one ad and one pd relative to the larval/protonymphal
complement, similarly to the situation for the genua. Adults of several genera have essentially retained the
chaetotaxy of larval/protonymphal stages for the tibiae, with 8-7-7-7 setae: Conolaelaps, Dicrocheles, Iphiolaelaps,
Katydiseius, Scorpionyssus, and many Myrmozercon. Exceptions include tibia I of Iphiolaelaps, sometimes bearing
only seven setae (lacking one ad relative to the larval condition), tibia IV of Scorpionyssus with six setae (lacking
one pd relative to the larval condition), and 7-8 setae in Katydiseius (differing from the larval condition at least by
having two pl).

In addition to the strongly hypotrichous taxa mentioned above, tibia I has eight setae in Narceolaelaps (1-2/1,
2/1-1, i.e. larval complement) and is moderately hypotrichous in other taxa, bearing only nine setae in Urozercon
(2-2/1, 2/1-1); ten in Dyscinetonyssus (2-2/1, 2/1-2), 11 in Gecarcinolaelaps (lacking ad3, pd3); 10-11 in some
Myrmozercon (lacking one av, one pd and/or one ad); 10-12 in Berlesia (lacking pd3 and often also av2) and
some Julolaelaps (lacking av2 and often one p/, rarely also one pd); 12 (lacking one av) in some Ljunghia (rarely
11) and Scissuralaelaps. Rarely, Ljunghia and Androlaelaps have an extra pv on tibia I, bearing 14 setae in total;
Tropilaelaps also has 14 setae on tibia I, but the homology of the extra seta is uncertain.

Fewer setae than normal occur on tibia II, bearing eight setae in Dyscinetonyssus (lacking one ad and one pl)
and nine in Gecarcinolaelaps, Narceolaelaps and some Myrmozercon (lacking one ad), and in most Julolaelaps,
Ljunghia and Urozercon (lacking one pl).

Tibia III has only seven setae (lacking one a/, corresponding to the larval complement, 1-1/1, 2/1-1) in
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Melittiphisoides and rare Julolaelaps and rare Ljunghia. Tibia III is otherwise hypertrichous in several taxa, bearing
nine setae (including two pl) in Gecarcinolaelaps, Melittiphis, Hunteria and some Androlaelaps, Coleolaelaps,
Dynastaspis, Euandrolaelaps, Holostaspis (H. flexuosa, H. michaeli), Myrmozercon, Neohypoaspis, Raymentia,
Scissuralaelaps and Tropilaelaps.

Tibia IV lacks two setae in a few taxa, bearing eight setae in Dyscinetonyssus, Urozercon (lacking one pd and
one pl), nine in Narceolaelaps and a few Myrmozercon (lacking one pd), Gecarcinolaelaps (lacking one al), and
rare Gaeolaelaps (lacking one pl). It has 8-9 setae in some Julolaelaps (lacking pd3, or also one pl) and Ljunghia
(lacking pd3, or one al and one p/). More rare cases of hypertrichy on tibiae, other than tibia I rarely with 14 setae
and tibia III sometimes with nine setae (see above), are exhibited by a few species of Myrmozercon, which have
tibiae I-1V respectively with 16 (in M. crinitus, with an extra pv, al and pl), 11 (one extra pd), ten (extra p/, and pd
or ad), and 11 setae (one extra ad). Tibiae of at least some Sphaeroseius are very hypertrichous, bearing 16-14-14
setae on tibiae I-111, respectively.

Leg segments rarely have conspicuous cuticular, non-setigerous outgrowths. The female or both sexes
(when males are known) of a few taxa have relatively small, rounded or pointed spurs ventrally on coxae [-IV
(Narceolaelaps, some Jacobsonia and Scissuralaelaps) or on the anterior margin of coxa Il (Melittiphis). More
notable is the female of Neoberlesia, whose femur II has a strong ventral apophysis bearing a seta. In contrast
to other families (e.g. Ologamasidae, Parasitidac) whose males frequently have leg II with ventral protuberances
and modified setae, few known males of free-living or arthropod-associated laelapids are known to have sexually
dimorphic leg features. The males of a few scattered taxa have ventral apophyses or tubercles on femur II (e.g.
Cosmolaelaps rectangularis, Euandrolaelaps pavlovskii (Bregetova)) and also on genu Il (some Chapalania) or on
one or more segments of legs [I-1V (some Ololaelaps); femur IV of the male of M. crinitus has a ventral apophysis
bearing a seta. The same males also tend to have ventral spur-shaped setae that are absent in the female, including on
tarsus Il (some Chapalania, Jacobsonia and Ololaelaps). More remarkably, the male of E. pavlovskii has a ventral
spur-shaped seta borne on a long protuberance on tibia IV, and the male of Dynatochela has leg 11 enlarged, bearing
ventral spur-shaped setae.

Spermathecal apparatus. Almost invariably of the laclapid type (Alberti & Coons 1999: 1117). It should be
noted, however, that the spermathecal system is hard to discern in laelapids and rarely included in descriptions.

Morphological diagnoses of genera

This section presents diagnoses for each of the 73 genera, primarily based on information available in the literature.
In some cases, we complemented the diagnosis with information from direct observations of specimens, and this
was most useful for a few monotypic genera that were previously poorly studied, in particular Conolaelaps and
Iphiolaelaps. More information is available in the selected references listed at the end of each diagnosis, or those
presented in the catalogue under each generic name.

For each genus, we tried to describe the variability of morphological features as practically as possible, including
an estimated frequency (common vs rare) of each character state, while also highlighting the most diagnostic
features of the genus at the end of each diagnosis, and comparing with the most similar genera when possible. In
some cases, we specified character states of the type species when they differ from most species included in the
genus. The diagnoses are primarily based on adult females, although relevant sexually dimorphic features of males
are included when available and when they differ from normal (see below). Morphological features of immature
stages have not been included in the diagnoses, in part because of the lack of knowledge. Even for relatively well-
studied genera, information on nymphs and larvae are rare; e.g. out of 37 species of Dinogamasus, a diverse laelapid
genus studied by Lundgvist (1999), the deutonymph was known for a single species and the male for two species.
It should be noted that the study of larvae, protonymphs and deutonymphs will probably help find supra-specific
apomorphies and strengthen generic boundaries, for example hypertrichy and hypertrophied setae of the idiosoma
in protonymphs of Gecarcinolaelaps (Casanueva & Johnston, 1992), and opisthonotal setac elongate but J series
absent in Gromphadorholaelaps larvae (Gerdeman et al., 1998), as well as helping to determine setal homologies
in hypotrichous taxa or in which many setae have shifted positions. Given the magnitude of this work, there are
certainly some omissions or mistakes in the diagnoses, and virtually all generic diagnoses will benefit from more
detailed morphological studies and supporting molecular data.
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To keep each diagnosis as concise as possible, we did not repeat character states that are most common across
genera, but rather focused on deviations from those. For each genus, unless otherwise specified, these default states
can be considered characteristic of the genus treated (except for genera indicated as unsatisfactorily known):

»  Dorsal shield covering most of the idiosoma dorsally, leaving a moderately narrow strip of unsclerotised (soft)
cuticle exposed around the shield.

»  Setae are simple, i.e. relatively slender, smooth (without barbs).

* Legs without macrosetae (however, the legs are often understudied).

» Setae Jx and Zx absent; when present, setae Jx include at least one seta anteriad of setae J3.

e Tritosternum with pilose laciniae entirely free or at most fused for a short portion basally (however, the
tritosternum is understudied).

»  Sternal shield bearing s¢1-3 and including anterior endopodal elements between coxae I-II and between coxae
1111

» st4 inserted on soft (unsclerotised) cuticle.

* Epigynal shield of moderate size, extending posteriorly beyond coxae 1V, although distant from the anal
shield.

*  Anal shield inversely subtriangular or pear-shaped (these two shapes represent subtle variations), relatively
small.

+ Para-anal setae flanking anal opening, inserted between its anterior and posterior margins.

*  Males with holoventral shield, free of parapodal-exopodal plates (if males known).

*  Endopodal plate next to coxae III-1V well-developed, free from sternal shield (although it may be narrowly
abutting it).

» Parapodal element a narrow, inconspicuous sclerite bordering coxa IV posteriorly, or absent.

»  Peritreme long, i.e. reaching at least mid-level of coxa I; otherwise, it is specified as short—reaching more or
less coxa II; or very short—not reaching beyond coxa III.

*  Peritrematal shield narrowly developed (dorso-) laterally to peritreme, anteriorly fused to dorsal shield, and free
posteriorly, moderately extending posteriorly to stigma, at most reaching posterior edge of coxa I'V.

*  Metapodal platelet(s) present, small.

*  Pretarsi of all legs with well-developed pulvillus and paired claws.

* Female chelicerae chelate-dentate, with digits subequal, movable digit bidentate; pilus dentilis simple (short,
slender); arthrodial membrane with a corona of short filaments.

*  Male chelicerae chelate-dentate, movable digit unidentate.

»  Palp trochanter—tibia with respectively 2-5-6-14 setae.

»  Palp tarsal claw 2-tined.

*  Deutosternum with six transverse rows of denticles.

*  Corniculi well-developed, horn-like and subparallel to each other.

* All hypostomal setae (21-3) and seta pc present, generally mid-sized or long, /43 typically longest.

See also the last section of Methods for the definitions of terms that are commonly used.

Acantholaelaps Joharchi (Fig. 5)

Idiosoma 1000-1200 pm long. Dorsal shield oval, usually bearing only 28 pairs of setae, most setae of z-Z series and
s4 inserted near shield margin, and s2-3, 72-5, S3—4 inserted off shield (dorsum holotrichous except for lacking z3;
without Zx2-3); some of the latter (s2, S3) sometimes captured by shield, resulting in 29-30 pairs of setae on shield.
Setae S5 and Jv5 extremely long; j3, z4, s4 and Z5 long to very long (z3 putatively absent, alternatively to notation
in Joharchi et al., 2019); st1-5 long; other setae mostly mid-sized. Sternal shield irregularly eroded marginally, with
some endopodal elements often free from it; s¢1 off shield, on weakly sclerotised (lineate) presternal area. Epigynal
shield tongue-shaped, relatively small, bearing sz5. Post-anal seta much shorter than para-anal setae. Endopodal
plate absent. Peritrematal shield minimally developed, narrowly fused to dorsal shield. Dorsolateral and especially
opisthogastric unsclerotised cuticle strongly hypertrichous, with over 90 “pairs” of setae. Male with sternogenital
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and anal shields, and between them a discrete ventral shield, eroded marginally and bearing 15-16 setae of the
hypertrichous opisthogaster.

Cheliceral fixed digit with four teeth distal to pilus dentilis, including a large subapical offset tooth, followed
by a series of minute teeth. Epistome somewhat tongue-shaped (and mostly smooth) medially, with margin serrated
latero-basally. Deutosternum with rows of 12—20 denticles each. Internal malae with a pair of short lateral arms in
addition to median arms.

/

FIGURE 5. Female. Acantholaelaps Joharchi et al. (modified from Joharchi ef al., 2019): A, dorsal idiosoma; B, ventral
idiosoma; C, a distal section of tarsus showing a pretarsal claw with basoventral spur. Scale bar =200 pm for dorsum and venter;
tarsus not in scale.

Legs with dorsal macrosetae on femora I-II and genu I (pd1), femora and genua III-1V (adl) and tarsus IV
(ad2, pd2); tarsi II-1V with all, p/1 spur-shaped, and claws 1I-I1V each with a peculiar ventral spur basally. Leg
chaetotaxy normal.

The monotypic genus Acantholaelaps shares several features with most of the following genera associated
with scarab beetles or relatives (lucanids, passalids): Angosomaspis, Chapalaelaps, Chapalania, Coleolaelaps,
Dynastaspis, Hypoaspis, Lucanaspis, Mumulaelaps, Promacrolaelaps, including: (i) an epistome with a tongue-
like apex (sometimes more simply triangular) with serration mostly restricted to lateral margins, (i) legs with dorsal
macrosetae, (iif) dorsal setac Zx usually absent (Zx2—3 present in Hypoaspis, Zx2 in Lucanaspis and Mumulaelaps,
and uncertain for hypertrichous Angosomaspis), (iv) Jx setae absent (except in Chapalania); (v) z4, s4—5 and most
Z setae inserted more marginally than usual, (vi) some setae of the r-series, sometimes also of s-S series (as in
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Acantholaelaps and Coleolaelaps), off shield (except Chapalania), (vii) a few setae elongate, typically j3, z4—5 and
Z4, but S5 instead of Z4 in the case of Acantholaelaps (all setae tend to be long in Coleolaelaps, and the longest
setae in Angosomaspis are mid-sized), and (vii7) a minimally developed peritrematal shield. In addition, in contrast
to most other of these genera, Acantholaelaps has the sternal shield eroded marginally, with s¢1 often off the shield,
a feature shared with Mumulaelaps and many Coleolaelaps species. It also has strongly hypertrichous soft cuticle, a
feature shared mostly with Angosomaspis, but the latter has the dorsal shield hypertrichous with mostly very short
setae. Chapalania cifuentesi is also hypertrichous ventrally, but most of its idiosomal setae are very short and its
post-anal seta is extremely long. The post-anal seta of Acantholaelaps is short whereas the para-anal setae are long,
and most other idiosomal setae are mid-sized, other than some very long dorsal setae and Jv5. The spur-shaped setae
all, pl1 on tarsi II-1V are variously shared with several scarab-associated genera. The baso-ventral spur of claws of
Acantholaelaps appears to be a unique distinction. Selected reference: Joharchi et al. (2019).

Alloparasitus Berlese (Fig. 6)

Idiosoma 500—-700 um long. Dorsal shield suboval, with 39 pairs of setae, including Zx2—3 (there may be fewer or
more pairs in some species), with 0—4 unpaired Jx setae; setae generally mid-sized, subequal in length. Presternal
area with a pair of discrete platelets in at least some species (including the type species, A. oblongus as redescribed
by Evans & Till 1966), but apparently weakly sclerotised (lineate-reticulate) or platelets fused to sternal shield in
other species. Epigynal shield relatively large and long, ranging from flask-shaped (including in type species) to
more drop-shaped, abutting anal shield or reaching close to it; with 1-2 pair of opisthogastric setae (Jv1 and/or Zv1)
inserted on its margins in addition to sz5 (occasionally 1-2 Jv-Zv on unsclerotised cuticle instead, closely flanking
shield). Anal shield subtriangular or triangular. Parapodal plate moderately thick in the type species. Peritrematal
plate expanded posteriorly in the type species, bordering parapodal plate and reaching metapodal plate posteriorly;
plate narrower in other species, reaching slightly beyond coxa IV or not reaching it. Unsclerotised lateral and
opisthogastric cuticle usually including five or more pairs of setae (76, R setae) in addition to Jv-Zv setae.

FIGURE 6. Female. Alloparasitus Berlese (modified from Evans & Till, 1966): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars =200 pm for dorsum and venter, 100 um for chelicera.
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Cheliceral fixed digit usually with 3—6 teeth (and with a series of minute teeth in 4. femorata (Karg)). Epistome
mostly subtriangular, with margin serrate. Deutosternum relatively narrow, with rows of 4-6 denticles each in the
type species (unknown for other species).

Legs poorly studied. The type species has normal chaetotaxy except for genu IV bearing only eight setae,
including one a/ (1-2/1, 3/0-1).

The genus Alloparasitus is weakly defined, with no clear synapomorphy among species currently assigned to
it. Constituent species should be compared against the character states of the type species, which include presternal
platelets, peritrematal shields expanded posteriorly and a flask-shaped epigynal shield bearing Zv/ on its margin.
It may have affinities with Gymnolaelaps and Pseudoparasitus, both having, in contrast to Alloparasitus, 3-tined
palp tarsal claws and generally more developed parapodal plates. Fuandrolaelaps may be distinguished from
Alloparasitus by having ventral spur-like setae on leg II and an epigynal shield more typically drop-shaped and with
a neck narrower than in Alloparasitus. Selected references: Evans & Till (1966), Huhta & Karg (2010).

Androlaelaps Berlese (Fig. 7)

Idiosoma 400—1600 um long. Dorsal shield suboval to broadly oval or ovate, usually with 39 pairs of setae, including
Zx2-3; occasionally 4041 pairs including Zx1 and/or an extra seta near the r-series; sometimes fewer pairs (34-38),
lacking Zx2-3 or z3 (rarely other setae) and/or one or more r setae off shield; often with 14 Jx, sometimes more
(8-10); occasionally with 1-3 unpaired podonotal jx setae, or with moderate to strong hypertrichy spread across all
series (e.g. A. taterae (Zumpt & Patterson), A. walkerae Till). Setae very short to long (rarely very long), usually
subequal except sometimes longer anteriorly or marginally, sometimes only Z5 long. Sternal shield at least as wide
as long, usually slightly to much wider than long; shield occasionally eroded anteriorly, with s¢1 inserted on weakly
sclerotised (lineate-reticulate) presternal region. Epigynal shield tongue- to drop-shaped (rarely flask-shaped),
ranging from short and well separated from anal shield to long and (occasionally) reaching anal shield (including in
the type species, 4. hermaphrodita (Berlese)); bearing only s¢5 (exceptionally with Zv1 or Jv1 inserted on margin);
typically with 4-5 main transverse striae posteriorly to the inverted-V ridge. Post-anal seta subequal to moderately
longer than para-anal setae. Peritrematal plate anteriorly free or fused with dorsal shield. Lateral and opisthogastric
unsclerotised cuticle mostly with 5-15 R-UR setae in addition to Jv-Zv setae, sometimes more, exhibiting various
degrees of hypertrichy (bearing up to over 80 “pairs”). Males with holoventral shield or with sternogenitiventral
shield, moderately expanded in the opisthogastric region, well separated from anal shield, or expansive and abutting
anal shield (in A. hirstionyssoides (Costa)).

Cheliceral fixed digit mostly with 1-3 teeth, sometimes edentate; pilus dentilis usually inflated to various
degrees, if not inflated, at least longer than usual for laelapids. Male fixed digit regressed (i.e. shortened, narrowed,
and without apical hook), edentate, with pilus dentilis inserted in basal half (or more rarely near halfway of digit), and
movable digit usually also lacking teeth and apical hook, with typically broad, elongate spermatodactyl. Epistome
margin rounded and smooth. Corniculi sometimes reduced. Internal malae sometimes more heavily fimbriate, or
with thick threads (e.g. 4. walkerae). Deutosternum with rows of mostly 2—5 denticles each.

Some leg setae sometimes stout, in particular av of femur, genu and tibia II, and also ventral/subapical setae
on tarsus II. Leg chaetotaxy normal except genu IV nearly always with ten setae, including two p/ (only one in 4.
spatuliformis (Lavoipierre)); sometimes also tibia III with nine setae (including two p/), and more rarely genu III
with ten setae (including two pl) or tibia I with 14 setae (including two pv).

The related genus Haemolaelaps was recently re-erected and demarcated from Androlaelaps by Shaw (2014a)
(see remarks within the diagnosis section of Haemolaelaps below). Androlaelaps could also be confused with
other genera such as Fuandrolaelaps, Gaeolaelaps, Hypoaspis and Hypoaspisella. The chaetotaxy of genu IV, the
hypertrophied pilus dentilis and the smooth margin of the epistome (also in Hypoaspisella) of Androlaelaps are
useful distinctions from these genera, as well as the frequently more numerous setae on the soft idiosomal cuticle.
Gaeolaelaps and Hypoaspis also usually have a deutosternum with more than five denticles per row. Selected
references: Till (1963), Shaw (2014a).
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FIGURE 7. Female. Androlaelaps Berlese (modified from Evans & Till, 1966): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera with different forms of pilus dentilis. Scale bars = 150 pm for dorsum and venter, 25 pm for chelicera.

Angosomaspis Costa (Fig. 8)

Idiosoma about 900 pm long. Dorsal shield oval, markedly hypertrichous with about 150 setae, including 60-65
pairs and 25-30 (jx and Jx) setae mostly unpaired medially; most setae minute or very short, some longer, including
(putatively) j1-4, z2, z4, and s4 short to mid-sized, Z5 long; z1 and z3 apparently absent. Unsclerotised cuticle
also hypertrichous, dorsolateral margins with 32-35 pairs of mostly short setae, longer near posterior margin;
opisthogaster with 37—40 pairs of long to very long setae. Presternal area weakly sclerotised, lineate. Setae s71-5
very long. Sternal shield subquadrate, with endopodal extensions poorly developed. Circum-anal setae moderately
long, subequal. Epigynal shield tongue-shaped, rather large and reaching not far from anal shield, bearing s75.
Peritrematal plate minimally developed, with very short poststigmatal extension; free anteriorly.

Cheliceral fixed digit with two mid-sized subapical teeth distal to pilus dentilis, followed by a series of about
12 small teeth. Epistome triangular, with margin basally serrate and medially/apically smooth. Deutosternum with
rows of numerous minute denticles. Internal malae with a pair of short fimbriate lateral arms in addition to main,
medial arms.

Legs with one macroseta on each of femora II-1V (apicodorsally), and on tarsus IV (pd2). Tarsus II with two
subapical (all, pl1) spur-shaped setae. Leg chaetotaxy normal.

This monotypic genus shares similarities with other scarab-associated genera (see note in diagnosis of
Acantholaelaps) but can be distinguished from them by its hypertrichous idiosoma, with mostly minute setae on
dorsal shield, mid-sized setae on marginal soft cuticle and very long opisthogastric setae. Selected reference: Costa
(1971).
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FIGURE 8. Female. Angosomaspis Costa (modified from Costa, 1971): A, dorsal idiosoma; B, ventral idiosoma; C, chelicera.
Scale bars = 200 pm for dorsum and venter, 100 pm for chelicera.

Apolaelaps Silvestri (Fig. 9)

Idiosoma 650 um long. Dorsal shield truncate posteriorly, with about 33—35 pairs of setae (there is asymmetry in
the position and number of setae), apparently including Zx2-3; setae relatively long, longest posteriorly. Seta s#4
seemingly inserted on endopodal plate. Epigynal shield somewhat drop-shaped, very large, as broad as the sternal
shield and occupying nearly all the region between coxae III-1V; bearing st5. Post-anal seta thick, very long; para-
anal setae short. Unsclerotised cuticle with seven pairs of long setae behind dorsal shield, laterally with two pairs of
R setae and r2-3 anteriorly (on left side of Silvestri’s (1911) illustration; it is not entirely clear where is the boundary
between shield margins and soft lateral cuticle). Opisthogaster with seven pairs of mid-sized (Jv, Zv) setae, Jv5
long. Peritreme seemingly extending to coxa II, with peritrematal plate minimally developed, with a relatively long
extension behind stigma.

Cheliceral digits slender and edentate; without apparent pilus dentilis. Deutosternum seemingly without rows
of denticles.

Genus unsatisfactorily known, including leg chaetotaxy. The edentate chelicerae, long post-anal seta, broad
epigynal shield and truncate dorsal shield are its most distinctive features. Selected reference: Silvestri (1911b).
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FIGURE 9. Female. Apolaelaps Silvestri (modified from Silvestri, 1911b): A, dorsal idiosoma; B, ventral idiosoma; C, chelicera.
Scale bar = 100 um for dorsum and venter; chelicera not in scale.

Berlesia Canestrini (Fig. 10)

Idiosoma 500-800 um long. Dorsal shield weakly sclerotised, eroded marginally, sometimes incised laterally
between podonotal and opisthonotal regions, bearing only 9—14 pairs of setae, including setae of j-J series, z5, and
a few setae barely captured by the shield margin (e.g. z4, s4); lacking 5—15 pairs of setae (relative to holotrichy)
including J35; j-J setae and z35 short to minute (subequal within a species), other dorsal and ventral setae mostly
mid-sized; j1 usually on soft cuticle; unsclerotised dorsolateral cuticle with setae of r series, s6 and many of z-Z and
S series not captured by shield, and a cluster of sigilla anterolateral to shield. Presternal area weakly sclerotised,
lineate-granulate or undifferentiated, or with a pair of small platelets in males. Sternal shield abbreviated posteriorly,
so as to bear only s¢t1-2, seta 513 on unsclerotised cuticle. Epigynal shield small, more or less rounded posteriorly,
bearing s¢5; anterior hyaline section wide. Anal shield diamond-shaped, anal opening in anterior half of shield,
post-anal seta 1.5-2 times as long as para-anal setae, the latter inserted slightly behind, or at level of, hind margin of
anus. Endopodal plate reduced or absent. Peritreme very short (reaching coxa III at most); peritrematal plate almost
limited to poststigmatal region, tapered and curving posterolaterad of coxa I'V. Opisthogaster with only 67 Jv-Zv
setae to moderately hypertrichous, including area between epigynal and anal shields; unsclerotised dorsolateral
cuticle with only four to more than 20 pairs of setae (including s-S and r-R series). Male with a sternogenital shield,
bearing st1—4 or st1-5, with posterior margin irregular or rounded.

CATALOGUE OF LAELAPIDAE CANESTRINI Zootaxa 5184 (1) © 2022 See end page footer - 37



FIGURE 10. Female. Berlesia Canestrini (modified from Lindquist ez al., 2020): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars = 100 pm for dorsum and venter, 30 um for chelicera.

Cheliceral shaft swollen basally, tapered in distal half to two-thirds of length; movable digit laterad of (and not
apposed to) fixed digit, flaring outwards, with 2—3 large retrorse teeth (in addition to similarly shaped apical hook);
fixed digit essentially edentate, blunt, pilus dentilis vestigial; arthrodial corona absent in females (present in males).
Male chelicerae edentate, with regressed, attenuate fixed digit (slenderer than in female), movable digit reduced,
with at most a blunt apex, otherwise largely coalesced with a very long, sinuous spermatodactyl. Epistome ranging
from short and subtriangular to elongate, narrow and acuminate; margin smooth or with sparse denticles. Corniculi
somewhat hyaline, rounded apically; salivary styli sometimes very long (but always so in males), projecting well
beyond corniculi. Internal malae much longer than corniculi. Deutosternum with 10—13 rows of mostly 1-2 denticles
each. Seta pc as well as one seta of each of coxae I-III (sometimes V) with bulbous base.

Legs with some of the apicodorsal setae of femora, genua and tibiae thickened and elongate (macrosetae). A few
leg segments with reduced chaetotaxy relative to normal, mostly femur I with 11-12 setae (including at most three
ventrals), and both genu and tibia I with 10—12 setae (at most with five dorsals, and often with only two ventrals);
in contrast, genu IV with ten setae (including two ventrals). All pretarsal claws reduced.

The remarkably modified chelicera of Berlesia is the most diagnostic feature of the genus. The very short
peritremes, short sternal shield, eroded and hypotrichous dorsal shield, diamond-shaped anal shield, and deutosternum
with many rows of 1-2 denticles can further reinforce its identification. Berlesia is closely related to Katydiseius
(see main differences in key of Katydiseiinae in Lindquist et al., 2020: 44). Selected reference: Lindquist ez al.
(2020).
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Bisternalis Hunter (Fig. 11)

Idiosoma 500-1000 pm long. Dorsal shield broadly oval, covering all dorsum of idiosoma, mostly with 39 pairs
(usually including Zx2-3) of short to long setae, always longer (and thicker) in posterior region or posterolateral
margins, and sometimes barbed; with 1-2 Jx setae between J2—4 setae. Laciniae of tritosternum with reduced
pilosity and fused for a significant portion basally. Presternal area usually weakly sclerotised, lineate; setae s¢1
close to each other and on a single platelet, which may be partially fused with sternal shield (except in B. camargoi
Baker et al., st1 farther apart and on weakly sclerotised area), or divided medially. Sternal shield broad and usually
strongly concave posteriorly (barely concave in B. camargoi), setae st3 2.5-3 times as far apart as setae st1; st4
borne on endopodal plate or on unsclerotised cuticle. Epigynal shield large, snake-head shaped, typically acuminate
posteriorly (may be blunt or bilobed), more or less reaching anal shield; distinctly ornamented with 2—4 rounded,
U- or V-shaped striae; bearing st5, occasionally inserted quite mesad, away from lateral shield margins. Anal shield
crescentic to subtriangular, always concave anteriorly; anus often close to anterior shield margin, with para-anal setae
aligned with or posterior to hind margin of anus; post-anal seta subequal to para-anal setae. Parapodal plate typically
enlarged. Peritrematal shield minimally developed, except for a short extension behind stigma, and apparently fused
anteriorly with dorsal shield in at least some species. Dorsolateral and opisthogastric unsclerotised cuticle with 4—8
R-UR setae in addition to Jv-Zv series, setae usually spine-shaped and tylochorous.

FIGURE 11. Female. Bisternalis Hunter (modified from Baker et al., 1984): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bar =200 um; chelicera not in scale.

Gnathosoma small, positioned ventrally, partly hidden by idiosoma in dorsal view. Cheliceral fixed digit with
1-2 teeth distal to pilus dentilis. Male movable and fixed digits sometimes edentate (although with apical hooks as
in female). Epistome margin smooth. Deutosternum with rows of 1-7 denticles each (except: 9-10 rows of 7-10
denticles in B. mexicanus Baker et al.). Corniculi small.

Legs with a few to several setae spine-shaped, often including apicodorsal setae of femora. Leg chaetotaxy with
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a few discrepancies from the norm in at least some species, including genu IV with ten setae, including two p/ or
two ventrals.

Bisternalis may resemble several Holostaspis or Myrmozercon species due to their large snake-head shaped
epigynal shield combined with an anteriorly concave anal shield, small gnathosoma, a smooth epistome and weak
corniculi, and posterodorsal and opisthogastric setae long and thick. It also has an epigynal shield almost reaching
the anal shield, like most Holostaspis, as well as tylochorous setae, like at least some Holostaspis. It has a sternal
shield broadened and almost U-shaped, similar to many Myrmozercon, but differs from them and other laelapid
genera by setae s¢1 borne on a platelet partly or entirely detached from the sternal shield. Selected references: Hunter
(1963), Baker et al. (1984).

Blaberolaelaps Costa (Fig. 12)

Idiosoma about 900 pm long. Dorsal shield broadly ovate, truncate posteriorly, with significant area of unsclerotised
cuticle exposed laterally and posteriorly; shield bearing 24-26 pairs of setae, with central setae (j4-6, z5, J setae)
minute; most other setae short to elongate, inserted near shield margin; at least z4, s4 and Z4 long to very long;
lacking at least nine pairs of setae (including ;2, z1, z3, z6, and 1-2 setae of the J series); few setae shifted off
shield (e.g. s6). Sternal shield moderately wider than long. Epigynal shield drop-shaped, mid-sized, bearing sz5.
Anal shield obovate; post-anal seta much thicker and at least twice as long as para-anal setae. Parapodal-exopodal
platelet moderately thick, posterolaterad of coxa I'V. Peritreme relatively broad and sometimes shortened (reaching
only level of anterior margin of coxa II); peritrematal plate minimally or narrowly developed, free anteriorly, with
very short extension behind stigma. Soft opisthogastric and dorsolateral cuticle with 4—11 pairs of setae in addition
to Jv-Zv setae, Jv5 elongate. Male with sternogenitiventral shield, irregularly rounded posteriorly, bearing s#1-5 and
2-3 opisthogastric pairs of setae, not expanded laterally behind coxae IV, and distant from anal shield.
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FIGURE 12. Female. Blaberolaelaps Costa (modified from Costa, 1980): A, dorsal idiosoma; B, ventral idiosoma; C, chelicera.
Scale bars = 200 um for dorsum and venter, 25 um for chelicera.
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Both cheliceral digits narrow, tapered, especially movable digit, which is longer than fixed digit; apical hooks
weakly developed; fixed digit with a small subapical tooth. Male cheliceral digits normal, more strongly chelate-
dentate than in female. Epistome triangular, with a well-developed fringe of blunt denticles. Deutosternum with
rows of 4—7 denticles each. Palp trochanter with seta v2 (inner seta) elongate (reaching apex of femur), unusually
flattened and lightly sclerotised, hyaline.

Legs may have elongate and thickened setae, such as adl1 of femora and genua III-1V. Leg chaetotaxy normal
except for genu IV, which bears ten setae, including two ventrals.

The dorsal shield of Blaberolaelaps has long marginal setae and elongate Jv5, which are reminiscent of Hypoaspis
and related scarab associates (see remarks in diagnosis of Acantholaelaps). It can be distinguished from them by the
combination of its broad, truncate dorsal shield with minute central setae, generally more pronounced hypotrichy
(Chapalaelaps and some Chapalania also very hypotrichous), long, thick post-anal seta, fimbriate epistome, weakly
dentate chelicerae with long, tapered movable digit, and genu IV bearing two ventral setae. Selected references:
Costa (1980), Hunter et al. (1988).

Chapalaelaps Gwiazdowicz et al. (Fig. 13)

Idiosoma about 800 um long. Dorsal shield suboval to broadly oval, with only 17—19 pairs of setae, lacking 14—15
setae such as j2 and many setae of z-Z, § and sometimes also J series; at least r-series off shield, on unsclerotised
cuticle (along with 5—7 R setae); 2—3 pairs of setae very long (and wavy), including marginally-inserted s4 or s5 and
Z4; other setae also inserted near shield margin, mid-sized to long, except more central j-J series and z5—6, which
are very short or minute, except j4 occasionally long. Sternal shield wider than long, partly or entirely granular,
lightly sclerotised, with anterior margin sometimes indistinct with s¢1 on weakly sclerotised area; posterior margin
often concave; setae st1-3 relatively long. Seta st4 apparently minute in C. secretumsternalis Gwiazdowicz et al.
Epigynal shield mid-sized, tongue-shaped to somewhat snake-head shaped (as it is slightly bulging behind sz5 in one
species), bearing s5. Anal shield obovate to subtriangular; circum-anal setae mid-sized, subequal. Peritrematal plate
minimally or narrowly developed, with or without a short extension behind stigma; fused anteriorly with dorsal
shield at least in some species. Unsclerotised opisthogastric cuticle with 8-9 Jv-Zv setae, Jv5 very long.

Cheliceral fixed digit with 4—7 teeth, mostly small and distal to pilus dentilis. Epistome subtriangular, slightly
projecting medially into a more or less tongue-shaped process, densely denticulate. Deutosternum with rows of
1015 denticles each.

Femur IV with a strong macroseta (ad1), sometimes femur Il with pd1-2 also elongate. Ventral setae of genua
to tarsi [I-1V often moderately thickened, as well as all, p/1 of tarsus II. Leg chaetotaxy normal, except for one
undescribed species with femur II bearing only two ventral setae (pv2 absent, or v3 sensu Evans, 1963: 291).
Pretarsus I with greatly reduced claws.

Chapalaelaps has similarities with Hypoaspis and other scarab-associated genera (see diagnosis section of
Acantholaelaps), particularly with Chapalania, both genera having sternal shields granular and dorsal shields with
a few very long marginal setae and very short central setae. However, Chapalaelaps is more hypotrichous dorsally
and has a strong macroseta on femur 1V, whereas Chapalania has macrosetae on genua III-1V, very long post-anal
seta, and femur II strongly constricted medially. Selected reference: Gwiazdowicz et al. (2020b).
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FIGURE 13. Female. Chapalaelaps Gwiazdowicz et al. (modified from Gwiazdowicz et al., 2020b): A, dorsal idiosoma; B,
ventral idiosoma. Scale bar =200 um.

Chapalania Hoffmann & Loépez-Campos (Fig. 14)

Idiosoma 800-900 pm long. Dorsal shield broadly oval to subcircular, with unsclerotised cuticle exposed mostly
posteriorly, varying from hypotrichous to hypertrichous; with four pairs of greatly elongate setae marginally (some
possibly as long as the dorsal shield), three on shield margin (including s4 and Z4 in one species; difficult to identify
in the other species) and one (putatively R seta) inserted on soft cuticle exposed posterodorsally; other setae vary
from minute to moderately long; shield lacking some setae (j3 and 2—3 z setae apparently lost; nine setae of the Z-,
s-S and r-series also lost in C. erichi, having only 24 pairs on shield) but with notable hypertrichy in the region of s-
and r-series in one species (C. cifuentesi, with about 46 pairs on shield); one Jx seta present in one species (between
J3—4). Sternal shield microtuberculate, slightly wider than long; devoid of setae in one species (C. erichi, with only
traces of s#2-3 sockets). Epigynal shield tongue-shaped, although sharply bulging at level of s5z5 in C. erichi. Anal
shield relatively elongate posteriorly; post-anal seta far from anus and very long, about twice as long as anal shield;
para-anal setae short. Unsclerotised dorsolateral and opisthogastric cuticle hypertrichous or not, with setae varying
from minute to long. Peritreme moderately short (not reaching coxa I), peritrematal plate minimally developed, with
a very narrow extension posterior to stigma, and free anteriorly.

Cheliceral fixed digit with four teeth, three of them apical to pilus dentilis. Chelicera of known male (of C.
cifuentesi) with movable digit without teeth, and with spermatodactyl apparently originating from internal (dorsal)
surface of digit. Epistome variable, either truncate and serrate, or triangular and serrate only in latero-basal portions.
Deutosternum with rows of 4-9 denticles each.
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FIGURE 14. Female. Chapalania Hoffmann & Lopez-Campos (modified from Hoffmann & Lopez-Campos, 1995): A, dorsal
idiosoma; B, ventral idiosoma; C, chelicera. Scale bars = 300 pum for dorsum and venter, 100 pm for chelicera.

Femur II strongly constricted medially. Genua III-IV with at least ad1 very long (macroseta); a few other setae
are longer than others on genu I-II and on femora of C. erichi, but not as markedly as adl of genua III-IV. Leg
chaetotaxy normal except for femur II having only ten setae (lacking a/l) in C. erichi. Leg Il of male bearing non-
setigerous spurs on femur and genu, and stout ventral setae on tibia and tarsi.

This small genus exhibits heterogeneity for several characters, but the medially constricted femur II is a strong
apomorphy for the genus, with the diagnosis further reinforced by the granular sternal shield, the four whip-like
dorsal setae, strong macrosetae on genua III-IV, much longer than setae on respective femora, very long post-anal
seta and relatively short peritreme. It is most similar to Chapalaelaps (see above). Selected references: Hoffmann
& Lopez-Campos (1995), Gwiazdowicz & Nemati (2018).

Coleolaelaps Berlese (Fig. 15)

Idiosoma 800-1200 pum long. Dorsal shield usually with lateral incisions between podonotal and opisthonotal
regions, which vary in extent even intraspecifically; opisthonotal region nearly always narrower (rarely the shield is
oval, with lateral margins entire, e.g. C. abnormalis Costa & Hunter); shield with at most 28 pairs of setae, usually
21-25 pairs; z3 often absent, sometimes also z6; many setae not captured by shield, but on soft cuticle, typically
s1-3, s6, all » setae, and most or all S setae (along with 6-16 pairs of R and UR setae, occasionally more). Most
idiosomal setae long to very long (and sometimes wavy), the longest typically along shield margin and posteriorly,
including Jv5. Sternal shield usually eroded, endopodal fragments free or partly fused to shield (occasionally shield
entire, normal); anterior shield margin often indistinct, with s¢1 inserted on shield edge or on weakly sclerotised
(lineate-reticulate) presternal area; shield densely reticulate. Epigynal shield typically drop-shaped, particularly
narrow at level of coxa IV; st5 on or off shield; shield typically ornamented with many narrow, elongate cells.
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Endopodal plate usually narrow, sometimes absent. Anal shield pear-shaped, drop-shaped or obovate. Post-anal
seta usually distinctly longer than para-anal setae, the latter usually inserted close to level of hind margin of anus.
Peritreme occasionally slightly shortened, not reaching coxa I; peritrematal plate minimally developed except for
(usually short) extension behind stigma (rarely fused to exopodal 1V), free anteriorly. The few known males have
a sternogenitiventral shield, eroded marginally, barely extending into opisthogastric region, or shield fragmented,
with anterior fragment bearing 2—3 pairs of sternal setae.

FIGURE 15. Female. Coleolaelaps Berlese (modified from Joharchi & Halliday 2011): A, dorsal idiosoma; B, ventral idiosoma;
C, chelicera. Scale bars = 200 um for dorsum and venter, 50 um for chelicera.

Cheliceral fixed digit usually with 2—3 teeth (small or mid-sized) apical to pilus dentilis, followed by a series
of 612 very small to minute teeth. Internal malae occasionally with a pair of lateral fimbriate arms, in addition
to main, medial arms. Epistome variously subtriangular, usually distinctly serrate, at least on latero-basal margins
(rarely mostly smooth). Deutosternum relatively broad, with ten or more denticles per row. Internal malae often with
a pair of short fimbriate arms laterad of the median pair. Hypostomal setae 43 generally mid-sized, subequal to, or
not distinctly longer, than 41-2.

Legs III-1V longer than usual; leg I never longer, usually quite shorter, than leg III. Leg IV nearly always with
dorsal macrosetae, especially on femur (ad1), genu (at least adl), tarsus (at least ad3, pd3) and often tibia (one or
more dorsals). Some leg setae are occasionally thickened or spine-shaped, including on tarsus II (although usually
not apically blunt, spur-shaped). Leg chaetotaxy mostly normal, except genu IV with 9-10 setae, often including
two pl; tibia III of type species, C. agrestis (Berlese) with nine setae (including two p/), and exhibiting variations
at least on femur III, sometimes with seven setae (including two p/), and genu I, sometimes with 11-12 setae (one
or both av lost).

Coleolaelaps has many of the distinctive features of other scarab associates (see remarks at the end of
Acantholaelaps diagnosis), but differs from them and other laclapids by the combination of: a dorsal shield attenuated
posteriorly, often laterally incised, bearing 21-28 long setae; eroded, densely reticulate sternal shield; relatively
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narrow epigynal shield; long legs, including leg I shorter than leg I1I, and genu IV often with two pl; post-anal seta
longer than para-anals, and /43 not distinctly longer than 41-2. Selected references: Costa & Hunter (1971), Joharchi
& Halliday (2011).

Conolaelaps Womersley (Fig. 16)

Idiosoma about 500—700 long. Dorsal shield thinly sclerotised, strongly truncate posteriorly, leaving a considerable
area of soft cuticle exposed laterally and even more posteriorly; with only 23 pairs of setae, lacking at least ten
pairs; all setae minute. Dorsal and opisthogastric unsclerotised cuticle with 24-26 pairs of minute to very short
setac mostly distributed posterior to shield; an isolated platelet flanking dorsal shield anterolaterally. Tritosternum
with laciniae very short, smooth except apically. Presternal area with two small, rounded platelets, distant from each
other; sternal shield with sz1 minute, on shield edge. Epigynal shield small, narrow, more or less tongue-shaped,
bearing st5, not or barely overlapping sternal shield anteriorly. Setae st2—5 and 3—4 (pairs of) Jv-Zv setae stout,
bulbous. Anal shield oval, anus in posterior half of shield, circum-anal setae very short. Metapodal plate absent.
Peritreme extremely short or virtually absent; peritrematal plate small, tapered and free on both ends.

FIGURE 16. Female. Conolaelaps Womersley (based on originals by D.E. Walter, with permission): A, dorsal idiosoma; B,
ventral idiosoma. Scale bar = 200 pm.

Cheliceral fixed digit with 1-2 teeth; male chelicerae apparently edentate, without fixed digit and with
long spermatodactyl. Epistome somewhat elongate, with margin apparently denticulate. Deutosternum tapering
posteriorly, with rows of 4—7 denticles. Internal malae without fimbriae. Hypostomal setae 213 and seta pc very
short. Palp chaetotaxy reduced, with femur—tibia seemingly bearing as few as 4-4-12 setae, respectively.

Legs short. Most setae very short; femora [-IV with ad1 and genua II-1V with some dorsals thickened or cone-
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shaped. Legs with reduced chaetotaxy, including femur I with ten setae (2—4/2-2), femur Il with nine setae (1-2/1,
2/2-1), genua I-IIT with six setae (1-2/0, 2/0-1), genu IV with seven setae (1-2/0, 2/1-1), tibia I with eight setae
(1-2/1, 2/1-1), tibiae II-1V with seven setae (1-1/1, 2/1-1). All pretarsal claws absent or vestigial, pulvilli relatively
large.

A monotypic genus recognisable by its reduced dorsal and epigynal shields, minute setae except for 7-8 pairs of
bulbous setae ventrally, and strongly reduced peritreme, hypostomal setae, claws, palp and leg chaetotaxy. Selected
reference: Womersley (1959).

Cosmolaelaps Berlese (Fig. 17)

Idiosoma 400-1000 pm long. Dorsal shield broadly oval to suboval, occasionally tapered posteriorly; usually with
39 pairs of setae, including Zx2-3, as well as 1-5 unpaired Jx setae; occasional (apparent) departure from this
pattern includes: 0—1 Zx only; no Jx setae, or in contrast, 9-20 additional setae (exceptionally more) between or
among the standard J (or even Z) series; rarely one or more primary setae lost. Dorsal setae variously modified in
shape, always involving some thickening of the setal shaft, either mostly apically, resulting in spatulate or leaf-like
setae (and often tricarinate and mucronate); or thickening mostly basally, with the seta bulging asymmetrically
near base, the bulge extending and tapering along the shaft, resulting in lanceolate, knife- or scimitar-like setae;
basal lobe present in most species, and varying from gently, narrowly to strongly rounded, which is sometimes the
only setal modification, with setae otherwise appearing simple; setae occasionally apically barbed. Presternal area
typically weakly sclerotised, lineate-granulate, occasionally with discrete platelets or fused with sternal shield; s¢1
off shield, on weakly sclerotised area, in a few species. Epigynal shield variously tongue-, drop- or nearly flask-
shaped, bearing only st5, enlarged in some species (rarely shield greatly enlarged and bearing 1-3 additional pairs
of setae). Post-anal seta usually subequal to, or slightly longer than para-anal setae. Unsclerotised opisthogastric and
dorsolateral cuticle with normal chaetotaxy, rarely with more than ten (including R-UR) setae other than Jv-Zv setae;
posteriormost setae often similarly modified as dorsal setae.

FIGURE 17. Female. Cosmolaelaps Berlese (modified from Moreira et al., 2014): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars =200 pm for dorsum and venter, 10 um for chelicera.
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Cheliceral fixed digit with a wide-ranging number of teeth (2—14), sometimes including a series of many small
teeth. Epistome convex, occasionally acuminate; with margin serrate. Deutosternum typically broad, with over
ten denticles per row, occasionally fewer. Internal malae sometimes with a pair of short lateral fimbriate arms in
addition to median ones, or with long thick threads.

Legs often with some stout or spatulate setae (variably similar to dorsal shield setae). Leg chaetotaxy normal,
with rare exceptions (e.g. genu IV with two p/ in C. cuneifer).

In its current concept, which essentially follows that of Berlese (1903b) and Evans & Till (1996), Cosmolaelaps
represents a diverse assemblage of taxa. Some species (e.g. C. cuneifer and relatives) share a key feature with
Stratiolaelaps, namely the spatulate-tricarinate setae of the dorsal shield and opisthogaster, but Cosmolaelaps
species can be distinguished from Stratiolaelaps by their shorter chelicerae and corniculi, narrower peritrematal
shield and sternal shield not strongly developed anterolaterally. Selected reference: Moreira et al. (2014).

FIGURE 18. Female. Cyclothorax von Frauenfeld (modified from Triagardh, 1949): A, dorsal idiosoma; B, ventral idiosoma;
C, chelicera. Scale bar = 200 pm; chelicera not in scale.

Cyclothorax von Frauenfeld (Fig. 18)

Idiosoma 14002000 pm long. Dorsal shield subcircular, flattened, highly sclerotised and sculptured, covering all
idiosoma dorsally, apparently hypotrichous, bearing a row of 611 pairs of relatively short, stout setae, corkscrew-
shaped in at least one species (C. mirabilis (Trédgardh); in contrast, Johnston (1960) show relatively long, spine-like
setae for the male of C. pagurophilus (André)) along posterior shield margin; at least three other pairs of thick setae
scattered along anterolateral margins (including j/); other setae inconspicuous or very short, including eight pairs
centrally and several more submarginally (based on André’s (1937) description of C. pagurophilus). Sternal shield
somewhat funnel-shaped, strongly sclerotised anteriorly, including well-developed, straight, anterolateral arms
between coxae I-1I; more thinly sclerotised and tongue-shaped posteriorly; s¢1 inserted on lightly sclerotised cuticle
anteriorly; 523 on shield edge or on unsclerotised cuticle. Epigynal shield drop-shaped, s75 on unsclerotised cuticle.
Anal shield relatively large, obovate to pear-shaped, strongly sclerotised either along its entire margin (presenting
as a dark strip) or in its outer lateral margins (as two dark marginal bands flanking the softer central area); post-anal
seta stout, moderately longer than para-anal setae. Opisthogaster mildly to highly hypertrichous, with setae (all
very short) mostly clustered in region surrounding anal shield. Peritreme long, almost devoid of surrounding plate.
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The only known male with genital opening removed anteriorly from a sternal shield that is considerably eroded
posteriorly, and with a separate irregular fragment between coxae 1V, barely reaching opisthogastric region; and
separate anal shield.

Gnathosoma small, positioned ventrally. Cheliceral digits slender, styliform, edentate, apparently without pilus
dentilis. Chelicerae of the only known male edentate, but movable digit apically hooked and fixed digit bent apically.
Epistome serrate. Deutosternum with 12 rows of many denticles each (based on C. pagurophilus). Salivary styli
elongate (at least in male).

Leg I particularly small, slender (less so in males). Legs with many stout setae, including conical or bulbous
setae subapically on tarsi [I-1V; and corkscrew-shaped setae on trochanter I and near apex of tarsus II in at least C.
mirabilis. Leg chaetotaxy poorly studied. Pretarsus I with minute claws.

Although unsatisfactorily known, Cyclothorax can be most easily recognised by its small gnathosoma hidden
under the nearly circular, strongly sculptured dorsal shield with thick posteromarginal setae, funnel-shaped sternal
shield, anal shield more sclerotised marginally, legs with bulbous setae, and finger-like cheliceral digits. Selected
references: André (1937), Tragardh (1949), Johnston (1960).

Dicrocheles Krantz & Khot (Fig. 19)

Idiosoma 500-700 pm long. Weakly sclerotised mites. Idiosomal setae very short to mid-sized, generally subequal
within a species. Dorsal shield reduced in size, so as to bear only 5-11 pairs of setae, and leaving most of the
idiosoma exposed; strongly hypotrichous, lacking setae in all series, including J series. Unsclerotised cuticle around
shield with 20-35 pairs of setae, usually including at least two pairs near anterior margin, not captured by the
shield; soft opisthogastric cuticle with 10-20 pairs of setae. Tritosternum base very short, laciniae with reduced
pilosity. Sternal shield with endopodal extension weakly developed, especially posteriorly, with 523 on shield edge
or on unsclerotised cuticle. Seta st4 always absent. Epigynal shield relatively short, varying from subrectangular to
somewhat drop-shaped; anterior hyaline portion well-developed, tapering, typically reaching beyond sz2 level; st5
on soft cuticle, near level of posterior margin of epigynal shield. Anal shield usually terminal or nearly so, bearing
circum-anal setae and usually also 2—3 extra pairs of setae on anterior shield margin (technically a ventrianal shield,
although shield remains small, suboval or obovate); rarely only with circum-anal setae. Endopodal plate reduced
or absent. Peritreme very short; peritrematal plate shortened and free anteriorly, and posteriorly curving inward
to merge with podal strip behind coxa IV (or apparently absent in one species). Males with sternogenital shield,
irregular posteriorly, capturing s¢5 or not.

Fixed cheliceral digit reduced to two tapered, blunt lobes flanking movable digit; pilus dentilis absent; movable
digit claw-like, with a single strong tooth; lacking arthrodial corona. Male chelicera entirely edentate, with fixed digit
a single blunt lobe and movable digit vestigial or largely fused with the relatively short spermatodactyl. Epistome a
short rounded lobe (possibly longer in males), with smooth margin. Seta 43 usually absent. Corniculi approximate,
blunt, usually notched apically; salivary styli elongate, extending beyond tip of corniculi or projecting laterally.
Internal malae reduced, without fimbriae. Deutosternum with 12—16 rows of 4-8 denticles each. Palp chactotaxy
variously reduced, including trochanter, femur and genu with 0-2, 3—4, and 4-5 setae, respectively.

Leg setae short. Major reduction in leg chaetotaxy, with virtually all leg segments having one to several setae
lost relatively to normal pattern; coxa I often with one seta; trochanters with 4-5 setae; femora -1V respectively
with 12 (lacking one pv), 10—11 (sometimes lacking one ad or one al), five (lacking pl), 5-6 setae (usually lacking
pl); genu I with 8-9 setae (1 or 2-2/1, 2/1-1), genua II-1II with 67 setae (1 or 2-2/0, 2/0—-1), genu IV with 67 setae
(1-2/0 or 1, 2/0-1), and tibia I with usually eight setae (1-2/1, 2/1-1), tibiae II-1V with seven setae (1-1/1, 2/1-1).
Setal loss varies between and within species for certain leg segments. All pretarsi with reduced claws.

This highly distinctive genus shares several features with Berlesia, notably the general morphology of chelicerae
and corniculi, and having deutosternum with over ten rows of denticles, but even more so with Katydiseius, which
also has significantly reduced leg and palp chaetotaxy. Dicrocheles differs from these two genera by its dorsal shield
with fewer setae, (small) ventrianal shield, and the absence of st4. Selected references: Krantz & Khot (1962), Treat
(1970), Lindquist et al. (2020: 41).
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FIGURE 19. Female. Dicrocheles Krantz & Khot (modified from Treat, 1970): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars = 100 um for dorsum and venter, 15 pm for chelicera.

Dinogamasus Kramer (Fig. 20)

Idiosoma dorsoventrally flattened, 900—3500 um long. Dorsal shield suboval to variously tapered posteriorly; lateral
margins often irregular or with incisions (slightly posterior to midway); dorsum hypertrichous, ranging from mild to
extreme hypertrichy (with ca. 46 to more than 250 irregular pairs of setae on dorsal shield), including dorsolateral
unsclerotised cuticle; level of dorsal hypertrichy reflected on the opisthogaster; hypertrichy sometimes localised (e.g.
Jj-series often not, or less, hypertrichous), and, setae other than dorsocentrals (j-J) often inserted more marginally
than normal, resulting in overall median area relatively bare compared to hypertrichous margins. Idiosomal setae
most often short or very short, sometimes mid-sized, usually subequal within species except, occasionally, for (7)
long marginal setae, especially on anterodorsal shield margin and on unsclerotised lateral and opisthogastric cuticle,
or (if) a few scattered dorsal setae distinctly longer; s¢1-5 usually long. Sternal shield usually eroded along (poorly
defined) margins, subquadrate, bearing only 1-2 pairs of setae, with s£3 always and s72 seldom off the shield;
st] sometimes on anterior desclerotised portion of shield; occasionally with a few unpaired extra setae medially
on shield; poroid iv2 frequently on unsclerotised cuticle. Seta s#4 absent in some species. Epigynal shield small,
narrow, flask-shaped to subrectangular; sz5 on unsclerotised cuticle; shield distant from (not overlapping anteriorly)
sternal shield. Anal shield relatively large, variously elongate posteriorly, ranging from pear-shaped with posterior
half (normally) tapered, to subrectangular with posterior margin broad, appearing truncate; cuticle desclerotised
around anus in some species; post-anal seta subequal to, or moderately longer than para-anal setac. Endopodal and
metapodal plates absent. Peritreme absent (if present, rarely: very short); stigma enlarged, surrounded by a fimbriate
frame, typically with a lightly sclerotised peritrematal plate narrow and free anteriorly, or sometimes fused to dorsal
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shield; plate may be indiscernible or absent. Known male with anal shield, and a sternogenital shield with margins
eroded.

Chelicera with movable digit robust, strongly curved, hook-shaped; fixed digit narrower, usually reduced,
ranging from almost as long as movable digit to absent; digits with 0-2 (usually small) teeth. Epistome a simple
arch. Deutosternum with inconspicuous transverse ridges, without denticles. Corniculi approximate, typically very
short and blunt or truncate, but ranging from small, horn-shaped to vestigial. Seta pc sometimes with base inflated.
Palp tibia with only 12 setae.

FIGURE 20. Female. Dinogamasus Kramer (modified from Joharchi et al., 2016): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars =400 um for dorsum and venter, 100 um for chelicera.

Legs I-II robust, subequal, legs III-1V narrower and longer. Many leg setae variously modified in shape, most
strikingly on legs I-I1, typically including dorsal macrosetae on femora I-II; bulbous, cone- or spur-shaped setae
mostly on genua and tibiae I-II (dorsal and p/ setae), tarsi I-II (mostly ventrals) and coxae I-III. Pattern of setal
modifications highly variable between species. Leg chaetotaxy with more setae than normal for laelapids, primarily:
femur [ usually with 14 setae (including six dorsals); femora III-1V with seven setae (including two ventrals); genu
IIT with ten setae (including two p/), genu IV with 11 setae (including two p/ and two ventrals). Trochanter IV
sometimes with six setae, including a p/ seta.

This monotypic genus can be easily distinguished by its enlarged stigmata without peritreme, generally
hypertrichous idiosoma, reduced fixed digit opposed to a hook-like movable digit, small sternal and epigynal shields,
st3 and st5 on unsclerotised cuticle, subrectangular anal shield, reduced corniculi, and augmented leg chaetotaxy.
Selected reference: Lundqvist (1999).
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Dynastaspis Costa (Fig. 21)

Idiosoma 1000—1100 wm long. Dorsal shield suboval, with 31-32 pairs of setae; z4, s4—5 and most Z setae inserted
closer to shield margin than usual; lacking z3 and/or z6, and 2—4 and 56 off shield; 4-5 pairs of very long, whip-like
setae (some wavy), including at least z4, s4—5 and Z4 (j3 also usually long); other marginal setae at least mid-sized,
central setae short. Presternal area weakly sclerotised, lineate-reticulate and granulate; sternal shield about as long
as wide, densely reticulate; eroded in posterolateral corners in one species. Epigynal shield tongue- or drop-shaped,
relatively large, ornamented with many narrow, elongate cells; bearing st5. Post-anal seta mid-sized, subequal or
slightly shorter than para-anal setae. Peritrematal plate nearly completely absent, almost devoid of extension behind
stigma. Unsclerotised dorsolateral and opisthogastric cuticle mildly hypertrichous, including 13—17 pairs of R-UR
setae in addition to Jv-Zv setae (and » and s setae above-mentioned); all ventral setae long, Jv5 very long.

FIGURE 21. Female. Dynastaspis Costa (modified from Costa, 1971): A, dorsal idiosoma; B, ventral idiosoma; C, chelicera.
Scale bar = 200 um for dorsum and venter, 100 um for chelicera.

Cheliceral fixed digit with 5-8 teeth of variable size, including two small teeth distal to pilus dentilis. Epistome
subtriangular, rounded apically, with a few denticles on lateral margins or none. Deutosternum with rows of 10-18
denticles each. Internal malae with a pair of short lateral fimbriate arms in addition to the median, contiguous pair.

Legs with a very strong macroseta on femur IV (adl), and 1-4 moderately strong macrosetae on tarsus IV (at
least pd2), and sometimes on femora II-III (adl or pd1). Tarsus II with stout ventral/subapical setae, including a/l,
pl1. Leg chaetotaxy normal, except that tibia I1I occasionally with nine setae, including an additional p/ seta.

Dynastaspis shares features with other scarab associates (see remarks at the end of diagnosis for Acantholaelaps).
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Like Coleolaelaps, it has densely reticulate sternal and epigynal shields. In contrast, Dynastaspis has short central
setae, and Coleolaelaps has many distinctive features absent in Dynastaspis (see end remarks for Coleolaelaps).
Selected references: Costa (1971, 1976).

Dynatochela Keegan (Fig. 22)

Idiosomal dimensions not available. Dorsal shield thinly sclerotised, hypotrichous, and strongly truncate posteriorly
(at least based on male description), so as to bear only 8-9 pairs of setae, and leaving at least posterior third of
idiosoma exposed dorsally. All idiosomal setae very short. Sternal shield relatively narrow, with indistinct margins;
setae s¢1-3 thickened. Epigynal shield somewhat tongue-shape, truncate posteriorly, not extending beyond coxa IV
posteriorly, bearing thick sz5 near posterior margin. Anal shield with anus in anterior half; post-anal seta apparently
absent. Endopodal and metapodal plates absent. Peritreme very short, peritrematal plate minimally developed,
without posterior extension. Dorsal unsclerotised cuticle with 15-17 pairs of setae posterior to the dorsal shield,
and opisthogaster with about 15 pairs of setae. Male with sternogenitiventral shield, eroded marginally and rounded
posteriorly, scarcely expanded posterolaterally and distant from anal shield.
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FIGURE 22. Female. Dynatochela Keegan (modified from Keegan, 1950): A, ventral idiosoma; B, chelicera.

Chelicerae stout; movable digit with a single large tooth; fixed digit with two teeth, including subapical offset
tooth and a larger tooth near pilus dentilis. Male spermatodactyl apparently originating from internal (dorsal) face
of movable digit. Corniculi very short, convergent, narrowly separated (and those of the male seemingly notched
laterally); internal malae slender, much longer than corniculi. Setae #1-3 and pc short.

Legs short. Some ventral setae spur-shaped, especially on coxae and tarsi, and a spine-shaped dorsal seta on
femur I. Male with enlarged leg 11, and with ventral spur-shaped setac on femur, genu and tibia II, and tibia IV that
are simple in female.
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This poorly known monotypic genus is reminiscent of Conolaelaps, both having faintly sclerotised, truncate and
hypotrichous dorsal shields, a reduced epigynal shield, very short setae and peritremes, and short legs. In contrast,
Conolaelaps has many bulbous setae ventrally, more (23) pairs of setae on the dorsal shield, and no pretarsal claws.
Dynatochela has no post-anal seta. Selected reference: Keegan (1950).

Dyscinetonyssus Moss & Funk (Fig. 23)

Idiosoma 1000 um long. Dorsal shield broad anteriorly, abruptly narrowed posteriorly to J1 and Z1 setae, leaving a
broad band of unsclerotised cuticle exposed, and with margins irregular; shield with 25-26 pairs of setae; nine pairs
of central setae strongly spur-shaped (and longitudinally ribbed) (j4-6, J1, z5-6, Z1, s5-6; thinner, longer in male),
other setae normal (slender), several of which are very long, wavy (including at least z4, s4, Z4); shield lacking nine
setae (most notably J3—4 and Z2-3), and S3-5 off shield. Tritosternum with laciniae weakly pilose. Sternal shield
subrectangular, wider than long, margins irregular, with s¢1-3 spur-shaped; shield anterior margin extending close to
tritosternal base, with setae s¢1 distant from margin and close to each other. Endopodal plate absent. Epigynal shield
narrow, tapering, with irregular margins; seta s¢5 off shield, very short, sometimes absent on one or both sides. Anal
shield terminal, somewhat diamond-shaped; post-anal seta distinctly shorter than para-anal setae. Peritreme short,
barely reaching coxa II, comma-shaped, without peritrematal plate. Unsclerotised dorsolateral and opisthogastric
cuticle with seven Jv-Zv setae and five R setae, all short except very long, wavy Jv5 (and mid-sized S3-5). Male
with a short sternogenital shield, similar in extent to that of female, bearing s¢1-3, and a terminal anal shield.

FIGURE 23. Female. Dyscinetonyssus Moss & Funk (modified from Moss & Funk, 1965): A, dorsal idiosoma; B, ventral
idiosoma. Scale bar = 200 pm.

Gnathosoma small (not wider than coxa I); chelicerae almost edentate: fixed digit about straight (without
apical hook), with 1-2 small, blunt teeth subapically, without pilus dentilis; movable digit considerably stouter,
with 0—1 tooth. Male cheliceral fixed digit highly regressed and movable digit essentially represented by a thick
spermatodactyl. Epistome subtriangular, sometimes acuminate; margin slightly denticulate. Deutosternum narrow,
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with 12—14 transverse rows of mostly 3—5 denticles each; corniculi membranous; internal malae short. Palp
chaetotaxy reduced on femur—tibia, with 4-3-10 or 11 setae, respectively; palp tarsal claw apparently absent.

Legs I-1I distinctly shorter than legs I1I-1V; tarsi I-1I particularly short, not more than twice as long as wide.
Most coxal setae strongly spur-shaped, as well as apicoventral setae on tarsi [I-1V; leg segments from femora to tarsi
I-1V with at least one very long, whip-like seta. Legs hypotrichous, with most leg segments lacking setae: trochanter
1 with five setae; trochanter II hypertrichous, with six setae (including ad); femora I-III with 12-10-5 setae; genu |
with 11 setae (2-2/1, 3/1-2), genu II with nine setae (2-2/1, 2/1-1) and genu IV with eight setae (only two pd); tibia
I with ten setae (2-2/1, 2/1-2), tibiae II and IV with eight setae (2—1/1, 2/1-1).

A highly distinctive monotypic genus, with strongly spur-shaped setae on dorsal and sternal shields and coxae;
legs with numerous whip-like setae; reduced dorsal and epigynal shields with irregular margins; short peritreme;
terminal anal shield; deutosternum with many rows of few denticles, palp tarsal claw apparently absent, and weakly
chelate-dentate chelicerae. Selected reference: Moss & Funk (1965).

FIGURE 24. Female. Euandrolaelaps Bregetova (modified from Evans & Till, 1966): A, dorsal idiosoma; B, ventral idiosoma;
C, chelicera; D, femur, genu and tibia of leg II. Scale bars = 200 pm for dorsum and venter, 100 um for chelicera; leg not in
scale.

FEuandrolaelaps Bregetova (Fig. 24)

Idiosoma 400-1000 pm long. Dorsal shield suboval, with 37-39 pairs of setae, with 0-2 Zx. Idiosomal setae
mid-sized, generally subequal in length. Presternal region weakly sclerotised (lineate-reticulate) in most species,
including in E. sardous (Berlese) (the type species); it appears as discrete platelets in E. karawaiewi (Berlese);
sternal shield as long as wide or longer than wide. Epigynal shield enlarged, drop- or almost flask-shaped, with the
widest, bulging part (at level of Zv1 or slightly posterior to it) markedly broader (1.7-2.3 times) than its narrow neck
between coxae 1V; bearing s¢5 and Zv1 on margins (except E. karawaiewi, with a shield not as broad, not capturing

54 - Zootaxa 5184 (1) © 2022 See end page footer MORAES ET AL.



Zv1); extending relatively close to anal shield (usually separated from it by about half length of anal shield or less).
Post-anal seta usually distinctly shorter than para-anal setae. Peritreme relatively long (reaching coxa I or anterior
margin of coxa II). Unsclerotised dorsolateral and opisthogastric cuticle with up to seven pairs of setae (76, R1-6)
in addition to 7-9 pairs of Jv-Zv setae (other than Zv1, on epigynal shield).

Cheliceral fixed digit generally with three teeth distal to pilus dentilis, followed by a series of about 7-9 smaller
teeth. Epistome slightly convex, subtriangular or almost truncate, with margin serrate. Deutosternum with rows
of 4-21 denticles each. Palp tarsal claw 2-tined (including in the type species) or 3-tined (at least in E. yamauchii
(Ishikawa)).

Legs with many ventral setae thickened, spur- or spine-shaped, especially on leg II, including on femur (av),
genu (av), tibia (av or both ventrals), and tarsus (most ventrals), but occasionally also ventral setaec on genua to
tarsi III-IV. In at least the type species and some undescribed species, genu I'V and tibia III bear ten and nine setae,
respectively, each having two p/ instead of one.

Euandrolaelaps is generally similar to Alloparasitus and Gaeolaelaps. The strongly drop-shaped epigynal
shield, including a narrow neck and bearing also Zv1, appears as the primary diagnostic feature of this genus. The
hypertrophied ventral setae on leg II, and leg chaetotaxy, may reinforce its identification for at least some species.
Selected reference: Bregetova (1977).

Eumellitiphis Turk (Fig. 25)

Idiosoma 1000-1400 um long. Dorsal shield oval to ovate, lightly sclerotised; shield hypertrichous, with either long
or very short, needle-like setae (intraspecifically subequal in length); hypertrichy moderate (with about 17 mostly
unpaired extra setae, in addition to basic complement of 37 pairs) to substantial (with 60—70 extra setae, including
at least many unpaired), most pronounced posteromedially (in region of J and Z series). Unsclerotised dorsolateral
cuticle with a (putatively R) series of 9—11 stout capitate setae, interspersed with several needle-like or spine-like
setae; j/ (sometimes also z1) capitate. Sternal shield broad, strongly convex anteriorly, concave posteriorly; s4 on
soft cuticle or on short endopodal platelet abutting sternal shield (or in . mellitus Turk, st4 seemingly on metasternal
portion of a sterno-metasternal shield). Epigynal shield ranging from large and drop-shaped, to massive, somewhat
axe-shaped, strongly projecting laterally behind coxae IV and more or less abutting anal shield (in which case some
Jv or Zv setae tightly inserted between epigynal and anal shields); bearing only s75. Anal shield very large, either
pentagonal, triangular or crescent-shaped, its width at least half of idiosomal width. Metapodal plate ranging from
absent to massive and abutting anal and epigynal shields. Exopodal-parapodal plate sometimes strongly developed
posterolaterad of coxa IV. Peritreme reaching level of coxa I or II; peritrematal plate poorly developed, apparently
free posteriorly. Unsclerotised opisthogastric cuticle with 5-9 pairs of short setae. Males with holoventral shield
fused to parapodal and exopodal plates.

Cheliceral digits with 2-3 subapical teeth. Epistome with margin smooth or serrate. The rest of the gnathosoma
is poorly known.

All legs robust, with many stout, capitate setae and needle-shaped or stronger, spine-shaped setae. Leg chaetotaxy
appears to differ significantly from the main laelapid pattern, including, for instance, femora III and IV with seven
setae each.

The three known species of Eumellitiphis differ widely in the degree of ventral sclerotisation, with two species
(E. inouei Delfinado-Baker & Baker, E. philippinensis Delfinado-Baker & Baker) having their opisthogaster largely
covered by shields, including a massive, uniquely shaped epigynal shield. Eumellitiphis resembles another bee-
associated genus, Neohypoaspis, in having similar, stout setae along body margin and on legs, as well as enlarged
anal and metapodal shields, but not abutting epigynal shield like some Eumellitiphis. The stout marginal and leg
setae of Eumellitiphis taper along their axis, forming a neck before bulging into a rounded apex, whereas the setae
in Neohypoaspis are more parallel-sided and flattened, without a neck or with a slight neck, rounded or truncate
apically. Neohypoaspis is also significantly more hypertrichous, with the dorsal shield bearing over 400 minute
setae. Selected references: Turk (1948), Delfinado-Baker & Baker (1988).
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FIGURE 25. Female. Eumellitiphis Turk (modified from Delfinado-Baker & Baker, 1988): A, dorsal idiosoma; B, ventral
idiosoma. Scale bar =200 pm.

Gaeolaelaps Evans & Till (Figs 1-2)

Idiosoma 500—-1300 um long. Dorsal shield variously suboval (rarely broadly oval) to tapered posteriorly; usually
with 39 pairs of setae, usually including Zx2—3 (z3 occasionally absent, rarely other setae); 0—3 Jx setae; rarely a
few setae (e.g. 72-3) off shield. Idiosomal setae short to mid-sized (rarely long), subequal in length, occasionally
with some setae longer than others (e.g. anterior setae in G. aculeifer). Presternal area weakly sclerotised, lineate-
granulate, rarely with two sclerotised platelets; sternal shield nearly always longer than wide (rarely wider than
long); st1 occasionally on weakly sclerotised area; st4 on unsclerotised cuticle (rarely on endopodal plate). Epigynal
shield drop- to tongue-shaped, sz5 on margin. Post-anal seta subequal or slightly longer than para-anal setae.
Peritreme usually long, occasionally short and reaching only coxa II (rarely very short in some beetle associates,
with peritrematal plate free anteriorly and/or fused to exopodal plate, e.g. G. heteroceri Trach); peritrematal plate
rarely broad or extending posteriad of coxa IV (e.g. G. zanzibarensis Joharchi et al.). Parapodal plate rarely well-
developed (as in G. zanzibarensis). Dorsolateral and opisthogastric unsclerotised cuticle with 1-8 pairs of -R setae
(and sometimes a few UR) in addition to Jv-Zv setae (rarely hypertrichous, with up to 33 pairs of setae in addition to
Jv-Zv setae). Males with a holoventral shield, rarely with separate (not abutting) anal shield and sternogenitiventral
shield, the latter eroded or rounded posteriorly.

Cheliceral fixed digit with a variable number of teeth, sometimes including a series of small teeth proximal to
pilus dentilis. Epistome broadly rounded to subtriangular (rarely truncate or acuminate), serrate. Deutosternum with
six (rarely five or seven) rows of five to over 30 denticles each (exceptionally fewer than five denticles per row)
(exceptionally with rows of denticles lateral to deutosternal groove, as in G. angustiscutatus and G. olszanowskii
Joharchi et al.); palp tarsal claw 2-tined, rarely 3-tined. Internal malaec sometimes with 1-2 additional pairs of
fimbriate arms, laterally to the median paired arms.
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Moderately developed macrosetae occasionally present on femur IV (ad1) and tarsus IV (dorsal setae). Legs
II-1V, from genua to tarsi, with ventral setae usually thickened, sometimes spine- or spur-shaped, especially on
tarsi II and IV, but also on femur II (av) or IV (dorsal setae). Leg chaetotaxy normal, with few exceptions in insect-
associated species (e.g. Trach, 2016) or free-living species (G. olszanowksii).

As currently defined, Gaeolaelaps is a large, probably non-monophyletic assemblage of species that exhibits the
combination of most putatively plesiomorphic character states for Laclapidae. See remarks at the end of Hypoaspis
and Hypoaspisella for morphological differences with Gaeolaelaps. Selected references: Beaulieu (2009), Kazemi
etal. (2014).

Gecarcinolaelaps Casanueva & Johnston (Fig. 26)

Idiosoma 1600-2000 um long. Dorsal shield suboval, surrounded by extensive area of soft cuticle (less so in male).
Dorsum of idiosoma slightly hypertrichous, with shield bearing about 42—45 putative pairs of setae, many of which
are irregular and asymmetric, more densely distributed in podonotal region. Dorsolateral soft cuticle also slightly
hypertrichous. Idiosomal setae generally very short. Tritosternum extremely reduced in size. Sternal shield eroded
marginally, with endopodal element between coxae [I-111 partly, irregularly fused to shield. Seta st4 absent. Epigynal
shield short, somewhat flask-shaped, truncate posteriorly, extending only slightly behind level of coxa IV and st5
(on shield margin). Anal shield drop-shaped, anus in anterior third; circum-anal setae very short, subequal in length.
Peritrematal plate free anteriorly, posteriorly extending behind stigma, curving mesad and fused to parapodal strip.
Male with sternogenital (not extending beyond coxa IV) shield, eroded posterolaterally, and anal shield.

FIGURE 26. Female. Gecarcinolaelaps Casanueva & Johnston (chelicera modified from Casanueva & Johnston, 1992a; others,

our drawings): A, dorsal idiosoma; B, ventral idiosoma; C, chelicera. Scale bars = 200 um for dorsum and venter, 100 um for
chelicera.
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Gnathosoma partly covered by idiosoma. Fixed cheliceral digit with three teeth, including one small tooth
distal to pilus dentilis. Male digits apparently shortened, especially fixed digit, and spermatodactyl enlarged basally.
Epistome margin with three weak lobes, smooth. Deutosternum with 5-6 rows (seven in the male) of several
irregularly-sized denticles, and weakly defined lateral margins; corniculi slightly convergent; salivary stylets longer
than corniculi. Palp tibia with only 12 setae. Internal malae reduced, much shorter than corniculi, and without
fimbriae.

Leg I narrower than other legs. Tarsi II-1V with setae avl and pvl stout, bulbous, with longitudinal ribs.
Leg chaetotaxy with a few reductions and additions relative to the normal pattern, notably femur I with 12 setae
(including only three ventrals) and femur III with seven setae; genua -1V with 11-10-10-10 setae, and tibiae [-IV
with 11-9-9-9 setae; genu and tibia I each with lacking ad3 and pd3, tibia II lacking ad2, and genu IV having two
pl. Pretarsus I, including claws, reduced.

Gecarcinolaelaps is a monotypic genus that may be superficially reminiscent of other arthropod-associated
genera (e.g. Conolaelaps, Iphiolaelaps) with poorly sclerotised idiosoma, small epigynal shield and very short setae,
but Gecarcinolaelaps can be distinguished from them and other taxa by the combination of its slightly hypertrichous
dorsum, long peritreme (as opposed to some taxa), marginally eroded sternal shield, the absence of st4, peritrematal
shield fused to parapodal plate, a regressed tritosternum, and bulbous avl, pv1 setae on tarsi. Selected reference:
Casanueva & Johnston (1992a).

FIGURE 27. Female. Gromphadorholaelaps Till (modified from Till, 1969): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars = 200 um for dorsum and venter, 50 pm for chelicera.

Gromphadorholaelaps Till (Fig. 27)

Idiosoma about 1000 um long. Dorsal shield broadly suboval, with 35 pairs of setae (lacking z3 and z6), most
median setae (from j5 to J5, and z5) short, other setaec mid-sized and inserted closer to shield margin than usual.
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Presternal area weakly sclerotised, lineate; sternal shield somewhat wider than long. Epigynal shield elongate, flask-
shaped with narrow neck between coxae IV, moderately close to anal shield; bearing s¢5 and ornamented posteriorly
with 4-5 transverse striae. Post-anal seta mid-sized, moderately longer than para-anal setae. Peritreme short (not
reaching mid-level of coxa II); peritrematal plate very narrow, with a short posterior extension, free anteriorly,
extending to level of z1. Unsclerotised dorsolateral and opisthogastric cuticle with 76 and 10—12 pairs of R-UR setae
in addition to Jv-Zv setae.

Cheliceral movable digit with a single tiny tooth; fixed digit with a bifid apical hook and two tiny teeth flanking
the pilus dentilis, which is relatively long and moderately inflated basally. Male chelicerae edentate; fixed digit
a long slender process (as long as the spermatodactyl), with pilus dentilis on basal third of digit, movable digit
essentially composed of a thick spermatodactyl. Epistome broadly rounded, with margin smooth. Deutosternum
narrow, bearing 2—3 denticles per row; corniculi relatively close, slightly convergent.

Leg chaetotaxy normal except for genu IV with two pl.

This monotypic genus shares key features with Androlaelaps, including the weakly dentate chelicerae with a
pilus dentilis moderately swollen basally, the modified male chelicerae, including a basally inserted pilus dentilis,
and genu IV with two p/ setae. However, it differs by its short peritreme and the male chelicera with elongate fixed
digit. In addition, the flask-shaped epigynal shield differs from most Androlaelaps, and is more reminiscent of
Ulyxes, although the epigynal shield of the latter reaches the anal shield. Selected reference: Till (1969).

Gymnolaelaps Berlese (Fig. 28)

Idiosoma 500-1000 pm long. Dorsal shield suboval to broadly oval, covering all idiosoma dorsally and often
extending slightly onto the venter; typically with 39—41 pairs of setae, including Zx2-3, sometimes also Zx1 and/or
an extra pair between  and s series, and often with one or more unpaired Jx setae (as many as 5—8 in some species);
setae usually relatively short and subequal in length, sometimes long. Two discrete presternal platelets; sternal shield
about as long as wide or distinctly wider than long. Epigynal shield typically bottle-shaped, posteriorly truncate
and abutting anal shield; shield typically not expanded laterally beyond mid-level of coxa IV; in some species,
exceptionally, the shield is wider than that, or the shield only reaches close to anal shield without abutting it (e.g. G.
shealsi Hunter & Costa, with a more snake-head shaped shield); shield bearing s¢5 as well as 1-3 additional pairs
of setae (Zv1, Jv1-2) on its margin; if only s£5 on shield (rarely), then at least one pair of Jv or Zv tightly flanking
shield. Anal shield subtriangular, with anterior margin generally flat, anus generally in posterior half of shield,
post-anal seta subequal or shorter than para-anal setae. Parapodal plate moderately developed, as a subtriangular
or rounded lobe. Peritrematal shield normal, except in G. tilli (Costa) with fused peritrematal and parapodal plates.
Unsclerotised opisthogastric cuticle generally with 9-10 pairs of Jv-Zv setae and at most a few R setae.

Cheliceral digits typically slender, with 3—4 prominent (mid-sized) teeth and a serration (or row) of 4—7 small,
regular teeth flanked by two of the mid-sized teeth; the serration mostly distal to the pilus dentilis. Epistome rounded,
subtriangular, or somewhat truncate, with margin serrate. Deutosternum with rows of usually 3—10 denticles each.
Internal male sometimes with 1-2 lateral fimbriate arms in addition to median arms. Palp tarsal claw with three
subequal tines, sometimes third tine reduced.

Leg setae generally simple, some may be thickened (e.g. dorsals of femur IV, ventrals of genua and tibiae). Leg
chaetotaxy normal, except genu IV with ten setae, including two p/, in some cases (e.g. G. laevis (Michael)).

The concept of Gymnolaelaps adopted here is primarily based on species that are most similar to the type species
(G. myrmecophilus (Berlese)) and to the two other species that Evans & Till (1966: 159) included in this group. The
main features of Gymnolaelaps are the discrete presternal platelets, parapodal plates, 3-tined palp tarsal claw and
bottle-shaped epigynal shield with opisthogastric setac on margins. Some species classified as Gymnolaelaps in the
current treatment exhibit significant discrepancies from the typical features described above. More morphology-
and molecular-based research should clarify the boundaries of the genus. Selected references: Joharchi et al. (2011),
Joharchi & Halliday (2013), Nemati & Gwiazdowicz (2016b).
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FIGURES 28. Female. Gymnolaelaps Berlese (modified from Joharchi & Halliday, 2013): A, dorsal idiosoma; B, ventral
idiosoma; C, chelicera. Scale bars =200 um for dorsum and venter, 100 um for chelicera.

Haemolaelaps Berlese (Fig. 29)

Idiosoma 600-1000 pm long. Dorsal shield usually broadly oval, occasionally narrower with some anterolateral
setae not captured by shield; usually with 39 pairs of setae, including Zx2-3; as few as 32 pairs in H. quartus
Domrow (without Zx2—3, and r series off shield); 40 pairs in H. cleptusa Domrow (including an extra pair near j6);
setae short to long, central setae typically shorter, and Z5 often markedly longer. Soft dorsolateral and opisthogastric
cuticle hypertrichous, with at least 20 pairs of setae (including R-UR) other than Jv-Zv setae. Usually many dorsal
and opisthogastric setae barbed (dorsal setae smooth in H. quartus). Tritosternal base strongly barbed laterally.
Presternal area weakly sclerotised, lineate-reticulate; sternal shield usually wider than long. Seta st4 sometimes
apparently on endopodal plate. Epigynal shield drop- or tongue-shaped, usually large, ranging from distant to very
close to anal shield, with 0-2 pairs of opisthogastric setae (sometimes Jv1 and Zv1) on margin in addition to s¢5;
posteriorly with usually 68 transverse striae. Anal shield pear-shaped (normal) to distinctly triangular; post-anal
seta distinctly longer than para-anal setae, sometimes barbed. Post-stigmatic extension of peritrematal shield with
gland opening (gp) relatively large.

Fixed cheliceral digit mostly edentate, usually without or with a weak apical hook, bearing a very long, slender
pilus dentilis (about as long as movable digit); male fixed digit regressed, edentate, with pilus dentilis inserted
subapically or apically, and movable digit typically with a tooth and apical hook, spermatodactyl relatively short
and bent upward apically. Epistome a rounded lobe, with margin sparsely to densely denticulate. Corniculi relatively
small, sometimes convergent. Deutosternum with 5—6 rows of 2—5 denticles each.

Many leg setae barbed, notably one or more dorsals of each of femora -1V (e.g. adl). Leg chaetotaxy normal.
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FIGURE 29. Female. Haemolaelaps Berlese (modified from Womersley, 1957a): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars =200 pm for dorsum and venter, 40 um for chelicera.

Attributes of Haemolaelaps distinguishing it from other genera, especially Androlaelaps, include the whip-like
pilus dentilis, the strongly barbed tritosternum base, many barbed idiosomal and leg setae, and a typically long
post-anal seta. In contrast to Haemolaelaps species, Androlaelaps species have genu IV with two p/, usually some
Jx setae, an inflated pilus dentilis, which is inserted on the proximal half in males (as opposed to near the apex
in Haemolaelaps males), as well as an epigynal shield with only 45 transverse striac. More superficially similar
genera (e.g. Gaeolaelaps) can further be distinguished by the mostly edentate fixed digit of Haemolaelaps and
deutosternum with few denticles (see also note for Ulyxes). Selected reference: Shaw (2014a).

Holostaspis Kolenati (Fig. 30)

Idiosoma 500—700 pm long. Dorsal shield oval to broadly obovate and slightly narrower (and angled) posteriorly,
usually with no or little soft cuticle exposed, sometimes only caudally, or, when shield (occasionally) abbreviated,
with much soft cuticle exposed posterolaterally (in H. flexuosa, H. iranicus); with 39 pairs of setae, including Zx2-3,
and usually 1-5 unpaired Jx; setae typically short or mid-sized, but with a tendency for elongation posteriorly; z1 very
short, Z5 usually long; usually a few to many posterior dorsal setae (sometimes all dorsal setae) and opisthogastric
setae barbed apically. Unsclerotised lateral and opisthogastric cuticle typically including 4-6 R and one UR setae
in addition to Jv-Zv setae, sometimes tylochorous. Presternal area sometimes weakly sclerotised, lineate-reticulate;
sternal shield usually convex or bilobed anteriorly), wider than long or about as wide as long. Epigynal shield large,
snake-head shaped (sometimes almost drop- or tongue-shaped), bulging between st5 and Zv1, bearing only st5;
shield usually close to anal shield, separated by less than half the length of the anal shield; posteromesally with
characteristic 2—5 V-shaped striae, more or less separated by a longitudinal striae along midline, and delimited
anterolaterally by a pair of diagonal striae that converge anteriorly (and sometimes meet to form an inverted-V).
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Anal shield subtriangular, occasionally concave anteriorly or with acuminate anterolateral corners; post-anal seta
moderately thicker and longer than para-anal setae. Parapodal plate well developed in H. flexuosa. Peritreme usually
long (shortened to mid-level of coxa Il in H. acuminatus (Berlese), H. michaeli); peritrematal plate narrow, post-
stigmatic extension short except elongate in H. iranicus, reaching well beyond coxa IV. Males with a holoventral
shield, or, for H. flexuosa, a sternogenitiventral shield fused to parapodal plate and relatively close to anal shield.

FIGURE 30. Female. Holostaspis Kolenati (modified from Babaeian et al., 2019): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera; D, tylochorous opisthogastric seta. Scale bars = 150 pm for dorsum and venter, 25 um for chelicera; tylochorous seta
not in scale.

Gnathosoma generally small, partly hidden under idiosoma. Cheliceral digits short, stumpy (17-30 um long),
with apical hooks weakly developed; fixed digit with at most two small subapical teeth (fixed digit regressed,
truncate in H. iranicus); movable digit usually edentate, rarely with 1-2 small teeth; arthrodial corona sometimes
reduced or absent. Male chelicera may have the fixed digit reduced, edentate (H. montanus (Berlese)), or movable
digit absent (H. flexuosa); spermatodactyl broad, elongate. Epistome a mid-sized triangle or rounded projection,
with margin smooth. Deutosternum with rows of 5-16 denticles each (seven rows in H. michaeli). Corniculi short,
often blunt, notched at or near apex, and/or converging; internal malae may have well-developed, fimbriate lateral
arms.

Legs typically with a few setae thickened, especially dorsal setae (e.g. adl) on femora. Leg chaetotaxy normal
except for: H. iranicus having femur II with ten setae (including only one al); H. flexuosa and H. michaeli having
tibia III with nine setae (including two p/) and genua III-IV with ten setae each (including two p/), and H. flexuosa
also having femur [ with 14 setae (including five ventrals).

It should be noted that the four species with morphological exceptions mentioned above (H. flexuosa, H. iranicus,
and the closely related H. acuminatus and H. michaeli) were provisionally placed in Holostaspis by Babaeian et
al. (2019) because their previous placement in Myrmozercon was deemed problematic. Holostaspis species are
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most recognisable by their (i) small gnathosoma; (i) stumpy, weakly dentate-chelate chelicerae; (ii7) small, weak
corniculi; (iv) smooth epistome; (v) large, snake-head shaped epigynal shields nearly abutting variously triangular
anal shields (sometimes concave anteriorly); (vi) post-anal seta longer than para-anals; (vii) sternal shield bilobed
anteriorly; (viii) a broad dorsal shield with setae often apically barbed, and posteromarginal setae often longer;
(ix) soft cuticle sometimes with tylochorous setae. These features largely apply to Bisternalis and Myrmozercon
(although not commonly for attributes (vi) and (ix) for Myrmozercon). In contrast to Holostaspis, these two genera
usually have sternal shields broadened posteriorly and deeply concave (relatively normal in Holostaspis, at most
moderately concave posteriorly). In addition, Bisternalis typically have setae st1 borne on a single platelet, more
or less free from the sternal shield, have more chelate-dentate chelicerae, including a bidentate movable digit, and
subequal circum-anal setae. Myrmozercon have several other derived features such as shortened peritremes and
reduced claws, and atypical palp and leg chaetotaxy (see note at the end of Myrmozercon diagnosis for more details).
Selected reference: Babaeian et al. (2019a).

Hunteria Delfinado-Baker et al. (Fig. 31)

Idiosoma about 1000 um long. Dorsal shield ovate, tapered anteriorly, surrounded by a strip of soft cuticle; slightly
hypertrichous in opisthonotal region, with 10—12 additional (unpaired Jx) setae mixed with J series in addition to a
basic complement of 39 pairs (seemingly so in figure of Delfinado-Baker et al., 1984), including putatively Zx2-3
(73 off shield on one side in the original illustration). Idiosomal setae short. Sternal shield heavily sclerotised, with
remarkably broad anterolateral arms extending between, and widely separating, coxae I-II (arms broader than
coxae) (arms narrower in male); anterior margin strongly convex, with s¢1 distant from margin. Epigynal shield
relatively large, more or less drop-shaped, bearing s¢5. Anal shield subtriangular, wider than long; circum-anal
setae short, post-anal seta slightly longer than para-anal setae. Peritrematal plate essentially absent, except for very
short extension posterior to stigma. Opisthogaster with 67 pairs of Jv-Zv setae; male also with a few R-UR setae,
apparently tylochorous; unsclerotised dorsolateral cuticle with one pair of setae (R1).

FIGURE 31. Female. Hunteria Delfinado-Baker et al. (modified from Delfinado-Baker et al., 1984): A, dorsal idiosoma; B,
ventral idiosoma; C, chelicera. Scale bars =200 um for dorsum and venter, 50 pm for chelicera.
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Cheliceral digits short; fixed digit with a single subterminal tooth; pilus dentilis relatively long, subapical; with
two distinctive cheliceral arthrodial processes (instead of a corona), one stout and longer than movable digit, the
other much shorter. Male fixed digit significantly reduced, and spermatodactyl inserted apically on movable digit,
which has a normal arthrodial corona. Epistome smooth. Deutosternum with only five rows of mostly 1-5 denticles
each.

Genua III-1V and tibia III with two p/ setae instead of one, therefore with ten, ten and nine setae, respectively.

This monotypic genus may be distinguished from other laelapids by its enlarged sternal shield, dorsal shield
hypertrichous posteriomedially, weakly dentate chelicera and with unique arthrodial processes. Stratiolaelaps also
has a sternal shield with strong anterolateral arms, but not as broad, and has several other distinctive features including
spatulate-tricarinate dorsal setae. Selected references: Delfinado-Baker er al. (1984), Klimov et al. (2016).

Hypoaceus Nemati et al. (Fig. 32)

Idiosoma about 900 um long. Dorsal shield broadly oval, covering all idiosoma dorsally and also ventrally along
margins; with 38-39 pairs of setae, including an extra podonotal pair (zx in Nemati et al., 2021, in distinct position
in the two constituent species), and 0—1 pair of Zx; setae varying from short to long (especially near posterolateral
margins in H. eugenitalis (Karg), where setae are wavy); with a conspicuous gland opening, midway on lateral shield
margin. Two discrete presternal platelets; sternal shield slightly wider than long, moderately concave posteriorly.
Seta st4 absent. Epigynal shield massive, covering most of opisthogaster, broadly rounded posteriorly, reaching anal
shield; bulging (with an inflexion point) laterally at Zv1 level; bearing st5, and 2—3 other pairs of setae (at least Jv1,
Zv1) inserted away from shield margin; shield with an atypically high number of pore-like structures. Metapodal
element partly or entirely fused to epigynal shield. Anal shield wide, triangular; post-anal seta distinctly shorter
than para-anal setae. Parapodal plate well-developed as a subtriangular lobe, more or less abutting epigynal shield.
Unsclerotised cuticle with seta 76, in addition to 4-5 pairs of Jv-Zv setac. Males with holoventral shield fused to
parapodal-exopodal plate.

C

FIGURE 32. Female. Hypoaceus Nemati et al. (modified from Nemati et al., 2021): A, dorsal idiosoma; B, ventral idiosoma;

C, chelicera. Scale bars =200 pum for dorsum and venter, 100 pm for chelicera.
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Cheliceral fixed digit with 3—4 teeth, mostly distal to pilus dentilis. Epistome a more or less rounded lobe,
denticulate. Deutosternum with 67 rows of ten or more denticles each.

Tarsus II with avl and pv1 spur-shaped. Leg chaetotaxy normal.

These well-sclerotised mites, with their broad dorsal shields extending ventrally, presternal platelets and well-
developed parapodal plates, are reminiscent of Pseudoparasitus and Ololaelaps. These two genera are distinguished
from Hypoaceus by having st4 and a 3-tined palp tarsal claw, and Ololaelaps has a hologastric shield, whereas
Pseudoparasitus has an epigynal shield truncate posteriorly. The massive, broadly rounded epigynal shield, bearing
3—4 pairs of setae, resemble most that of Laelaspis, but differs from the latter by lacking st4, having discrete
presternal plates, and epigynal shield with multiple pores and with 2-3 pairs of setac more medially inserted, distant
from margin. Selected reference: Nemati et al. (2021).

FIGURE 33. Female. Hypoaspis Canestrini (modified from Joharchi & Halliday, 2011): A, dorsal idiosoma; B, ventral idiosoma;
C, chelicera. Scale bars = 200 um for dorsum and venter, 100 pm for chelicera.

Hypoaspis Canestrini (Fig. 33)

Idiosoma 700-1000 um long. Dorsal shield suboval, occasionally moderately tapering posteriorly; usually with
36-37 pairs of setae, including Zx2-3, with 72—3 on soft cuticle (or apparently absent or on the shield in some
cases) and z3 or z6 occasionally missing; rarely more (38-39 pairs) or fewer setae on shield (e.g. a S seta off shield).
Setae z4 and s4-5 inserted more laterally than normal, resulting in more exposed area laterad of j4-5 and z5; setae
usually long or mid-sized (occasionally short, especially central setae), with j3, z4, s4—5 very long and Z4 longest,
whip-like (often wavy). Unsclerotised dorsolateral cuticle usually with 76, 6—8 R and 1-2 UR setae on each side,
rarely more; typically, JvS and often the posteriormost R seta whip-like. Sternal shield about as long as wide or
slightly longer than wide. Epigynal shield mid-sized, tongue-shaped or drop-shaped, at most only moderately wider
posteriorly than at level between coxae IV; bearing sz5. Post-anal seta subequal or slightly shorter than para-anal
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setae. Peritrematal plate minimally developed, narrowly extending posterior to stigma, free anteriorly. Some males
have a sternogenitiventral shield, well removed from anal shield.

Cheliceral fixed digit usually with 2—3 small subapical teeth, a mid-sized tooth level with pilus dentilis followed
by a serrated row of ca. 6—10 minute teeth. Epistome broadly subtriangular, typically more rounded apically resulting
in a somewhat tongue-shaped apex, which is often less denticulate than the baso-lateral margins. Deutosternum with
rows of mostly 818 denticles each.

Legs II-1V with several conspicuous macrosetae, notably on femur IV (adl) and tarsus IV (3—4 dorsals), and
usually also including apicodorsal setae (adl or pdl) of femora II-1III or genua II-IV. Tarsus II with subapical
setae all, pl/1 spur-shaped and ventral setae usually also spur- or spine-shaped. Leg chaetotaxy normal, with rare
exceptions (e.g. genu IV with two ventrals in H. melolonthae Joharchi & Halliday).

Hypoaspis is similar to Gaeolaelaps, but has several dorsal setae shifted laterally, some of which are whip-
like, 72—3 off the shield, Jv5 whip-like, macrosetae on legs (rare in Gaeolaelaps or not as pronounced), epistome
tongue-like median process that is weakly serrate, and with peritrematal shield barely developed and free anteriorly
(fused to dorsal shield in Gaeolaelaps). Most of these features are shared with other genera of scarab symbionts
(see remarks for Acantholaelaps), but Hypoaspis is the only genus having Zx2-3 setae; the single known species
of Lucanaspis and (apparently) of Mumulaelaps, have only Zx2. The other genera have additional apomorphies
such as substantial dorsal hypotrichy (Chapalaelaps, some Chapalania), dorsal or opisthogastric hypertrichy (e.g.
Acantholaelaps, Angosomaspis) or eroded sternal shields (Mumulaelaps, most Coleolaelaps). Selected references:
Costa (1971), Joharchi & Halliday (2011), Joharchi et al. (2013).

Hypoaspisella Bernhard (Fig. 34)

Idiosoma 400—600 pm long. Dorsal shield suboval to more broadly oval, with 39 pairs of setae, including Zx2-3,
and sometimes with 2—9 Jx setae (some that may appear paired); sometimes 38 pairs (z3 missing, or rarely another
seta), rarely fewer or with 40 pairs (including an extra r); setae relatively short to mid-sized (rarely long), subequal.
Presternal area weakly sclerotised (lineate-reticulate), sometimes with sclerotised platelets, bordered or not by
weakly sclerotised, lineate zones; setae st1 commonly off shield, on adjacent weakly sclerotised area; sternal shield
at least as long as wide. Epigynal shield relatively large, tongue- or drop-shaped, usually close to the anal shield,
separated from it by more or less half the length of anal shield (or closer in type species, H. heyi (Karg)), bearing
st5. Anal shield subtriangular to broadly obovate. Peritrematal plate sometimes posteriorly fused to exopodal plate
(including in type species). Unsclerotised lateral and opisthogastric cuticle usually with 610 pairs of setae (76, R or
UR) in addition to Jv-Zv setae, rarely more (15 pairs in H. [ubrica (Oudemans & Voigts)).

Cheliceral fixed digit with 3—6 teeth, rarely also with a series of small teeth proximal to pilus dentilis (in type
species). Epistome subtriangular or rounded, with margin essentially smooth, at most with a few denticles apically.
Deutosternal groove relatively narrow, with six (rarely five) rows of 2—10 denticles each (rarely 10-15), including
at least some rows of four or more denticles. Internal malae sometimes with short arms laterally to main, median
fimbriate arms.

Leg setae generally simple, some occasionally thickened (e.g. ventral setae of genua to tarsi II-IV). Leg
chaetotaxy poorly studied, putatively normal with few exceptions, notably H. lubrica having genu IV with two
ventral setae, including pv.

As it stands, it is unclear whether the current concept of Hypoaspisella is monophyletic. It is morphologically
similar to Gaeolaelaps and can be generally distinguished from the latter by species having smooth epistome,
narrow deutosternum with few denticles, epigynal shield that is typically larger and closer to the anal shield than
in Gaeolaelaps, and peritrematal shield sometimes fused posteriorly with the exopodal plate. Selected references:
Hirschmann et al. (1969), Joharchi et al. (2018).
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FIGURES 34. Female. Hypoaspisella Bernhard (modified from Karg, 1962): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars = 100 pm for dorsum and venter, 50 um for chelicera.

Hyposternus Joharchi & Halliday (Fig. 35)

Idiosoma 700-800 um long. Dorsal shield oval, with 38 pairs of setae (lacking z3), including Zx2-3, plus one Jx seta;
setae short, except Z5 mid-sized. Sternal shield desclerotised medially, essentially reduced to its lateral and anterior
margins, bearing s¢1-3 and the two usual poroids (iv1-2). Epigynal shield between tongue- and drop-shaped, close
to anal shield, bearing s¢5. Anal shield elongate posteriorly, with anal opening on anterior half of shield; post-anal
seta spine-shaped, distinctly longer than para-anal setae. Unsclerotised cuticle with 76, and five R-UR pairs of setae
flanking cluster of Jv-Zv setae; posteriormost setae long, spine-shaped (including Jv4-5, Zv4-5).

Cheliceral fixed digit with two small subapical teeth; movable digit with weak apical hook and slightly longer
than fixed digit. Epistome subrectangular, denticulate. Deutosternum with 10-20 denticles per row, two posterior
rows narrower. Corniculi relatively long. Internal malae with long fimbriate arms laterad of main, medial arms.
Hypostomal seta 43 long but shorter than /1.

Leg setae relatively long; adl on femora II-IV distinctly longer than surrounding setae. Leg chaetotaxy
normal.

This monotypic genus is most recognisable by its sternal shield reduced to a marginal strip, short dorsal setae,
except mid-sized j1 and longer, thick Z5, long anal shield and posterior opisthogastric setae spine-like. Selected
reference: Joharchi & Halliday (2021).
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FIGURE 35. Female. Hyposternus Joharchi & Halliday (modified from Joharchi & Halliday, 2021): A, dorsal idiosoma; B,
ventral idiosoma; C, chelicera. Scale bars = 100 um for dorsum and venter, 25 pm for chelicera.

Iphiolaelaps Womersley (Fig. 36)

Idiosoma subcircular, 750-1000 pm long. Dorsal shield poorly sclerotised, about as wide as long, truncate
posteriorly, with extensive area of soft cuticle exposed around shield; with ca. 18 pairs of setae; most setae minute
or very short, except (putatively) z2 distinctly longer (still short). Tritosternum with fleshy, broad laciniae, without
pilosity. Sternal shield divided in two longitudinal halves, well separate from each other, each bearing st1-3 (s¢1 on
weakly defined anterior margin). Epigynal small, flask-shaped, with a very narrow neck, anterior hyaline portion
about as broad as posteriorly, not overlapping sternal shield but may be reaching between the split halves of the
shield; posteriorly not extending beyond coxae IV; with s¢5 on margins. A somewhat drop-shaped platelet mesad of
coxae IV and posterior to endopodal plate. Metapodal plates absent. Peritreme very short, at most four times as long
as stigma or peritreme diameter; peritrematal plate absent. Unsclerotised opisthogaster with 89 pairs of Jv-Zv setae
and 14-16 pairs posterior and lateral to dorsal shield.

Gnathosoma small, partly hidden by idiosoma in dorsal view. Cheliceral shaft swollen basally, narrowed
in distal two thirds; both cheliceral digits small, slender, movable digit with a single, strong retrorse subapical
tooth, lacking arthrodial corona, fixed digit shortened, edentate, finger-like, with minute pilus dentilis in basal
half. Male fixed digit also reduced, slender, movable digit apparently lacking tooth and apical hook, with a long,
curved spermatodactyl. Epistome barely convex, with smooth margin. Deutosternum narrow (anteriorly) to very
narrow (posteriorly), with rows of five or fewer denticles each. Corniculi notched apically; salivary stylets abruptly
narrowed in portion (moderately) extending beyond corniculi; internal malae simple, without fimbriae. Setae 41-3
and pc very short. Palp tibia apparently with only 11 setae.
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FIGURE 36. Female. Iphiolaelaps Womersley (modified from Womersley, 1956a): A, ventral idiosoma; B, chelicera. Scale bar
=150 pm for idiosoma; chelicera not in scale.

Leg I shorter than other legs. Leg setae short, slender except apicodorsal setae (adl, pd1l) on femora and genua
longer, spine-shaped; tarsus I with a relatively long dorsal seta, mid-way on segment. Legs with major reduction,
including trochanters I-I1I with only four setae each; femur I with ten setae (2-2/1, 2/1-2), femur II with ten (only
one al); genu I with eight setae (1-2/1, 2/1-1), genu II with six (1-2/0, 2/0-1), genua III-IV with seven (1-2/1,
2/0-1), tibiae [-IV each with seven setae (1-1/1, 2/1-1) except tibia I sometimes with eight setae, including two ad;
each genu and tibia with only one a/ and one p/. Pretarsal claws absent or vestigial.

Iphiolaelaps is a monotypic genus particularly distinguished by its poorly sclerotised idiosoma, very short
idiosomal setae, a truncate, strongly hypotrichous dorsal shield, very short peritremes, longitudinally divided sternal
shield, very small epigynal shield, highly reduced leg chaetotaxy, and small, slender chelicerae including a finger-
like fixed digit. A divided sternal shield is also found in Scissuralaelaps but the latter lacks most of the features
above-mentioned for Iphiolaclaps. Selected reference: Womersley (1956a).

Iphiopsis Berlese

Idiosoma about 800 pm long, suboval, posteriorly truncate, based on illustration of type species (/. mirabilis
(Berlese)); obovate in I. obesus Banks. Dorsum (or dorsal shield, putatively covering all idiosoma) with many
mid-sized setae, at least along lateral margins, in /. mirabilis, based on Berlese’s (1882) illustration, or with a few
scattered minute setae in /. obesus, based on Banks’ (1917) text. Epigynal shield more or less tongue-shaped, short.
Peritreme absent; stigma enlarged, oval, without peritrematal plate. Sternal shield bearing s#4 in addition to st1-3,
and opisthogaster with short, stout setae in /. obesus (sternal and opisthogastric setae not described for 1. mirabilis).
Anal shield of the type species apparently elongate, narrow, acuminate anteriorly, bearing anus in its anterior half;
in contrast, anal shield enlarged in /. obesus, with the anus located in posterior third.

Gnathosoma small, positioned ventrally under idiosoma. Cheliceral digits small, fixed digit putatively with a
single tooth. Epistome slightly convex, serrate. Legs short, especially for 1. obesus. All pretarsi well-developed, with
large pulvilli; pretarsus I without claws (notes on cheliceral dentition, epistome and pretarsus based on type species
only).

This genus is inadequately known, with only two species described, each with limited information, some of which
may be conflicting, especially the idiosomal shape (truncate vs obovate) and the anal shield (size, anus position).
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The large stigmata devoid of peritremes, small gnathosoma, and large pulvilli appear as the main distinctive features
of this group. Selected references: Berlese (1882c), Banks (1917).

FIGURE 37. Female. Jacobsonia Berlese (modified from Fain, 1994): A, dorsal idiosoma; B, ventral idiosoma; C, chelicera.
Scale bars = 150 um for dorsum and venter, 30 um long for chelicera.

Jacobsonia Berlese (Fig. 37)

Idiosoma relatively elongate, 600—800 um long. Dorsal shield typically abbreviated and covering slightly more than
anterior half of idiosoma, sometimes covering most of idiosoma; shield usually with 13-25 pairs of setae, or more
(3040 pairs) in species with larger shields (homology of setae impossible to determine for most species described);
setae very short or minute, except occasionally 1-2 posterior setae (e.g. Z5) short to mid-sized (J5 somewhat
star-shaped in J. andrei Fain); some males may have larger dorsal shields or longer setae. Other idiosomal setae
usually short to minute (some opisthogastric setae thickened in J. andrei). Unsclerotised dorsal cuticle with about
8—11 pairs of setae and opisthogaster with only 47 pairs of setae. Tritosternum with laciniae smooth or with short
pilosity. Sternal shield well-developed, much longer than wide, more or less reaching level of posterior margin of
coxa III, often with strong endopodal extension between coxae II-II1. Seta s74 absent in one species. Epigynal shield
moderately to extremely small, and short, barely extending beyond posterior margin of coxae IV (exceptionally
larger in J. fertia, covering most of opisthogaster), posteriorly truncate or rounded; s¢5 on the shield’s posterolateral
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corners (or in anterior part of enlarged shield in J. tertia), rarely off shield or absent; anterior hyaline portion never
overlapping sternal shield. Endopodal plate reduced or absent; metapodal plates absent. Anal shield variously pear-
shaped or subtriangular; cuticle apparently desclerotised around anus in some species; circum-anal setae usually
very short, post-anal seta even shorter, or absent. Stigma extending into a very short peritreme (maximum three
times as long as wide) or without peritreme, surrounded by a small suboval or subtriangular (peritrematal) plate, or
plate finely tapered at both ends and sometimes fused to parapodal plate. Known males with sternogenital shield
truncate or narrowly tapered posteriorly, distant from anal shield.

Fixed cheliceral digit with 2-3 teeth and usually extending apically into a long, weakly sclerotised slender
process, about as long as the main part of digit; movable digit with 1-2 teeth. Male fixed digit without apical process;
spermatodactyl often distinctly divided into three segments, and with fixed digit reduced in some cases. Epistome
subtriangular, rounded, truncate or somewhat three-pronged, with margin generally denticulate. Hypostomal setae
h1-3 and seta pc very short; one pair of / setae sometimes absent (putatively /#3). Deutosternum with 6—-10 rows
(usually more than six) of mostly 2—10 denticles each (rarely more). Palp genu and tibia with only five and ten setae,
respectively.

Legs with short setae. Males with leg setae sometimes longer or thicker than in females, e.g. tarsus II with spur-
like setae (and/or cuticular spurs). Coxae apparently with rounded spurs in a few species. Leg chaetotaxy extremely
reduced, including (based on few species studied): trochanters I, III and IV with only four setae each; femora I and
II with ten and eight setae; genu I with six setae (1-1/1, 1/1-1), genua II-1V with four setae (1-1/0, 1/0-1); tibia I
with six (1-1/1, 1/1-1), and tibiae II-1V with five setae (1-0/1, 1/1-1). Pretarsal claws absent or vestigial, pulvilli
well-developed.

Jacobsonia has many strong diagnostic features, notably the reduction of the peritremes, dorsal shield (and
usually hypotrichous), epigynal shield and claws, and very short idiosomal and gnathosomal setac. Many of these
features are shared with symbionts of insects (Berlesia, Katydiseius) or myriapods (Conolaelaps, Iphiolaelaps,
Narceolaelaps, some Julolaelaps), but the leg chaetotaxy is more strongly reduced, the palp chaetotaxy is reduced
(also in Conolaelaps and Iphiolaelaps), the sternal shield is unusually elongate, and the fixed digit often has a long
apical process in Jacobsonia species. Selected references: Evans (1955), Casanueva & Johnston (1992b), Fain
(1994).

Julolaelaps Berlese (Fig. 38)

Idiosoma 500-1500 pm long. Dorsal shield ranging from broadly oval, covering most of the idiosoma dorsally, to
very reduced and leaving most of the idiosoma exposed; with 9—40 pairs of setae; usually a few setae are lacking
from more than one podonotal or opisthonotal series; Zx2-3 rarely present. Idiosomal setae usually short or very
short; occasionally some setae longer, especially marginally, including j1 or Z5. Unsclerotised dorsolateral cuticle
occasionally hypertrichous (region of setae R-UR), opisthogaster sensu stricto (region of setae Jv-Zv) normal or
hypotrichous (with as few as five pairs of setae). Sternal shield usually slightly to moderately wider than long,
occasionally longer than wide; occasionally distinctly concave posteriorly. Epigynal shield drop-shaped (rarely
tongue-shaped), either moderately large (rarely enlarged as to almost reach anal shield), or very narrow (about half
as wide as anal shield) and shortened, barely extending beyond level of 525 (borne on margins, rarely off shield);
shield usually with an obvious (narrow) neck at level of coxae IV. Opisthogastric region with semi-sclerotised
zone posterior to epigynal shield in some species (J. celestiae Uppstrom & Klompen, J. idjwiensis Fain). Anal
shield apparently absent in a few species, with circum-anal setae on unsclerotised cuticle surrounding anus (J.
cameroonensis Maes, J. serratus Maes); post-anal seta subequal or moderately longer (rarely shorter) than para-anal
setae. Parapodal plate usually moderately to broadly thickened (sometimes narrow or not developed). Peritreme
usually short (reaching coxa II) or very short (coxa III), occasionally relatively long (reaching coxa I), and rather
broad in some species; peritrematal plate narrow, free anteriorly, usually barely developed posteriorly to stigma.
Males with holoventral shield, with opisthogastric portion entire (subtriangular) or more frequently reduced and
rounded or eroded laterally; rarely with separate sternogenital and anal shields.

Cheliceral fixed digit with 2—4 teeth, or 5-8 teeth in a group of species from Japan (including two large teeth
flanking 2—4 smaller teeth posteriorly to pilus dentilis); male chelicerae either chelate-dentate, with enlarged
movable digit (coalesced with spermatodactyl), or with edentate digits including a regressed fixed digit and a stylet-
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like movable digit bordered by a long spermatodactyl. Epistome ranging from slightly convex to strongly produced,
rounded or acuminate, with margin smooth or denticulate. Deutosternum varying between species, with rows of
only 1-2 denticles each, to rows of 12—17 denticles; hypostomal setae and pc mostly very short.

FIGURE 38. Female. Julolaelaps Berlese (modified from Nemati et al., 2015): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars = 200 um for idiosoma, 50 pm for chelicera; enlarged idiosomal seta not in scale.

Leg setae generally short, with a few setae thicker than others, especially apicodorsal setae of femora I1I-1V.
Leg chaetotaxy varies within the genus and even intraspecifically, with the following deviations, mostly reductions,
from normal: femur I usually with 12 setae (including only three ventrals); genu I often with 12 setae, lacking one av
(9 and 13 setae in other species); genu Il often with ten setae (lacking one p/), genu IV with 8—10 setae; tibia [ with
10-12 setae (lacking at least an av and/or a pl seta), rarely 13; tibia Il usually with nine setae (lacking one p/); tibiae
III-1V usually normal, sometimes with seven and 8-9 setae, respectively. Pretarsal claws sometimes reduced.

This genus exhibits particularly high morphological diversity, notably for its dorsal chaetotaxy and development
of dorsal and epigynal shields and of peritremes. This variability makes it difficult to diagnose, but usual features
include an epigynal shield with a narrow neck, very short pc and hypostomal setae, thick parapodal plates, peritremes
short, and legs hypotrichous. Other myriapod symbionts for which legs have been scrutinized have more heavily
reduced leg chaetotaxy, especially on femur, genu and tibia of leg I, except for Scissuralaelaps (see remarks at the
end of the diagnosis of that genus). Selected references: Fain (1987), Uppstrom & Klompen (2005), Moraza &
Kazemi (2012).

Katydiseius Fain & Lukoschus (Fig. 39)

Idiosoma about 850 um long. Dorsal shield reduced, bearing only 11—12 pairs of setae; dorsum lacking at least 18
pairs of setae, most notably j1 (not to be confused with j3, occupying the position typical for j1 on the shield), J1-3
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and J5; unsclerotised dorsolateral cuticle with a few setae not captured by shield (» and S setae) and a cluster of
sigilla anterolaterad of shield; setae varying from short (especially in podonotal region) to mid-sized. Sternal shield
highly reduced, irregularly shaped, bearing only s¢1; s2-3 on unsclerotised cuticle. Epigynal shield short, more or
less drop-shaped; s¢5 on shield or on unsclerotised cuticle. Setae s¢1-5 long. Anal shield oval, circum-anal setae
mid-sized, post-anal shortest. Peritreme very short, about twice as long as wide; peritrematal plate mostly restricted
to a short, tapered extension posterior to stigma, free anteriorly. Opisthogaster hypotrichous, with only 3—4 pairs of
mid-sized Jv-Zv setae.

FIGURE 39. Female. Katydiseius Fain & Lukoschus (modified from Fain & Lukoschus, 1983): A, dorsal idiosoma; B, ventral
idiosoma; C, chelicera. Scale bar =200 um for idiosoma; chelicera not in scale.

Cheliceral shaft swollen basally and tapered in apical two-thirds, movable digit strongly sclerotised, flaring
laterad of fixed digit, with four coarse teeth directed outward; fixed digit truncate, bifid; without pilus dentilis.
Epistome triangular, with margin smooth. Deutosternum with ten rows of mostly 2—4 denticles each. Hypostome with
a pair of very long processes (putatively corniculi) reaching palp tibia. Seta #1-2 very short, 43 very long. salivary
styli very long, reaching apex of palp genu. Palp femur and genu with only four and five setae, respectively.

Leg chaetotaxy greatly reduced, including trochanters II-I1I with only four setae; femora I-III with 11-9-5,
genua [-IV with 8-6-6-8 and tibiae I-IV with 8-7-7-7 or 8 setae, respectively. All pretarsal claws reduced.

Katydiseius is a monotypic genus closely related to the other katydiseiine genus, Berlesia, both characterised
by uniquely modified chelicerae and highly hypotrichous dorsal shields. Katydiseius differs from Berlesia by a
sternal shield bearing only s71, the lack of /1 (j3 isolated anteriorly on shield), and its greatly reduced leg chaetotaxy.
Selected references: Fain & Lukoschus (1983), Lindquist et al. (2020).
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Laelaspis Berlese (Fig. 40)

Idiosoma 400—700 um long. Dorsal shield broadly oval or ovate, rarely narrowly oval or almost circular; covering
all idiosoma dorsally; usually with 39 pairs of setae (including Zx2—3), sometimes fewer (35-38 pairs, with e.g.
z3, 85 missing), rarely 40 pairs (including an extra pair near J4 in L. morazae Kazemi), and usually three unpaired
median (Jx) setae (occasionally 0-2 and exceptionally six in L. equitans (Michael), including one between j6 setae);
setae generally long, with a tendency for elongation posteriorly or marginally (rarely all short and subequal), often
with setae very long, whip-like; setaec often moderately to heavily barbed, especially marginal ones, which are
often also thickened; setae typically with an asymmetrical bulge near base (sometimes barely distinct or absent),
sometimes resulting in scimitar-like setae when setae thick enough. Unsclerotised lateral and opisthogastric cuticle
usually including 76 and 5—6 R setae and a few UR setae on each side; setae often elongate, barbed and tylochorous.
Sternal shield usually bilobed anteriorly (apparently incorporating presternal elements) and about as long as wide,
although often broader posteriorly (at level of s¢3). Seta s¢4 inserted on endopodal plate. Epigynal shield massive:
broadly rounded posteriorly (sometimes slightly tapering, and rarely acuminate; when tapered, shield forming a
“snake head”), narrowly to broadly abutting anal shield (rarely not reaching it); usually strongly bulging (and
angled) laterally between st5 and Zv1 and nearly abutting parapodal plate; sometimes only gently rounded (hence,
broadly drop-shaped); shield bearing s¢5 and Zv1 on its margins (rarely Zv1 on soft cuticle, tightly flanking shield),
sometimes also Jv1, and Jv2 on soft cuticle closely flanking shield margin; shield characteristically ornamented
with two elongate, parallel inverted-V-shaped ridges (the outer ridge often less distinct) enclosing medially 8-9
cells, with cells either subquadrate and oriented transversally/diagonally, or strongly tapering and curving posteriad
along midline (few exceptions to those two patterns); shield usually flanked by elongate, narrow metapodal plate.
Anal shield triangular to subtriangular, occasionally slightly concave anteriorly; post-anal seta usually distinctly
longer and thicker than para-anal setae, occasionally barbed. Parapodal plate thickened, usually developed as a
subtriangular lobe. Peritrematal plate well-developed, including posteriorly to stigma, often reaching well beyond
coxa IV.

FIGURE 40. Female. Laelaspis Berlese (modified from Kazemi, 2015): A, dorsal idiosoma; B, ventral idiosoma; C, chelicera;
D, detail of an idiosomal seta. Scale bars = 100 pm for dorsum and venter, 20 um for chelicera; enlarged idiosomal seta not in
scale.
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Cheliceral digits relatively short; fixed digit with at most six teeth; movable digit sometimes edentate or with a
single tooth. Epistome subtriangular and more or less pointed, or a rounded lobe, with margin essentially smooth.
Deutosternum with rows of 3—15 denticles each, usually 5-10. Internal malae occasionally with lateral arms, in
addition to median arms; lateral arms may bear thick, elongate filaments (e.g. L. astronomicus).

Leg setae generally slender; a few setae sometimes thickened, especially adl on femora II-1V. Leg chaetotaxy
normal, with rare exceptions (genu IV with no p/ or with two pl).

This genus is one of the easiest genera to identify, thanks to its distinctively shaped and ornamented epigynal
shield, bearing s¢5 and 1-2 pairs of opisthogastric setae on its margins. Other diagnostic features include frequently
elongate dorsal and opisthogastric (the latter also tylochorous) setae, sternal shield bilobed anteriorly, s#4 situated
over endopodal plate, parapodal plate thick, peritrematal shield elongate posterior to stigma, and epistome smooth-
margined. Selected references: Joharchi et al. (2012a), Kazemi (2015).

FIGURE 41. Female. Laelaspisella Marais & Loots (modified from Marais & Loots, 1969): A, dorsal idiosoma; B, ventral
idiosoma. Scale bar = 100 pm.

Laelaspisella Marais & Loots (Fig. 41)

Idiosoma 500—600 um long. Dorsal shield broadly oval, covering all of idiosoma dorsally; apparently hypertrichous
in all series of setae, representing the equivalent of about 90 irregular “pairs” of setae, and several unpaired
posteromedian (Jx) setae; all setae very short. Ventral setae mid-sized, with 1-2 posterior setae (including Jv5)
barbed or pilose apically; unsclerotised cuticle with 89 pairs of Jv-Zv and 0—6 pairs of 7-R setae. Laciniae apparently
fused for about a quarter of their length. Presternal area apparently with sclerotised, discrete platelets; sternal shield
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broad posteriorly, with setae 573 at least twice as far apart as setae s¢1; posterior margin concave. Seta s¢4 absent.
Endopodal plate apparently narrowly fused to sternal shield. Epigynal shield enlarged, tongue- or drop-shaped
(or mildly snake-head shaped), broad throughout, slightly widening posteriorly, and reaching relatively close to
anal shield; bearing s¢5. Post-anal seta apparently subequal or longer than para-anal setae. Parapodal plate well
developed. Peritrematal plate extending at least to posterior margin of coxa IV.

Cheliceral fixed digit with about three teeth; movable digit apparently with three teeth in the type species; dorsal
seta apparently absent. Epistome triangular, with margin smooth. Deutosternal groove relatively broad, each row
with many denticles. Palp tarsus bearing a scale-like hyaline lobe near base of palp tarsal claw. Median projections
of internal malae with elongate fimbriae along margins.

Some leg setae thickened, including ventrals of tarsus II. Leg chaetotaxy normal except for femur I apparently
having only 12 setae, genu I only 12 setae (including two pd), and genu IV ten setae (including two ventrals).

The most obvious diagnostic features of Laelaspisella, notably a strongly hypertrichous dorsal shield, bulky
epigynal shield, posteriorly broadened, concave sternal shield, sz4 absent, strongly fimbriate internal malae, and a
triangular, smooth-margined epistome are shared with Pogonolaelaps. The latter differs from Laelaspisella at least
by having only moderate hypertrichy restricted to the opisthonotal region, a 3-tined palp tarsal claw, tylochorous
opisthogastric setae and poroid iv3 on sternal shield. In addition, Laelaspisella has a hyaline scale associated with
the palp tarsal claw. Selected references: Marais & Loots (1969a), Nemati & Gwiazdowicz (2016b), Joharchi et al.
(2020).

FIGURE 42. Female. Laelaspoides Eickwort (modified from Eickwort, 1966): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bar = 100 um for idiosoma; chelicera not in scale.

Laelaspoides Eickwort (Fig. 42)

Idiosoma 650 pm long. Dorsal shield broadly oval, bearing 39 pairs of setae including Zx2-3, and 5-6 Jx setae
mostly between J3 and past J4 setae, sometimes also anterior to J3; most setae short, j1 (stout) and Z5 mid-sized;
S4-5 and Z5 barbed. Sternal shield bilobed anteriorly (fused to presternal platelets), slightly wider than long. Seta
st4 on endopodal plate (“on poorly defined plate” in Eickwort, 1966) or on unsclerotised cuticle. Epigynal shield
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robust, drop-shaped or snake-head shaped. Anal shield broadly obovate or drop-shaped. Setae of ventral idiosoma
mid-sized, except circum-anal setae relatively short; post-anal seta subequal to but thicker than para-anal setae.
Unsclerotised cuticle with most of dorsomarginal (76, R1-6) and opisthogastric setae (nine pairs of Jv-Zv and two
of UR) barbed. Male with sternogenitiventral shield, moderately expanded posterolaterally or not, with irregular
margins, well removed from anal shield.

Cheliceral fixed digit with 6—7 mid-sized closely spaced teeth. Epistome subtriangular, with margin weakly
serrate; deutosternum with rows of 10—15 denticles each. Internal malae with a pair of lateral arms broadly developed
and strongly fimbriate, more so than slender median arms.

Leg setae relatively thick, especially adl on femora II-IV and pd2 on femora II. Chaetotaxy normal.

A monotypic genus with only few distinctive features, including 5-6 Jx setae, a broad dorsal shield with short
setae except j1 and Z5, a broadly drop- or snake-head shaped epigynal shield, opisthogastric and dorsomarginal
setae barbed, and internal malae with lateral arms strongly fimbriate. Selected reference: Eickwort (1966).

Ljunghia Oudemans (Fig. 43)

Idiosoma 500—900 um long. Dorsal shield usually suboval or tapered posteriorly, with extensive area of unsclerotised
cuticle exposed, occasionally broadly oval and covering most of idiosoma dorsally; with 15-36 pairs of setae, lacking
in particular 2-5 setae of the J-series (rarely all present); most species with only 15—-18 pairs on shield, including
only 2-5 pairs of opisthonotal setac more or less restricted to margins, leaving the shield bare posteromedially.
Idiosomal setae generally long or very long; a few dorsal setae typically short (e.g. j1, z1 or J5 when present),
sometimes also central setae (e.g. j5-6), or Jv-Zv setae. Sternal shield nearly always much wider than long and
deeply concave posteriorly, rarely only slightly concave (exceptionally, shield quadrate in L. rainbowi Domrow,
without endopodal extensions); anterior margin either bilobed (and sz1 inserted on shield, away from margin) or
more or less straight (and s¢1 on margin); setae s¢3 usually 1.7-3 times as far apart as setae st1. Seta st4 usually
absent. Epigynal shield more or less tongue-shaped, moderately to more often very distant from anal shield; seta s¢5
usually on shield margin, occasionally on unsclerotised cuticle or even absent. Anal shield obovate, always longer
than wide; circum-anal setae relatively long, post-anal subequal or moderately shorter than para-anal setae, the
latter inserted distinctly (and directly) behind anal opening or near level of its posterior margin; shield occasionally
terminal (with cribrum seen dorsally). Lateral and opisthogastric unsclerotised cuticle usually including at least
seven pairs of Jv-Zv setae and several pairs of R setae, seldom hypertrichous (with up to a dozen extra “pairs”
in each of the region of Jv-Zv setae and R-UR setae). Peritrematal plate minimally developed, with or without a
short extension posterior to stigma, typically free anteriorly, occasionally fused to dorsal shield (fused to exopodal-
parapodal plate in L. guangxiensis (Ma)). Males with a sternogenital shield, rounded or tapered posteriorly, or with
a holoventral shield narrowed posteriorly.

Fixed cheliceral digit either normal in size with 1-2 (rarely three) teeth, or reduced (much shorter than movable
digit), edentate and with or without apical hook (in the latter case, fixed digit finger-like); movable digit usually with
two teeth, occasionally with one tooth or more or less edentate and finger-like. Male cheliceral digits sometimes
edentate, finger-like, with fixed digit reduced, despite normal chelicerae in conspecific female. Epistome variously
subtriangular or rounded, sometimes acuminate or with two or three lobes; margin serrate. Deutosternal groove
typically with 5-7 rows of 4—10 denticles (rarely fewer, 1-3 denticles, or more, 10-20 denticles), occasionally with
9-10 rows. Corniculi short, and usually blunt and notched apically (corniculi obscured by large lobe-like hypostomal
projections in L. pulleinei Womersley). Internal malae occasionally with slender lateral arms, in addition to median
arms. Palp setation sometimes reduced, most notably genu with five setae and tibia with 9—13 setae in some species,
with intraspecific variation.

Leg chaetotaxy varies between species, and usually differs by one or more losses of setaec from the norm,
including notably: femur I often with 12 setae (including only three ventrals); tibia II with 810 setae, usually nine
setae (including only one p/); genu and tibia [ sometimes each with 12 setae (only two ventrals) (each rarely with 11
setae, or tibia I with 14 setae). More sporadic deviations include: genu II rarely with ten setae (only two ad); genu
IV with 8-9, rarely ten setae (sometimes with only two pd, and/or with pv present); tibiae I1I-1V occasionally with
only seven and 8-9 setae, respectively. Pretarsal claws often small or weakly sclerotised (and modified in J-shaped
structures in some species), pretarsus I sometimes vestigial.
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FIGURE 43. Female. Ljunghia Oudemans (modified from Halliday & Juvara-Bals, 2016): A, dorsal idiosoma; B, ventral
idiosoma. Scale bar = 150 um.

Despite the strong morphological variation between species, Ljunghia can be distinguished from other genera
by (i) their relatively long dorsal setae; (i7) the usually highly reduced dorsal setation especially in the opisthonotal
region; (iii) st4 usually absent; (iv) anal shield obovate with para-anal setae inserted behind anus; (v) short sternal
shield, deeply concave posteriorly; (vi) claws often weak; (vii) blunt or bifid corniculi; and (vii7) the often reduced
cheliceral fixed digit. The normal, long peritremes of Ljunghia species further distinguish them from other arthropod
associates. Selected references: Moraza et al. (2009), Masan et al. (2012), Halliday & Juvara-Bals (2016).

Lucanaspis Costa (Fig. 44)

Idiosoma about 600 um long. Dorsal shield oval, bearing 33 pairs of setae, including Zx2; lacking z1, z3, and z6, and
723 off shield; setae z4, s4—5 and most Z setae inserted more marginally than usual; most setae very short, seven
pairs longer, including j1-2 and s4—5 mid-sized, j3 and z4 long, Z4 very long (and wavy). Presternal area weakly
sclerotised, lineate-reticulate. Sternal shield distinctly wider than long, posterolateral corners slightly eroded.
Epigynal shield moderately large, between tongue- and drop-shaped, reaching close to anal shield. Post-anal seta
slightly shorter than para-anal setae. Peritrematal plate minimally developed except for short extension posterior to
stigma; free anteriorly. Unsclerotised opisthogastric cuticle with short setae including 2—4 pairs of R or UR flanking
Jv-Zv setae; unsclerotised lateral cuticle anteriad level of metapodals with no setae.
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FIGURE 44. Female. Lucanaspis Costa (modified from Costa, 1971): A, dorsal idiosoma; B, ventral idiosoma; C, chelicera.

Scale bars = 100 pm for dorsum and venter, 100 pm for chelicera.

Cheliceral fixed digit with two subapical teeth, a mid-sized tooth level with pilus dentilis, following by a
serrated row of about seven minute teeth. Epistome subtriangular, somewhat tongue-shaped, with margin serrate;
deutosternum with rows of ten or more denticles each. Internal malae with a pair of short fimbriate arms in addition
to median arms.

At least one dorsal macroseta on each of femora II-1V and tarsus IV; other leg setae simple except for tarsus 11
with a/l and p/1 stout. Leg chaetotaxy normal.

Lucanaspis is a monotypic genus similar to Hypoaspis and other relatives, e.g. Dynastaspis, Promacrolaelaps
(see note in Acantholaelaps diagnosis). It differs from them mainly by most dorsal setae being very short, including
along margin (Dynastaspis and some Hypoaspis species have short setae but not along margin), only Zx2 present
(Zx2-3 present in Hypoaspis; Zx2 may be present in Mumulaelaps, but Zx2-3 are absent in other genera), sternal
shield wider than long, epigynal shield close to anal shield, and soft cuticle without setac anteriorly. Selected
reference: Costa (1971).

Meliponaspis Vitzthum (Fig. 45)

Idiosoma about 1100 um long. Dorsal shield obovate, somewhat truncate anteriorly, with unsclerotised cuticle
exposed posteriorly; with only 32 pairs of mostly short setae, mid-sized along shield margin. Setae on dorso- and
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ventromarginal unsclerotised cuticle (7-8 pairs of R, three pairs of UR) also longer and thicker. Sternal shield
unusually shaped and enlarged; endopodal extensions strongly developed between coxae I-1I but even more so
between coxae II-111, crossing entirely area between coxae; shield extending anteriorly over most of tritosternum
and base of subcapitulum; anteriormost portion represented by a transverse plate, distinct (delimited by a suture)
from main part of shield; laterally covering proximal parts of coxae I-III; posterior margin with a rounded notch
medially. Seta st4 apparently on endopodal plate. Setae st1-5 short. Epigynal shield enlarged, somewhat drop-
shaped, broadly expanded behind s¢5 level (nearly twice as wide as distance between coxae 1V); anterior portion
acuminate; bearing s¢5. Anal shield small, pear-shaped, post-anal seta longer than para-anal setae. Stigma enlarged,
peritreme relatively long (almost reaching coxa I), apparently devoid of plate. Opisthogaster with six short Jv-Zv
setae (flanked by three mid-sized UR setae).
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FIGURE 45. Female. Meliponaspis Vitzthum (modified from Vitzthum, 1930): A, dorsal idiosoma; B, ventral idiosoma. Scale
bar =200 pm.

Gnathosoma, including palps, very small, positioned ventrally under idiosoma.

Leg I very slender, except coxa I which has a width similar to segments of other legs. Leg setae generally short,
a few mid-sized and thickened. Pretarsal claws small, especially of leg I. Although the illustrations of Vitzthum
(1930a) are well presented for the time, leg chaetotaxy is difficult to interpret; genu IV, for instance, has an unusual
chaetotaxy (illustration showing 2-2/1, 2/1-2).

This monotypic genus is inadequately known. The large, unusually shaped sternal shield covering the base of a
reduced gnathosoma, a large epigynal shield contrasting with a small anal shield, and slender front legs are its most
distinctive features. Selected reference: Vitzthum (1930a).
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Melittiphis Berlese (Fig. 46)

Idiosoma about 800 um long. Dorsal shield subcircular, covering all idiosoma dorsally; markedly hypertrichous
(with ca. 77 pairs of setae), especially near opisthonotal lateral margins; several unpaired (Jx) setae posteromedially,
including a few near J5; most setae very short, slightly longer near posterolateral margins and stout, spine-like;
75 mid-sized. Presternal area with an elongate sclerotised plate, subhexagonal, with a keel-like ridge medially;
sternal shield strongly concave anteriorly and posteriorly, with endopodal extensions between coxae I-II and TI-I11
well-developed; seta st4 on well-developed endopodal plate or on unsclerotised cuticle; iv3 on sternal shield, just
mesad of s£3; st1-5 long. Epigynal shield broad, somewhat drop-shaped. Anal shield large, suboval (appearing
truncate or concave posteriorly due to apex bent dorsally); anus small, in posterior third of shield, preceded by a
cuticular spur; post-anal slightly longer than para-anal setae, the latter anteriad of anal opening. Exopodal-parapodal
strip flanking coxae II-IV thick. Peritrematal plate distinctly curved alongside coxae, narrowly fused to dorsal
shield anteriorly, and extending slightly beyond coxa IV. Unsclerotised lateral and opisthogastric cuticle highly
hypertrichous, including in regions of Jv-Zv and of R-UR setae; most setae inflated basally and tylochorous. Male
with sternogenital shield, narrowly separated from a ventrianal shield bearing ca. ten pairs of setae, with irregular
margins; genital opening on anterior portion of the presternal plate.
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FIGURE 46. Female. Melittiphis Berlese (modified from Evans & Till, 1966): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars =200 pm for dorsum and venter, 25 um for chelicera.

Cheliceral digits weakly hooked apically; fixed digit edentate, pilus dentilis inserted near digit apex; movable
digit with two weak teeth. Epistome strongly convex, rounded, with margin smooth. Deutosternum with 8-9
denticles arranged in a single longitudinal file. Corniculi weakly sclerotised, convergent.

Genua and tibiae II-1V with most apicodorsal setae spine-shaped, as well as dorsal setae on trochanters III-IV.
Coxa II with a complex non-setigerous spine on anterior margin. Leg chaetotaxy normal except for tibia III having
nine setae, including two p/ (2—1/1, 2/1-2) and genu IV with ten setae, including two ventrals (2-2/1, 3/1-1). Tarsi
II-1V without dorsoapical processes (ad1, pdl).

A highly distinct monotypic genus, which was originally the sole representative of the subfamily Melittiphinae
erected by Evans & Till (1966), recognised by its subcircular dorsal shield bearing many short setae, spine-like
marginally, hypertrichous opisthogaster, large suboval anal shield with a spur anterior to anus, almost edentate
chelicerae, a peculiar presternal plate anterior to a short, concave sternal shield, a very narrow deutosternum and
hyaline, slender corniculi. Selected reference: Evans & Till (1966).
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Melittiphisoides Delfinado-Baker et al. (Fig. 47)

Idiosoma about 500 pm long. Dorsal shield strongly convex, putatively holotrichous, setae very short, some marginal
setae spine-like. Sternal shield inverted U-shaped, fused to metasternal and (posterior) endopodal elements, bearing
st1-4; setae st1 close to each other, on a small distinct platelet (attached to rest of shield); s#2 distinctly bulbous
basally, inserted on rounded processes. Epigynal shield rounded and broadest anteriorly, including hyaline region,
constricted at level of s¢5, then bulging laterally, tapering to a truncate posterior margin, abutting anal shield; bearing
only st5. Anal shield large, subtriangular or bowl-shaped, much broader than posterior margin of epigynal shield,
bearing stout circum-anal setae; post-anal slightly shorter than para-anal setae. Unsclerotised opisthogastric cuticle
hypertrichous, with long, thickened setae.

FIGURE 47. Female. Melittiphisoides Delfinado-Baker et al. (modified from Delfinado-Baker et al., 1984): ventral idiosoma.
Scale bar = 100 pm.

Gnathosoma almost entirely hidden by idiosoma in dorsal view. Cheliceral fixed digit with three teeth, including
two subapically; dorsal seta apparently absent. Epistome smooth; hypostome elongate, corniculi relatively close;
deutosternum narrow, with only five rows of 1-5 denticles each.

Leg I slender, legs II-1V robust; most setae of legs II-IV short, spine-shaped. Pretarsal claw I small. Leg
chaetotaxy seemingly with some differences from the norm (e.g., tibia III with only seven setae, lacking one a/), but
needs to be re-assessed.

The peculiar arrangement of the epigynal shield, broad anal shield with stout setae, the horseshoe-shaped sternal
shield complex, including s2 basally inflated, and the many spine-shaped leg setae appear as the most diagnostic
features for this monotypic genus. Selected reference: Delfinado-Baker et al. (1984).
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Mumulaelaps Clark (Fig. 48)

Idiosoma about 1200 um long. Dorsal shield slightly tapering on both ends, and bluntly acuminate posteriorly,
leaving a substantial area of unsclerotised cuticle exposed posterolaterally; bearing only 22-24 pairs of setae, at
least z4 and s4-5 inserted more marginally than usual (and ;2 closely flanking j1); lacking at least z1, z3, s2-3;
seta Zx2 sometimes present (apparent at least on right side of illustration in the original description); about ten
pairs (s6, r- and S-series) not captured by dorsal shield, on soft cuticle; j3, z2, z4, s4-5, Z4-5 very long, other
setae short. Presternal area weakly sclerotised, transversely lineate; sternal shield slightly longer than wide, free
of endopodal fragments, densely reticulate; posterior margin concave, anterior margin indistinct, with seta s¢1 on
weakly sclerotised area. Epigynal shield drop-shaped, relatively broad posteriorly; sz5 on soft cuticle. Post-anal seta
slightly longer than para-anal setae. Peritrematal plate free anteriorly. Unsclerotised laterodorsal and opisthogastric
cuticle slightly hypertrichous, including 1718 pairs of R-UR setae; setae very long, except some Jv-Zv setae short
or mid-sized. Male with sternogenitiventral shield strongly eroded marginally, bearing s¢1-5 and 1-2 opisthogastric
pairs of setae and distant anal shield.

B

FIGURE 48. Female. Mumulaelaps Clark (modified from Clark & Hawke, 2012): A, dorsal idiosoma; B, ventral idiosoma (a
composite of figures 5 and 6 of Clark & Hawke, 2012); C, chelicera. Scale bars = 200 um for dorsum and venter, 50 pm for
chelicera.

Cheliceral fixed digit with three subapical teeth, one aligned with pilus dentilis, followed by a regular row of
89 small teeth; movable digit with a few small teeth (two in illustration) between the two main large teeth. Male
cheliceral movable digit with very strong tooth close to (also strong) apical hook, fixed digit with a serrated ridge,
seemingly raised from rest of digit, proximal to pilus dentilis. Epistome strongly convex, subtriangular, serrate.
Deutosternum with rows of 10-20 denticles each, basal row narrower, and flanked by a pair of strong denticle
outside of groove.
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Leg I barely longer than leg III. Many dorsal macrosetae on femora I-II (pd1), femora III-1V (ad1), and all
genua (mostly 1-2 apicodorsal setae), as well as tibia (ad1) and tarsus IV (four dorsals); some macrosetac may be
absent, based on an undescribed species mentioned by Clark & Hawke (2012). Tarsi [I-1V with several spur-shaped
setae, including a/l, pl1 but also av2, pv2 and sometimes mv. Leg chaetotaxy normal.

Mumulaelaps is a monotypic genus closely related to Coleolaelaps, both having a reduced number of setae on
the dorsal shield, many not captured by the shield including the S-series; eroded, densely reticulate sternal shields;
epigynal shield with a narrow neck; and leg I subequal in length to leg III (or in Coleolaelaps, shorter than leg III).
Mumulaelaps can be distinguished from Coleolaelaps by its gently tapered dorsal shield with margins entire (usually
narrowed posteriorly and often incised laterally in Coleolaelaps), most dorsocentral setae shorter (setae usually long
in Coleolaelaps), seta h3 distinctly longer than #1-2, spur-like setae on tarsi, and perhaps also by the distinctive
dentition of male chelicerae, which is reminiscent of Raymentia. Selected reference: Clark & Hawke (2012).

Mpyrmozercon Berlese (Fig. 49)

Idiosoma 600-1300 pum long. Dorsal shield suboval to subcircular, usually truncate posteriorly (and posterior
margin occasionally irregular), typically leaving a short portion of unsclerotised cuticle exposed at the apex,
sometimes also laterally; often slightly hypotrichous in either or both podonotal (e.g. lacking z3, z6, s1-2 or r2)
and opisthonotal (e.g. lacking J1, S1) regions, resulting in 23—37 pairs on shield; sometimes moderately (ca. 50
pairs) or extremely hypertrichous (with 300-800 setae, including in the type species, M. brevipes); often with some
setae asymmetrically positioned or unpaired (i.e. lacking on the other side); setae Jx and Zx rarely accounted for;
podonotal setae often occupying more than anterior half of shield, and opisthonotal setae more restricted in space.
Setae uniformly short or mid-sized, occasionally very short (such reduction in setal lengths often associated with
hypertrichy); sometimes, setae progressively longer posteriorly, or posterior (or all) setae with barbs apically. Other
idiosomal (ventral and dorsomarginal) setae generally subequal to dorsal setae. Soft (dorso- or ventro-) lateral and
opisthogastric cuticle respectively with one to several pairs of (mostly) R-UR setae, and 8—10 pairs of Jv-Zv setae,
occasionally hypertrichous with 30-80 irregular “pairs” of setae, either or both near posterolateral margins and
in the area between epigynal and anal shields; setae tylochorous in a few cases. Tritosternum typically with short
base and smooth laciniae (rarely with normally developed pilosity). Sternal shield typically bilobed anteriorly,
as if fused to presternal elements (resulting in s¢1 being away from shield margin), often widened posteriorly
(with setae 513 about twice as far apart as setae s¢1) and/or broadly or narrowly fused to endopodal plate; concave
or variously eroded posteromedially, often resulting in an inversely U-shaped shield (sometimes shield normally
shaped; exceptionally desclerotised anteromedially in M. sternalis, resulting in a horseshoe-shaped shield). Seta st4
often absent (inserted on posterior endopodal extension in M. brevipes). Epigynal shield usually large and snake-
head shaped, more or less acuminate apically and bulging laterally near s¢5 (sharply so in M. brevipes), occasionally
more drop-shaped; distant from the anal shield, occasionally reaching close to it; bearing s¢5 (absent in at least
one species); when snake-head shaped, shield often occupying most of intercoxal region between coxae I11-1V;
ornamentation variable, sometimes posteriorly with serial inverted-V ridges or with dense reticulation. Anal shield
variously triangular, often with anterior margin concave, sometimes suboval, or terminal in position; circum-anal
setae generally short and subequal, sometimes mid-sized, or post-anal setae slightly shorter or longer (exceptionally,
M. brevipes with long para-anals and short post-anal seta); para-anal setae sometimes distinctly anterior to anus
(Jv3 captured by shield in M. chapmani). Peritreme short (reaching mid-coxa II) or very short (mid-coxa III) (only
exceptionally longer); peritrematal plate usually minimally developed around peritreme, sometimes with a short
post-stigmatic extension; plate rarely broad (as in M. crinitus, where it is also fused to parapodal plate) or narrowly
extending anteriorly and fused to dorsal shield. Male with holoventral shield or sternogenitiventral shield, narrow
or expanded laterally, moderately distant from anal shield.

Gnathosoma typically small and partly hidden ventrally. Cheliceral digits edentate, apically blunt, rarely with
weak teeth or with an apical hook (e.g. movable digit with apical hook and one tooth in M. clarus (Hunter &
Hunter) and M. spinosus (Hunter & Hunter)); fixed digit moderately reduced to vestigial; pilus dentilis rarely
present; arthrodial corona typically absent or with reduced filaments; dorsal cheliceral seta occasionally absent.
Male chelicerae without movable digit except for broad spermatodactyl. Epistome a subtriangular or rounded lobe,
sometimes acuminate, with margin smooth (rarely with few or many denticles). Deutosternum highly variable, with
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5-21 rows of denticles, ranging from a broad groove of 20-30 denticles per row, to a narrow groove with a single
large denticle per row (in M. brevipes). Corniculi usually weakly sclerotised, often variously modified in shape
(e.g. blunt, bifid, lobe-like) or highly convergent; internal malae usually reduced or absent, with inconspicuous or
no fimbriation. Palp coxal and hypostomal setae sometimes short, including /3; pc absent in some species. Palp
chaetotaxy nearly always reduced, with most species having two or more segments with fewer setae than normal,
including trochanter (typically with a single seta, sometimes two), femur (45 setae), genu (4—6 setae), and tibia
usually with 11-12 setae (although in some species, tibia and tarsus appear fused and bear 23-24 setae; Joharchi &
Halliday, 2020: 36); palp femur sometimes with an apicodorsal bulge.

FIGURE 49. Female. Myrmozercon Berlese (modified from Joharchi & Moradi, 2013): A, dorsal idiosoma; B, ventral idiosoma;
C, chelicera. Scale bars = 150 um for dorsum and venter, 25 um for chelicera.

Legs significantly shorter than idiosoma in some species, subequal to idiosoma in others. Legs with setae
variously thickened in some species, especially apicodorsal setac on femora (most leg setae apically blunt or slightly
capitate in M. hunteri Joharchi et al.). Leg chaetotaxy highly variable, ranging from one extreme with species
having most leg segments hypotrichous, to another extreme with several segments hypertrichous; sometimes legs
show both hypo- and hypertrichy. Nearly all segments can be affected, including coxa IV (with 0-2 setae) and all
trochanters (each with 4-6 setae); femora I-IV ranging from 8-14 (most often 8 or 14), 8-12, 5-9 and 5-9 setae,
respectively (femora I-II rarely normal); genua with 8-14, 8-11, 811, 7—11 setae (genua I, I[II-1V rarely normal,
and genu IV usually with two ventrals and two p/); and tibiae with 813, 7-11, 7-10, 7-10 setae (tibia III rarely
normal). More exceptional hypertrichy are exhibited by M. iainkayi, whose coxae I-IV have 6-6-6-4 setae, and M.
crinitus, having femur II with 12 setae, genua [-II with 16 and 12 setae and tibiae I and IV with 16 and 11 setae,
respectively. All pretarsi with claws absent or attenuate, pulvilli sometimes hypertrophied.

Despite its highly variable morphology, Myrmozercon can be identified by having many of the distinctive
features of another ant-associated genus, Holostaspis (see note at the end of diagnosis of that genus), as well as
several or all of the following derived attributes absent in Holostaspis: (i) dorsal shield hypotrichous or hypertrichous,
more often truncate posteriorly, (if) sternal shield inversely U-shaped or eroded posteromedially, (iii) short
peritremes, (iv) st4 absent, (v) cheliceral digits generally more reduced, without apical hooks and fixed digit often
reduced, (vi) deutosternum with seven or more rows of denticles, (vii) laciniae smooth, (viii) palp setation reduced,
especially trochanter (often with one seta), which is uncommon elsewhere, (ix) many leg segments hypotrichous or
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hypertrichous, and (x) claws reduced or absent. Myrmozercon sensu stricto was delimited by Joharchi et al. (2015)
and comprises species that share several features, including particularly short and very hypotrichous legs, bearing
the minimal number of setae on most or all segments. Selected references: Shaw & Seeman (2009), Joharchi &
Moradi (2013), Joharchi et al. (2015).

Narceolaelaps Kethley (Fig. 50)

Idiosoma 600—800 um long. Dorsal shield broad anteriorly, tapering posteriorly (almost inversely subtriangular
or pear-shaped), typically leaving extensive area of unsclerotised cuticle exposed posterolaterally; posterior apex
rounded, lateral margins usually irregular; with 22-34 pairs of minute setae, except Z5 usually mid-sized. Other
idiosomal setae usually very short (and often thick) or minute; in one species (N. americanus Kethley), setae along
posteroventral and dorsolateral shield margins are thick, mid-sized. Unsclerotised dorsolateral and opisthogastric
cuticle ranging from slightly hypotrichous to markedly hypertrichous, with 5-45 pairs of setae in addition to Jv-
Zv setae. Laciniae of tritosternum with reduced pilosity. Sternal shield with margins sometimes eroded/irregular;
sometimes distinctly concave posteriorly; shield much longer than wide in one species. Seta s¢4 absent in one species.
Epigynal shield somewhat drop-shaped but with barely any neck and with posterior margin rounded or almost
truncate, broad compared to its length, not overlapping sternal shield; sz5 inserted medially, away from margin. Anal
shield usually large, obovate and terminal (with cribrum visible dorsally); anus usually on posterior half of shield
and para-anal setae inserted considerably anteriad of anus; setae very short, subequal in length. Idiosomal shields
typically with scale-like ornamentation. Peritreme and peritrematic plate extremely reduced. Known males have
separate podonotal and opisthonotal shields, and a sternogenital shield, sometimes eroded posteriorly.

FIGURE 50. Female. Narceolaelaps Kethley (modified from Kethley, 1978): A, dorsal idiosoma; B, ventral idiosoma; C,
chelicera. Scale bars =200 pm for dorsum, 50 pm for chelicera.
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Gnathosoma small. Cheliceral digits small, slender; fixed digit with 1-2 usually weak subapical teeth, sometimes
moderately shorter than movable digit; pilus dentilis minute; movable digit with (2) retrorse teeth, lacking arthrodial
corona. Epistome subtriangular, with margin sparsely denticulate. Deutosternum with rows of 1-2 denticles each;
seta 1 short and relatively thick, #2-3 and pc very short. Palp genu with only 4-5 setae.

Legs II-1V relatively robust, leg I shorter and slender. Most leg setae short, slender, a few setae spur-shaped.
Coxae I-1V each with a ventral, posteriorly-directed and rounded spur. Leg chaetotaxy with many (mostly)
reductions relative to normal: coxa IV with 1-2 setae; trochanter I with four setae; femur I with usually nine setae
(2-2/1, 2/0-2) or sometimes 11 setae (2-3/1, 2/1-2); femur I sometimes with ten setae only (lacking one a/ or one
ad); femur IV with 5-8 setae; genu and tibia [ each with only eight setae (1-2/1, 2/1-1); genu II with ten setae (only
two ad); tibia I with nine setae (only one ad); and tibia IV with nine setae (only two pd). Pretarsi I-1V with enlarged
pulvilli and greatly reduced claws.

Narceolaelaps has many reductive attributes also characteristic of other genera of myriapod associates
(Conolaelaps, Iphiolaelaps, Jacobsonia, some Julolaelaps), such as very short peritremes, reduced hypostomal
setae, reduced dorsal, palp and leg chaetotaxy, and claws. It differs from them and other laclapid genera by its
tapering dorsal shield, epigynal shield compact, almost as wide as sternal shield and somewhat purse-shaped (and
st5 medially inserted), both shields with colliculate ornamentation, large oval anal shield with para-anal setae
inserted anteriad of anus, deutosternum with only 1-2 denticles per row, and slender chelicerae with retrorse teeth.
Selected reference: Kethley (1978).

Neoberlesia Berlese (Fig. 51)

Idiosoma 700 um long. Dorsal shield broadly ovate, covering nearly all idiosoma dorsally; hypertrichous, with more
than 160 short setae, or the equivalent of ca. 80 pairs and several unpaired (jx, Jx) setaec medially. Sternal shield
concave posteriorly. Epigynal shield expanded posteriorly and fused to anal shield, resulting in a hologastric shield,
only moderately expanded laterally and tapering posteriorly; bearing at least five pairs of (Jv-Zv) setae in addition
to st5. Post-anal seta subequal to para-anal setae. Peritreme absent or extremely short and narrow; peritrematal plate
long, seemingly fused anteriorly with dorsal shield (and posteriorly curving behind coxa IV, fused to parapodal
plate, at least based on Berlese, 1892). Unsclerotised cuticle with ca. 20 pairs of setae.

Gnathosoma, including palps, small, partly hidden ventrally under idiosoma. Cheliceral digits small, slender,
edentate, somewhat finger-like; apical hooks weak. Male fixed digit shortened, nearly edentate and movable digit
largely fused to broad and short spermatodactyl. Epistome tongue-shaped, with smooth margin (based on Berlese,
1904).

Leg I much longer than other legs and about twice as long as idiosoma. Legs with short setae; femur IV with a
ventral seta set on a strong spur-like protuberance. Leg chaetotaxy unstudied.

Genus inadequately known. This diagnosis is based on Berlese’s (1892a: 62) original description of Neoberlesia
and its only constituent species, N. equitans Berlese, as well as on complementary (and slightly conflicting)
illustrations of Berlese (1904c: 443). This mite exhibits an exceptional combination of features, notably very long
forelegs, femur IV with setigerous spur-like protuberance, tapered hologastric shield (Ololaelaps and Oloopticus
have broader hologastric shields), highly reduced peritremes, small and edentate chelicerae, and hypertrichous
dorsal shield. Selected references: Berlese (1892a, 1904c).
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FIGURE 51. Female. Neoberlesia Berlese: A, dorsal idiosoma, and B, ventral idiosoma, both modified from Berlese, 1904c;
C, ventral idiosoma, and D, part of leg IV, both modified from Berlese, 1892a. Scale bar = 200 um for dorsum and venter; leg
IV not in scale.
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Neohypoaspis Delfinado et al. (Fig. 52)

Idiosoma broadly 1000-1300 um long. Dorsal shield broadly oval, but covering only a portion of idiosoma, leaving
a wide band of soft cuticle posterolaterally; dorsum of idiosoma highly hypertrichous, including the shield, which
bear more than 400 minute setae, and near anterior margin three or more pairs of stout setae, flattened and truncate
or rounded apically, including at least j1 and z1; unsclerotised dorsolateral cuticle also hypertrichous, bearing 33—40
pairs of similarly stout, flattened setae tightly spaced along lateral and posterior margin of idiosoma, more widely
spaced anterolaterally. Sternal shield strongly bilobed anteriorly, deeply concave posteriorly. Seta s74 on soft cuticle
or appearing to be on endopodal plate. Epigynal shield drop-shaped; a large area of soft cuticle posteriad of epigynal
shield semi-sclerotised and granulate, and distinct from the rest of unsclerotised opisthogastric cuticle (a band of
similar semi-sclerotised, granulate cuticle borders the dorsal shield in an undescribed species). Anal shield broad,
kidney-shaped (heart-shaped in the male); anus small, in anterior half of shield, and post-anal seta moderately
longer than para-anal setae and inserted far behind anus, near cribrum; anal shield sometimes desclerotised posterior
to anus. Metapodal plates enlarged, with a central granulate area. Peritrematal plate narrowly developed around
peritreme and stigma, posteriorly abutting well-developed exopodal-parapodal plate posterolateral to coxa IV. Male
with sternogenitiventral shield, not expanded laterally and moderately separated from anal shield.
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FIGURE 52. Female. Neohypoaspis Delfinado-Baker et al. (modified from Delfinado-Baker et al., 1983): A, dorsal idiosoma;
B, ventral idiosoma; C, chelicera. Scale bar = 200 pm for dorsum and venter; chelicera not in scale.

Cheliceral fixed digit with 68 teeth, most in apical third of digit. Epistome slightly convex, irregular, with a
few small and large, coarse denticles. Deutosternum with 9—-13 rows of 4-16 denticles per row, sometimes wider
anteriorly, hence with more denticles; internal malae well-developed, projecting laterally and branching into 2—3
arms on each side <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>