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Abstract
Summaries of taxonomic knowledge are provided for all acarine groups in Canada, accompanied by refer‑
ences to relevant publications, changes in classification at the family level since 1979, and notes on biology 
relevant to estimating their diversity. Nearly 3000 described species from 269 families are recorded in the 
country, representing a 56% increase from the 1917 species reported by Lindquist et al. (1979). An ad‑
ditional 42 families are known from Canada only from material identified to family‑ or genus‑level. Of the 
total 311 families known in Canada, 69 are newly recorded since 1979, excluding apparent new records 
due solely to classification changes. This substantial progress is most evident in Oribatida and Hydrach‑
nidia, for which many regional checklists and family‑level revisions have been published. Except for recent 
taxonomic leaps in a few other groups, particularly of symbiotic mites (Astigmata: feather mites; Mesostig‑
mata: Rhinonyssidae), knowledge remains limited for most other taxa, for which most species records are 
unpublished and may require verification. Taxonomic revisions are greatly needed for a large majority of 
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families in Canada. Based in part on species recorded in adjacent areas of the USA and on hosts known to 
be present here, we conservatively estimate that nearly 10,000 species of mites occur in Canada, but the 
actual number could be 15,000 or more. This means that at least 70% of Canada’s mite fauna is yet un‑
recorded. Much work also remains to match existing molecular data with species names, as less than 10% 
of the ~7500 Barcode Index Numbers for Canadian mites in the Barcode of Life Database are associated 
with named species. Understudied hosts and terrestrial and aquatic habitats require investigation across 
Canada to uncover new species and to clarify geographic and ecological distributions of known species.

Keywords
Astigmata, biodiversity assessment, Biota of Canada, DNA barcodes, Endeostigmata, Hydrachnidia, 
Mesostigmata, mites, Oribatida, Prostigmata, ticks 

Introduction

With more than 54,000 described and 0.4–1.0 million estimated species worldwide 
(Zhang 2011, Walter and Proctor 2013), mites are among the most diverse groups of 
animals on the planet, and one of the least well known. Approximately 10,000 species 
were estimated to occur in Canada by Lindquist et al. (1979), 80% of which were 
thought to be unrecorded at the time. Correlated with their taxonomic diversity, mites 
are ecologically ubiquitous, with habitats ranging from bear fur and bird feathers to leaf 
domatia, to insect spiracles, and mountain tops to ocean trenches (Lindquist et al. 1979, 
Lumley et al. 2013, Walter and Proctor 2013). While their minute size has been a key 
ingredient in their evolutionary success, it has also been an impediment to taxonomic 
progress. In addition, small size means that mites are often overlooked by researchers 
other than acarologists, obscuring awareness of their impact on agriculture, forestry, 
wildlife, human health, and ecosystem services. Mites recycle nutrients in soil and other 
substrates, and regulate animal, fungal and plant populations as consumers or pathogen 
vectors (Moore et al. 1988, Hoy 2011). While several are pests that threaten agriculture 
by feeding on crops and livestock, others protect it as biocontrol agents of pests and 
weeds (Rosenthal 1996, Gerson et al. 2003). Some mites are also bioindicators of soil 
and freshwater health (Behan‑Pelletier 1999, Beaulieu and Weeks 2007, Proctor 2007).

Herein, we treat Acari as a single group, following Lindquist et al. (1979) and 
other major references (e.g., Krantz and Walter 2009). However, the ‘Acari’ may rep‑
resent two independent lineages of arachnids instead of a single monophyletic clade, 
a hypothesis supported by recent molecular analyses (e.g., Pepato and Klimov 2015), 
and possibly by morphology (Lindquist 1984, Dunlop and Alberti 2007). Based on 
fossil records, the origin of acariform mites dates back at least to the early Devonian 
(411 mya), possibly as detritivore‑scavengers living in the interstices of beach sand or 
soil, after land was colonized by ancestral arachnids (Schaefer et al. 2010, Walter and 
Proctor 2013). Time of origin of the parasitiform lineage is more obscure, and this 
group is represented by fewer, more‑recent fossils (~100 mya; Dunlop and Bernardi 
2014, Peñalver et al. 2017).
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Reliable identification of any given mite to species is difficult because of the general 
lack of identification tools, including species‑level keys, adequate species descriptions and 
illustrations, as well as published checklists. This is in stark contrast with major groups 
of insects and spiders for which there are usually checklists available at the national or 
provincial levels for the entire order as well as many species‑level identification keys. 
The slow progress in mite systematics reflects the dearth of acarological taxonomists in 
Canada and North America, the relatively rare inclusion of mites in biological surveys 
and student projects, and the small number of amateur collectors (Lumley et al. 2013).

While a broad first ‘sweep’ of collecting across Canada was done prior to the year 
2000 (Lumley et al. 2013), sampling points are widely scattered with a few exceptions 
such as Vancouver Island (British Columbia) and Alberta for Oribatida (e.g., Wal‑
ter et al. 2014, Lindo and Clayton 2017). Labrador is virtually unsampled for mites 
(Lindquist et al. 1979) and Saskatchewan is poorly explored (Lumley et al. 2013). 
Similarly, while past collecting efforts were ecologically broad, all habitats including 
plants and animals (both vertebrate and invertebrate) are in need of targeted explora‑
tion for uncovering additional species and clarifying species’ ecological and geographi‑
cal distributions (Lumley et al. 2013).

Since 1979, several regional assessments have been published for Canada, particu‑
larly for soil and freshwater mites of Montane Cordillera (Smith et al. 2011), Mixed‑
wood Plains (Smith et al. 1996), and Atlantic Maritime ecozones (Behan‑Pelletier 
2010, Smith 2010); grasslands of western Canada (Behan‑Pelletier and Kanashiro 
2010); the Arctic (Behan 1978, Danks 1981) and Yukon (Behan‑Pelletier 1997a); 
Sable Island (Majka et al. 2007); Cape Breton Highlands National Park (Behan‑Pel‑
letier et al. 1987); and the Churchill, Manitoba region (Young et al. 2012). More 
restricted ecological surveys have been published for mites in forest canopies of the 
Pacific coast (Fagan et al. 2006, Lindo and Winchester 2006, 2009), in soil and litter 
(e.g., St. John et al. 2002, Déchêne and Buddle 2009, Behan‑Pelletier and Kanashiro 
2010, Sylvain and Buddle 2010, Walter and Latonas 2012, Newton 2013, Meehan 
and Turnbull 2018), peatlands (Behan‑Pelletier and Bissett 1994, Barreto and Lindo 
2018, McAdams et al. 2018), in dung (Lindquist 1998), and on plants (Forest et al. 
1982, Beaulieu and Knee 2014), bumble bees (Haas et al. in press), beetles (Lindquist 
and Wu 1991, Knee et al. 2013), and birds (Galloway et al. 2014, Knee and Galloway 
2017b). For certain families or higher taxa of Acari, these publications represent a key 
source of information for species records in Canada.

Methods

Described species records in Canada were compiled based on a critical assessment 
of the literature as well as unpublished specimen records from collections, primarily 
the Canadian National Collection of Insects, Arachnids and Nematodes (CNC), but 
also from the following: the Royal Alberta Museum (PMAE), JB Wallis/RE Roughley 
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Museum of Entomology at the University of Manitoba, the Zoological Institute in 
St. Petersburg, Russia, H Proctor’s collection (University of Alberta), Z Lindo’s col‑
lection (Western University), the Habeeb Collection (New Brunswick Museum), 
the Ohio State University Acarological (Laboratory) Collection (OSAL; online data‑
base: available from https://acarology.osu.edu/database), the United States National 
Museum (USNM), and the University of Michigan Museum of Zoology (UMMZ). 
Note the difference between the general approach of Lindquist et al. (1979) and our 
approach for assessing the number of known species. Lindquist et al. (1979) provided 
an estimate of the number of species represented by specimens in hand (in addition to 
the rare published records), including the relatively few named species and variously 
identified morphospecies. In contrast, in this treatment ‘known species’ includes only 
named species. This explains some of the apparent decreases in the ‘no. known spp.’ 
between 1979 and current numbers for some families in Tables 2–6; other reductions 
are due to changes in family classifications of genera.

We have excluded mites that survive only on introduced hosts that do not occur nat‑
urally outdoors in Canada, or cannot become naturalized because of intolerance to our 
climate. This excludes numerous host‑specific mites associated with exotic zoo animals, 
the pet trade (e.g., tropical birds and lizards), and with cultures of tropical insects. How‑
ever, we have included mites that are regularly encountered in greenhouses or in stored 
products, even if some may not survive Canadian winters, because these species are more 
tractable and are from temperature‑protected major ‘agricultural environments’.

While estimates of unrecorded and undescribed species for each family are fairly 
subjective, they are often based on concrete information: (1) Canadian specimens 
determined to be new, undescribed species; (2) Canadian specimens not yet deter‑
mined to species, or only tentatively, but that most likely represent a number of addi‑
tional distinct species; (3) published or unpublished collection‑based records (particu‑
larly from OSAL, USNM, UMMZ) of species from northern USA with ranges in 
close proximity to Canada, or from the USA and associated with host species that also 
occur in Canada. We also considered the habitats and hosts that are unexplored for 
particular mite groups and the level of host specificity for symbiotic mites, when avail‑
able. In addition, we adjusted our estimates with the magnitude of faunal records for 
families that are better known in other regions of the world with a similar climate, e.g., 
European countries (Karg 1989, 1993, Biesiadka et al. 1997). Molecular data (BINs: 
Barcode Index Numbers) were used minimally to estimate unrecorded species, except 
when supported by morphological data that suggest delineation of undescribed species.

The information sources presented in Tables 2–6 are not exhaustive but are the most 
useful publications that include new records, species lists or taxonomic revisions. When a 
publication refers to many families of a given superfamily, it is listed for the superfamily. 
Additional relevant sources are presented in the main text. Note that collections, particu‑
larly the CNC, are an information source of unpublished species records for most fami‑
lies presented, but for the sake of simplicity were not indicated as sources in Tables 2–6.

Family, superfamily and higher‑level classification mainly follow Lindquist et al. 
(2009a), as modified by Beaulieu et al. (2011) for Parasitiformes, Zhang et al. (2011) 

https://acarology.osu.edu/database
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for Trombidiformes, Walter et al. (2011) for Endeostigmata, and Schatz et al. (2011) for 
Oribatida. Further modifications were made based on more recent publications which 
are cited in the text or table footnotes. Names of the hyporders of Mesostigmata do not 
follow Beaulieu et al. (2011), but rather more traditional publications (e.g., Epicriina 
instead of Epicriae; see the endnotes in Lindquist et al. (2009a) for sources), similar to 
what Zhang et al. (2011) and Schatz et al. (2011) did for Trombidiformes and Oribatida.

The text below is generally divided into superfamilies except in cases where a broader, 
more inclusive treatment (e.g., Oribatida excluding Astigmata) was deemed more prac‑
tical, for instance, because the ecology of the entire group is relatively homogeneous.

Because current species records are so patchy, determining the range of occupied 
ecozones for a given family is difficult and often required subjective extrapolation of 
the family’s distribution across ecozones. For families of vertebrate symbionts (ticks 
and many Astigmata, Prostigmata, and Mesostigmata), ecozones occupied were often 
in part inferred from the known distribution of the host groups rather than from the 
typically limited collection records for the mites themselves. For those families, the 
host group was indicated in the ecozone column in order to be more informative. Note 
that an association to a vertebrate host can be parasitic, commensal (e.g., putatively 
most cases of phoresy), or even mutualistic. Extrapolation was also done for families 
which are not yet recorded in Canada, by inference from northern USA records and/
or host ranges. Distribution across ecozones indicated in tables should therefore be 
interpreted with caution.

Overview of faunal diversity

There are 2999 named species from 269 families currently recorded in Canada, includ‑
ing at least 1082 new records since 1979, a 56% increase (Table 1). This increase would 
be even more substantial, if there were not a discrepancy in the method of reporting 
‘recorded species’ in 1979 vs the present treatment (see Methods). An additional 42 
families are represented only by material determined to family‑ or genus‑level (these 
families have no known species included in Tables 2–6; see also footnote * under each 
table). Of the total 311 families known in Canada, as many as 69 are newly recorded 
since 1979, 27 of which are based on undetermined material only. These new family 
records exclude apparent new records due solely to classification changes.

Across higher taxa, the number of known species has increased 37–67%, except for 
the hyporder Astigmata, which has increased 211% (Table 1). This major taxonomic 
leap for Astigmata is essentially due to the ongoing collaborative research on feather 
mites, Pterolichoidea and Analgoidea (e.g., Galloway et al. 2014). There is also a major 
increase in recorded species of Oribatida associated with a series of published check‑
lists and taxonomic revisions (e.g., Behan‑Pelletier and Eamer 2009, Behan‑Pelletier 
2013, Walter et al. 2014, Lindo 2018). Among the Trombidiformes, the Hydrachnidia 
(water mites) is the group with most notable growth in knowledge (e.g., Smith 1992a, 
Smith et al. 2015), and recent work on Rhinonyssidae represents the most salient pro‑
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gress for Mesostigmata (Knee and Galloway 2017b). Our knowledge of Canadian ticks 
(Ixodida) benefited from the recent publication of a handbook with diagnoses and keys 
to all established species in Canada (Lindquist et al. 2016).

We estimate that over 6600 species of mites are as yet unrecorded or undescribed 
in Canada (Table 1). This represents ~70% of the total expected fauna. Our total esti‑
mate (known plus unknown species) of 9628 species is close to the ~9500 of Lindquist 
et al. (1979). We consider our estimate to be conservative and that as many as 15,000 
species could be found in the country.

Molecular data for species delineation and diversity assessment

Since Lindquist et al. (1979), many molecular markers (e.g., ITS, COI, 16S, 18S, 
28S) have been used to help elucidate species boundaries in the Acari (Navajas and 
Fenton 2000, Cruickshank 2002, Navajas and Navia 2010, dos Santos and Tixier 
2017, Lehmitz and Decker 2017). In particular, the 658 bp ‘barcode’ region of COI 
(cytochrome c oxidase subunit I) has been promoted as a reliable determinant of spe‑
cies boundaries in animals (Hebert et al. 2003); however, compared to other arthropod 
groups (Virgilio et al. 2010, Wilson et al. 2017), the paucity of barcode data available 
for Acari worldwide is striking (e.g., Navajas and Navia 2010). This also applies to 
Canada, where 70–80% of all named Canadian Lepidoptera, Coleoptera and Ara‑
neae have been barcoded and assigned BINs, with each BIN representing a ‘barcode 
cluster’ for a putative species (Ratnasingham and Hebert 2013, Blagoev et al. 2015, 
Brunke et al. 2019, Pohl et al. 2019), whereas fewer than 10% of named Acari have 
assigned BINs. Nevertheless, 7462 BINs from 189 families have been sequenced for 
Canadian Acari (Tables 1–6; available in BOLD). Interestingly, the BIN richness is 
well above past and present predictions of species richness for many families in Canada 
(see further notes in respective taxonomic sections below; Lindquist et al. 1979). Note 
also that available BINs are based on a limited number of samples, habitats and hosts 
surveyed. For instance, ~900 of these BINs were generated from a single barcode study 
of mites at one location in subarctic Canada (Young et al. 2012).

Because of variation in mutation rates among mite taxa, variable retention of 
ancestral polymorphisms, and past hybridization events, the BIN algorithm may 
overestimate species richness in some groups. High intraspecific divergences in mites 
(7–20%) have been observed in some cases (e.g., Heethoff et al. 2007, Niedbała and 
Dabert 2013, Rosenberger et al. 2013, Zhang and Zhang 2014), possibly reflect‑
ing higher rates of mitochondrial evolution in mites than in most other animal taxa 
(Young and Hebert 2015), or long‑term consequences of reproductive systems such as 
haplodiploidy (Tixier et al. 2017) and thelytoky (Palmer and Norton 1992). On the 
other hand, it is plausible that cases of high BIN richness, at least in part, reflect cryp‑
tic diversity that is not yet resolved morphologically (e.g., Ratnasingham and Hebert 
2013, Ondrejicka et al. 2016). Indeed, species distinguished by only minor morpho‑
logical differences, or cryptic species, are common and sometimes associated with nar‑
rower host ranges than previously thought (Knee et al. 2012a, Miller et al. 2013).
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The barcode region has been useful for delineating species in various groups of 
parasitiform and acariform mites (e.g., Roy et al. 2009, Knee et al. 2012a, Glowska 
et al. 2014, Doña et al. 2015, Ondrejicka et al. 2016, Fisher et al. 2017). In Canada, 
approximately 60–70% of 230 morphologically recognized species of oribatids across 
45 families are currently supported by barcode clusters (M Young and L Lumley 
unpubl. data). The rapidly growing barcode reference library for the Acari of Canada 
is therefore of considerable use. However, the most important and possibly most 
onerous step, the association of DNA sequences with morphological concepts, has to 
be addressed for most taxa in order to test the effectiveness of barcode‑based species 
identifications. To strengthen analyses, a multigene approach should be favoured in 
the future, especially given the fast development of next‑generation sequencing tech‑
nology (Marcus 2018). With such increasing ease in obtaining sequences, it is more 
critical now than ever to build morphologically verified voucher libraries that will 
enable sequencing results to be taxonomically and ecologically meaningful.

Adventive species

Like almost all biota of this previously largely ice‑covered country, the acarofauna of 
Canada has been recovering from glaciation since ice sheets began retreating ~14,000 
years ago (Menounos et al. 2017). Consequently, determining which species have been 
introduced through recent human activity is often impossible, complicated by a lack 
of geographic, taxonomic, phylogenetic or host data (Langor et al. 2009, Beaulieu and 
Knee 2014). Even cases of mites specific to animal or plant hosts that have been intro‑
duced may present difficulties, because of uncertainties in the mite species boundaries, 
the actual host range, or biogeographical history of the host (Mironov et al. 2005, 
Navajas et al. 2010, Miller et al. 2013). Undoubtedly, many mite species have been 
inadvertently introduced to Canada with soil or water ballasts emptied near ports; 
with vertebrate hosts introduced intentionally as livestock, as pets or for hunting, or 
accidentally with imported goods, e.g., rodents (Navajas et al. 2010); and with inverte‑
brate hosts on which they are parasitic or phoretic, such as fly pests, wood‑boring bee‑
tles, or dung beetles introduced to accelerate decomposition of cattle dung (Humble 
and Allen 2006, Floate 2011). Widespread agricultural pests, such as the two‑spotted 
spider mite, and many of the cosmopolitan mites breeding in stored grains, insect or 
fungal cultures, or bee hives (e.g., Varroa, Acarapis spp.), clearly originate from out‑
side Canada (Langor et al. 2009, Beaulieu and Knee 2014). A few species have been 
intentionally introduced for biocontrol of agricultural pests or weeds (McClay and 
De Clerck‑Floate 2013). In Europe, 96 species of mites have so far been identified as 
adventive, most of which are associated with agricultural commodities (Navajas et al. 
2010). Given international plant trade, and the small size, cryptic habits and dispersal 
potential (e.g., phoresy, wind) of mites (Navajas et al. 2010, Beaulieu and Knee 2014, 
NAPPO 2014), we can expect a considerable number of non‑native mites to be pre‑
sent already in Canada, and that their numbers will increase.
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Superorder Parasitiformes

Parasitiform mites represent one of the two currently recognized and apparently phylo‑
genetically distant acarine lineages. Only two of the four orders are present in Canada, 
the Ixodida (ticks) and Mesostigmata. The majority of Parasitiformes feed on fluids 
taken from their prey or hosts, depending on whether they are predators or parasites—
the two dominant lifestyles of parasitiforms. A few taxa (e.g., some ameroseiids, ascids, 
melicharids, phytoseiids, uropodines) feed on pollen, nectar or fungal tissues, includ‑
ing some that ingest particulate matter, and some insect symbionts (‘paraphages’) may 
feed on secretions of their hosts.

Order Ixodida

Ticks, the most infamous mites of all, are obligate blood‑feeding ectoparasites of terres‑
trial vertebrates, primarily birds and mammals, but also reptiles and amphibians. Ticks 
are major threats to wildlife and public health, as they can harm their hosts through 
exsanguination, paralysis, and transmission of pathogens, including the causative agent 
of Lyme disease, Borrelia burgdorferi (Nicholson et al. 2009, Lindquist et al. 2016). 
The recent handbook to the ticks of Canada by Lindquist et al. (2016) represents 
a much‑needed update from Gregson (1956) and includes identification keys to all 
instars as well as information on the species’ life histories, distributions, hosts, and 
pathogens transmitted.

The known diversity of Ixodidae, or hard ticks, in Canada has increased from 26 in 
Lindquist et al. (1979) to 41 species (Table 2). However, from this number, approxi‑
mately 10 Amblyomma and five Ixodes species represent extralimital records. These spe‑
cies have been reported primarily from migratory birds and, therefore, it is unlikely 
they have established year‑round populations in Canada (Scott and Durden 2015a, b, 
Lindquist et al. 2016). In the past 20 years, the blacklegged tick, Ixodes scapularis Say, 
a major vector of the agent of Lyme disease, has significantly expanded its range north‑
ward from the USA and has become established from Manitoba to Atlantic Canada 
(Leighton et al. 2012).

Argasidae, soft ticks, are generally nocturnal and more rapid feeders than 
ixodids, and mainly parasitize bats and birds. The number of known species in 
Canada has not changed since Lindquist et al. (1979), remaining at seven. How‑
ever, over half of known argasid species are represented by only one or two records, 
suggesting that this apparently poor diversity may be in part a result of the lack of 
study in the country (Lindquist et al. 2016). The absence of BINs generated for 
Argasidae in Canada supports this hypothesis (Table 2). In contrast, a majority 
of Ixodidae has been studied molecularly, with at least 26 of the 34 BINs gener‑
ated assigned to named species (Ondrejicka et al. 2016). It is expected that a few 
additional species of ticks in both families will eventually be found or recognized 
in Canada (Table 2).
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Order Mesostigmata

This order of mites includes the most diverse group of predatory arthropods in soils and 
other detrital habitats (e.g., rotting wood, dung, carcasses, nests), a large component of 
plant‑dwelling predators (mostly Phytoseiidae), as well as various lineages of vertebrate 
parasites (within Dermanyssoidea) and arthropod symbionts including numerous 
species that disperse phoretically on their hosts. Mesostigmata (= Gamasida) represents 
the bulk of the Parasitiformes, with 650 species in 46 families currently recorded in 
Canada, compared to 473 species in 1979, with many more unrecorded (Table 2). An 
additional eight families are represented in Canada by undetermined species. Taxonomic 
knowledge has strikingly improved for the bird‑parasitic family Rhinonyssidae (Knee 
and Galloway 2017b) and significantly for Phytoseiidae (Denmark and Evans 2011), 
Trematuridae, Digamasellidae, Macrochelidae, and Laelapidae, although records for 
the latter five families are largely based on unpublished CNC specimen data. We 
anticipate an overall diversity of more than 1600 species of Mesostigmata, of which at 
least 60% are to be identified.

Molecular work generated 1409 BINs from 36 families of Mesostigmata (Tables 1, 2), 
most of which are not assigned to named species. These data indicate high genetic diversity 
that contrasts with our morphology‑based assessments for the families Parasitidae (123 
BINs), Digamasellidae (181), Ascidae (131), Blattisociidae (85), Phytoseiidae (320), and 
Laelapidae (155). For instance, the number of BINs for Phytoseiidae is almost twice the 
total number of known and unrecorded (estimated) species.

Suborder Sejida

Sejida is a relatively species‑poor but biologically heterogeneous lineage of mites associ‑
ated with dead wood and litter, mostly as predators (Sejidae, Uropodellidae) or millipede 
symbionts (Heterozerconoidea) (Walter and Proctor 1998, Lekveishvili and Klompen 
2004). Of the two families in Canada, Sejidae has three identified species, and Uro‑
podellidae is known only from one undetermined species (Table 2). A few additional 
species of Sejidae are expected from Canada. One species of Asternolaelaps (Ichthyo‑
stomatogasteridae) known from Michigan is expected to occur at least in neighbouring 
parts of Canada. Similarly, Heterozerconidae may occur here, based on one species 
recorded from the millipede Narceus annulatus Rafinesque in central Ohio (Gerdeman 
and Klompen 2003); this millipede occurs in southern Canada (Shelley et al. 2006).

Suborder Trigynaspida

Trigynaspids are early‑derivative Mesostigmata that are mostly restricted to subtropi‑
cal‑tropical regions (Kim 2004, Lindquist et al. 2009b). They are typically arthropod 
associates, and the few species whose distribution extends into southern Canada are 
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putatively commensals of scolytine, scarab, carabid, tenebrionid, and passalid beetles, 
as well as ants. They feed as paraphages, cleptoparasites, or as predators of small inverte‑
brates in their beetle host’s tunnels (Kinn 1971, Kim 2004, Seeman 2007). While only 
a few additional species are anticipated to be found in southern Canada, their biology 
and distribution remain largely unknown. Within the infraorder Antennophorina, six 
families are currently recorded in Canada, though Paramegistidae is represented by an 
undetermined specimen (Table 2). The infraorder Cercomegistina is only known from 
one undetermined species of Cercomegistidae.

Suborder Monogynaspida: Infraorder Uropodina

Monogynaspida is the largest suborder and contains two infraorders, Uropodina and 
Gamasina, both of which are well‑represented in Canada. Uropodines represent a het‑
erogeneous lineage of mites, with four superfamilies in the present treatment. Follow‑
ing evidence from molecular analysis (Klompen et al. 2007), Diarthrophalloidea and 
Microgynioidea are here included in Uropodina.

Superfamilies Microgynioidea, Thinozerconoidea, Diarthrophalloidea

Microgyniidae is a small Holarctic family of mites, with a few representatives in Can‑
ada associated with forest litter and dead wood. The superfamily Thinozerconoidea 
is represented by one species in Canada, Protodinychus ainscoughi (Hutu and Calugar 
2002), collected from beaver lodges and from beetles in the lodges. Diarthrophallidae, 
intimately associated with passalid beetles (Schuster and Summers 1978), though with 
poorly understood relationships, is also represented by one species, Diarthrophallus 
quercus (Pearse and Wharton), associated with the only passalid present in Canada, 
Odontotaenius disjunctus (Illiger).

Superfamily Uropodoidea

Members of this group have strong dorsal and ventral shields with excavations into 
which the legs and gnathosoma can be withdrawn, giving them the common name 
‘tortoise mites’. Their classification is unstable, with poorly resolved generic and family 
concepts, although important steps to address this confusion have been taken recently 
(Halliday 2015, 2016). Some of the families presented here (Table 2) may therefore be 
synonymized in the future. While uropodoid mites thrive in many soil habitats of the 
southern hemisphere (Beaulieu 2012), in temperate regions, including in Canada, the 
core of their diversity resides in patchy, transient habitats such as ant hills, dead wood, 
stored products, compost, carrion, and vertebrate nests. Deutonymphs of these species 
are phoretic on insects or vertebrates and can be readily collected from these animals. 
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Although poorly known, feeding habits range from predation to omnivory, including 
fungi or other microbes in their diet (Lindquist et al. 2009b). Most of what we know 
of uropodoids in Canada involves those associated with beetles and ants. Further sam‑
pling of litter and particularly insects as carriers is expected to quadruple the number 
of species in Canada from 64 named species to an estimated total of 258 (Table 2).

Suborder Monogynaspida: Infraorder Gamasina

Among Mesostigmata, the infraorder Gamasina comprises the great majority of species 
in temperate to polar regions of the world, including Canada. It represents a monophy‑
letic group, although the boundaries of some families and their relationships are still 
unclear (Klompen et al. 2007, Lindquist et al. 2009b, Dowling and OConnor 2010a).

Superfamilies Epicrioidea, Zerconoidea, Arctacaroidea

One family of each of these superfamilies is recorded in Canada. At least eight new species 
of Zerconidae have been described from Canada since Halašková’s (1977) revision of the 
family in the Nearctic region, and many more are to be discovered and described (Table 
2; Z Ujvari pers. comm.). Two species of Arctacaridae and five of Epicriidae are known 
from Canada, and a few additional species of each family are anticipated in Canada, 
especially in the alpine and northern regions for Arctacaridae. It was recently discovered 
that epicriids are predators that use their elongate forelegs to ensnare collembolan prey 
(Alberti 2010). At least some zerconid mites show preferences for nematodes (Walter 
1988a). The feeding habits of arctacarids are unknown, although predation is suspected, 
given their strong, serrate chelicerae. Coprozerconidae, currently known only from one 
species found in Neotoma woodrat nests in Kentucky (Moraza and Lindquist 1998), may 
also occur in Canada (Table 2).

Superfamilies Parasitoidea, Veigaioidea

While there is some work done on the diverse fauna of Parasitidae in North America 
and nearby Greenland (Hennessey and Farrier 1988, 1989, Makarova 2015), and many 
specimens are identified to species in Canadian collections, the bulk of the taxonomic 
work remains to be done. This applies as much to the free‑living soil predators (mem‑
bers of the subfamily Pergamasinae) as to those that live in patchy nutrient‑rich habitats 
(e.g., animal nests, carcasses, dung) and disperse phoretically as deutonymphs on insects 
(Parasitinae). Since 1979, only a few additional records have been published (Popraw‑
ski and Yule 1992, Walter and Latonas 2012). Currently 51 species are known from 
Canada and almost twice as many await discovery (Table 2; I Juvara‑Bals pers. comm.).

Like many parasitids, veigaiids are fast‑moving, aggressive soil‑dwelling preda‑
tors, thriving especially in temperate forests, but also as far north as the Arctic tundra 
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(Danks 1981, Hurlbutt 1984, Lindquist et al. 2009b). There are nine species known 
from Canada and at least another 15 expected.

Superfamily Rhodacaroidea

The increase of known Digamasellidae in Canada from 20 in 1979 to the current total 
of 39 species (Table 2) is due more to ecological surveys than to taxonomic revisions. 
Examination of insects, especially beetles, for phoretic deutonymphs should reveal an 
even richer digamasellid fauna, including undescribed species (e.g., Knee et al. 2012c, 
2013). Two new species of Ologamasidae were recently described from small mam‑
mals (e.g., moles, voles, shrews) in western Canada (Hagele et al. 2005), on which 
they probably simply disperse, as deutonymphs, to get to and develop in the host’s 
nest. Other ologamasids are typically free‑living predators in forest or grassland soils, 
although some are phoretic on carabid beetles, and others inhabit littoral sands (CNC, 
Haq 1965). Rhodacaridae, adapted for moving through interstitial spaces of deeper 
soils, have not been studied in Canada. As well, there is likely an undocumented diver‑
sity of Halolaelapidae from litter, dung, carcasses, tidal debris, and the arthropods on 
which they disperse (Krantz 2016).

Superfamily Eviphidoidea

Except for a few scattered records in the literature (Table 2), this group has been largely 
unstudied in Canada. Based on studies elsewhere (e.g., Krantz and Whitaker 1988, 
Masan and Halliday 2010), soil‑litter habitats, as well as animal dung and nests, car‑
rion, beach wrack, and coprophilous and necrophagous insects on which eviphidids 
and macrochelids tend to disperse phoretically, should yield a considerable species 
diversity in Canadian landscapes. There are 38 species known from four families, and 
85 additional species are expected in the country (Table 2).

Superfamily Ascoidea

At the time of Lindquist et al. (1979), this superfamily included species now spread across 
two superfamilies, Ascoidea and Phytoseioidea (Lindquist et al. 2009b, Beaulieu et al. 2011). 
Ascoidea is now represented by three families in Canada. Ascidae are mostly predators, 
with 40 species known from Canada and perhaps as many more expected (Table 2). New 
records include several Arctic species in the aptly‑named genus Arctoseius (e.g., Lindquist 
and Makarova 2011) as well as new species phoretic on carabids. Other species are antici‑
pated, from genera (Anystipalpus, Maxinia) recorded from Eurasia with similar habitats or 
hosts occurring in Canada (Lindquist and Moraza 2009, Lindquist and Makarova 2012).

Species of Ameroseiidae in Canada are known from bracket fungi, animal nests, 
compost, stored grain and litter, where they apparently feed on fungi. Since Lindquist 
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et al. (1979), moderate increases in species numbers have been recorded. There are five 
species recorded and at least 20 more expected (Table 2). So far, genera of flower‑asso‑
ciated ameroseiids known from Europe (Karg 1993) and subtropical‑tropical regions 
have not been found in Canada.

Among Melicharidae recorded from Canada, Proctolaelaps dominates in species 
richness and diversity of habits, some having diverged from predation and adapted 
to feeding on fungi and pollen in associations with beetles and bumble bees. Some 
recently described Proctolaelaps from Canada were collected from rodents (Karg 
2005; Table 2). Other melicharid species recorded since Lindquist et al. (1979) 
include symbionts of Monochamus beetles, and a fungivore living in the pore tubes 
of bracket fungi (Table 2). One or two species of Rhinoseius or Tropicoseius, which 
feed on nectar and disperse on hummingbirds (Naskrecki and Colwell 1998), may 
be present in Canada.

Superfamily Phytoseioidea

The ecologically diverse family Blattisociidae includes predators, fungivores, and insect 
symbionts (Lindquist 1963, Makarova 2004, Lindquist et al. 2009b). Many species of 
the subfamily Platyseiinae are adapted to subaquatic habitats, including two Platyseius 
species recently described from the west and east coasts of Canada (Lindquist 2003). 
Blattisociinae are parasitic on arthropods, such as Blattisocius patagiorum Treat, which 
infests noctuoid moths (Treat 1975). Blattisociids need revision in North America, 
with 32 species recorded and at least 25 more expected in Canada (Table 2).

Otopheidomenidae are obligate parasites of insects. No species are known from 
Canada; the species recorded by Lindquist et al. (1979) appears to belong to another 
family, probably Laelapidae. We anticipate a few species in southern Canada, includ‑
ing one recorded in northeastern USA that lives in the tympanic cavities of noctuoid 
moths (Treat 1975), and possibly others that parasitize various lygaeid, pyrrhocorid 
and nabid bugs (Krantz and Khot 1962; Table 2).

Among species‑rich families of Mesostigmata worldwide, Phytoseiidae is probably 
the best known, and this applies to Canada too. This is largely because of their known 
and potential roles as biocontrol agents of agricultural pests (Gerson et al. 2003). The 
known diversity of phytoseiids in Canada has significantly increased since 1979 to 110 
species (Table 2), thanks to taxonomic revisions (e.g., Chant and Yoshida‑Shaul 1984, 
Denmark and Evans 2011) and newly identified specimens in the CNC, which now 
includes Don Chant’s collection. Despite this fundamental work, distribution and host 
records of phytoseiids in North America are scattered. We predict another 75 species 
may be recorded in Canada in the future.

Lindquist et al. (1979) anticipated that a species of Podocinidae may occur in southern 
Canada, and this was confirmed by a record from Rondeau Provincial Park (Lindquist 
and Wu 1987). The same species is expected to occur in south coastal British Columbia.
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Superfamily Dermanyssoidea

This taxonomically and ecologically diverse group of parasitic and predatory mites 
includes 11 families and 166 recorded species in Canada (Table 2). The large major‑
ity of families consist of strictly blood‑feeding parasites found on the skin and in the 
respiratory tracts of birds, mammals, and reptiles (Radovsky 1994, Lindquist et al. 
2009b, Dowling and OConnor 2010b). Some are of medical and veterinary impor‑
tance. Since 1979, there has been moderate increase in the number of species recorded 
from bats (Macronyssidae, Whitaker et al. 2007; and Spinturnicidae), birds (Derman‑
yssidae; Knee 2008), and small mammals (Haemogamasidae), most of which are not 
published. Most notably, the records for Rhinonyssidae, which inhabit birds’ respira‑
tory tracts, have leaped from three to 61 species in Canada (Table 2), thanks to recent 
research. One species of Entonyssidae, Entophionyssus hamertoni (Radford), is known 
from the respiratory passage of the common garter snake in western Canada (Fain 
1961); this record was apparently missed by Lindquist et al. (1979).

Laelapidae includes facultative and obligate ectoparasites of mammals (Laelapi‑
nae, Hirstionyssinae), species of which are commonly found in their nests. However, 
the most diverse genera of laelapids are soil‑dwelling predators (most Hypoaspidi‑
nae) and symbionts of arthropods, particularly ants (other Hypoaspidinae). Species 
records of Laelapidae in Canada are largely unpublished, and possibly 60 additional 
species remain to be identified or described in the country (Table 2). A few studies of 
parasites of rodents and other mammals, of bumble bee associates, and soil surveys 
have increased records of laelapids in Canada (Jones and Thomas 1982, Whitaker and 
French 1982, Haas et al. in press). At least three species are sold as biocontrol agents 
of greenhouse pests, one of which was discovered in Canada (Beaulieu 2009). The 
large proportion of species identified with uncertainty in Canadian soil surveys (e.g., 
St. John et al. 2002) is indicative of the need for taxonomic revisions for Laelapidae, 
especially the free‑living Hypoaspidinae.

Although several species of Iphiopsididae are expected to occur in Canada, the 
only one recorded is an unidentified species of Narceolaelaps collected from millipedes. 
Varroidae is another new family record for Canada since Lindquist et al. (1979). The 
highly invasive pest of western honey bees, Varroa destructor Anderson and Trueman, 
was recorded in the USA in 1987 and has spread across Canada as of 1989 (Sanford 
2001, Rosenkranz et al. 2010).

Superorder Acariformes: Order Trombidiformes

The superorder Acariformes comprises two lineages, the Trombidiformes and the Sarcop‑
tiformes, which together are far more diverse taxonomically and ecologically than Parasiti‑
formes or any other lineage of arachnids. Like most other arachnids, the vast majority of 
Trombidiformes feed on fluids (with the possible exception of some Sphaerolichida), but 
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they do so in almost every conceivable way, from predation to mycophagy to plant and 
animal parasitism. The Trombidiformes consists mostly of the Prostigmata, but includes 
also Sphaerolichida, which comprises two small families with ambiguous relationships.

Suborder Sphaerolichida

Sphaerolichidae and Lordalycidae were previously included in the Endeostigmata, in 
part based on superficial resemblance, but were later transferred to Trombidiformes 
(OConnor 1984), as they share derived characters with Prostigmata. Molecular work 
supports this relationship (Pepato and Klimov 2015), and at least Lordalycidae may 
belong within the traditional Prostigmata (Klimov et al. 2018). These small, globular 
mites are common in soil, litter and moss worldwide but are rarely studied. The pres‑
ence of fungal materials in the guts of some of these animals suggests that they are 
fungivorous (Theron 1979, Walter 1988b). However, it has also been theorized that 
members of Sphaerolichus are ambush predators (Walter et al. 2009). Lordalycids have 
been collected across Canada, but have not been identified (Table 3). Sphaerolichids, 
in contrast, are known from just two undetermined specimens from Quebec. A couple 
more species may be expected for each family.

Suborder Prostigmata

Prostigmatans display an exceptional diversity of lifestyles and ecological niches, 
and include herbivores (e.g., Tetranychoidea); fungivores (e.g., many Tydeoidea, 
Heterostigmata); an array of (proven and putative) predators in soils, on plants, and in fresh 
and marine waters; arthropod symbionts; diverse lineages of invertebrate (Parasitengona, 
some Heterostigmata) and vertebrate parasites (e.g., Cheyletoidea, Myobiidae). Based 
on species records alone, taxonomic knowledge has most notably improved since 1979 
for Rhagidiidae, Tydeoidea, Hygrobatoidea, Cheyletoidea, Myobiidae, Stigmaeidae, 
Tetranychidae, and Tarsonemidae. There are currently 1100 species of Prostigmata 
recorded in Canada (increased from 800 in 1979), belonging to 86 families (Table 3). 
This excludes the Eriophyoidea, which, based on recent data (see Bolton et al. 2017, 
Klimov et al. 2018), appears to belong to Sarcoptiformes. An additional 12 families of 
Prostigmata are represented in Canada, although by as yet undetermined species, and 10 
other families are anticipated. A total of 13 families represent new records since 1979, 
four of which are based on undetermined material only.

Molecular work yielding barcodes has produced 3261 BINs for 62 families of 
Trombidiformes (Tables 1, 3). For many families, the number of BINs is well above 
predictions of total species richness based on morphology, particularly Bdellidae (169 
BINs), Cunaxidae (96), Eupodidae (520), Rhagidiidae (165), Tydeidae (217), Anysti‑
dae (61), Erythraeidae (313), Trombidioidea (122), and Pygmephoridae (112). We 
estimate a total diversity of over 3200 species of Prostigmata in Canada, about two 
thirds of which are yet undocumented.
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Infraorder Labidostommatina

The one family in this group, Labidostommatidae, is a distinct, early‑derivative assem‑
blage of heavily armoured, predatory mites (Walter et al. 2009). The most recent com‑
prehensive work on labidostommatids is by Bertrand (1990), but no specimens from 
Canada are mentioned. Based on Canadian records alone, this family appears to be 
restricted to the west, with specimens from coastal British Columbia, Yukon, and the 
Northwest Territories; however, as Lindquist et al. (1979) noted, species occurring in 
the northeastern USA may extend into southern Ontario. One species is presently 
known from Canada and as many as three more may occur.

Infraorder Eupodina

Superfamily Bdelloidea

This superfamily includes two families, Cunaxidae and Bdellidae, known as the 'snout 
mites' due to their elongate gnathosomas. The group is of uncertain monophyly (Pep‑
ato and Klimov 2015, Klimov et al. 2018, E Lindquist pers. obs.). Cunaxids and bdel‑
lids are predators in soil and litter, but also on plant surfaces (Walter et al. 2009). In 
their recent catalogue, Hernandes et al. (2016) list only seven species of Bdellidae from 
Canada. In contrast, Lindquist et al. (1979) included 15 species, and we include 20 
recorded species with an additional 25 species expected (Table 3). Similarly, Cunaxidae 
are represented in Canada by at least 16 described species, with as many as 40 unde‑
scribed and/or unrecorded species expected, which is a steep increase since 1979 (M 
Schwarzfeld and V Nowell unpubl. data; Table 3).

Superfamily Eupodoidea

Eupodoid mites live in a range of habitats, including extreme arctic, alpine, coastal and 
cave environments. Their diet is poorly known but varies from small invertebrate prey 
(Rhagiididae, perhaps some Eupodidae) to plant tissues (Penthaleidae) and fungi, algae 
or lichens (suspected in some Penthalodidae and Eupodidae) (Walter et al. 2009). The 
five known families in Canada include 68 recorded species, which account for roughly 
half of the expected diversity (Table 3). Within this lineage, Eupodidae and Rhagidiidae 
are the most species‑rich families and are in great need of taxonomic work, as indicated 
by the number of undescribed species at hand in the CNC and the surprisingly high 
number of BINs for each. Rhagidiidae was the focus of revisions by Zacharda (Table 3), 
which included the description of 16 new species from Canada, but clearly much work 
remains to document this family fully. The putatively predatory family Strandtmanniidae 
was described by Zacharda (1979); it has been recorded from Alberta (Newton 2013) 
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and New Brunswick, although not identified to named species. While little has changed 
since 1979 for the depauperate families Penthaleidae and Penthalodidae, the relatively 
high number of BINs for each suggests additional species remain to be identified.

Superfamily Tydeoidea

Tydeoids are small, soft‑bodied mites, ecologically diverse, and currently divided into 
four families (Walter et al. 2009, Zhang et al. 2011), all of which occur in Canada 
(Table 3). Most appear to be free‑living scavengers, predators and omnivores and are 
common on plant substrates, in soil, moss and lichens. At least 10 species of Iolinidae 
and Tydeidae have been recorded from stored grains in Canada, including six described 
as new (Momen 1990, Momen and Sinha 1991). In contrast to the three other fami‑
lies, Ereynetidae also includes vertebrate parasites, six species (subfamily Speleognathi‑
nae) of which are recorded as intranasal parasites of birds in Canada (Knee et al. 2008, 
Knee and Galloway 2017b), and at least another recorded species belongs to a genus 
(Ereynetinae: Riccardoella) of which members are typically blood‑feeding parasites of 
snails and slugs (Table 3). Other newly recorded tydeoids are associated with insects 
in Canada, including some ereynetids that live beneath tree bark and are phoretic on 
bark beetles. Also, two genera of iolinids collected from the tympanum of noctuoids 
in Massachussetts (Treat 1975) probably occur here. In addition to the 53 species of 
tydeoids known in Canada, we predict that ~100 species will be recorded in the future 
(Table 3).

Infraorder Anystina: Hyporder Anystae

This lineage includes seven families in Canada, five of which are represented by 
named species (Table 3). Most taxa are considered predatory and inhabit dry, often 
exposed, habitats (Walter et al. 2009). Pomerantziidae is newly recorded for Canada 
(unpublished CNC records), with at least two species collected from deep soils. 
Anystidae, or whirligig mites, is represented by one commonly collected species, 
Anystis baccarum (L.), thought to be an important biocontrol agent (Gerson et al. 
2003). However, molecular data (BINs) suggest that additional anystid species may 
occur here (Table 3). Erythracaridae, previously treated as a subfamily of Anystidae, 
was recently elevated to family status (Pepato and Klimov 2015) and is known from 
Canada based on undetermined material. Known species richness of the families 
Adamystidae, Pseudocheylidae, Paratydeidae and Caeculidae in Canada has not 
changed significantly since Lindquist et al. (1979), although one new species of cae‑
culid is being described from Alberta (J Bernard and L Lumley unpubl. data). One 
additional family, Teneriffiidae, will likely be found on the west coast, as it occurs 
nearby in the northwestern USA.
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Infraorder Anystina: Unplaced superfamily

Superfamily Halacaroidea

The single family Halacaridae may be more closely related to Parasitengona than to 
Eupodina (Pepato and Klimov 2015). The majority of Halacaridae known worldwide 
are from marine littoral or deeper ocean waters (Bartsch 2009); however, half of the 10 
recorded species in Canada are from fresh waters, including lakes, rivers and ground‑
water. It appears the taxonomy of marine taxa is even more poorly known than for 
freshwater species in Canada, the latter of which were reviewed by Bartsch (2011) for 
North America. While most halacarids are free‑living in sediments or among vegeta‑
tion as predators or algivores, some are putative parasites as they have been found on 
or within larger invertebrates, e.g., gastropods, crayfish, and hydrozoans (Walter et al. 
2009, Walter and Proctor 2013). As many as 100 additional species are anticipated to 
be found in freshwater, littoral and marine environments of Canada (Table 3).

Infraorder Anystina: Hyporder Parasitengona

Mites of this hyporder have larvae that contrast morphologically and ecologically with the 
adults. The larvae of most groups are ectoparasitic whereas the deutonymphs and adults 
are predatory. Parasitengona include many of the largest mites in Canada (2–3 mm) and 
are often conspicuously coloured, either actively walking on litter, plants or walls (ter‑
restrial parasitengones, including velvet mites), or swimming in freshwater (water mites). 
Some trombidiids (Allothrombium) are biocontrol agents of orchard pests (Zhang 1992).

Terrestrial forms (parvorders Erythraeina and Trombidiina)

The adults and deutonymphs of terrestrial Parasitengona mainly inhabit litter, soil 
and moss throughout Canada where they feed on other arthropods, but a few feed 
on pollen (Erythraeidae: Balaustium; Yoder et al. 2012). Others (e.g., Calyptostoma‑
tidae, Johnstonianidae) favour wet habitats near freshwater where hosts (subaquatic 
Nematocera) occur. Larvae of most families parasitize a wide variety of arthropods 
whereas those of Trombiculidae and Leeuwenhoekiidae parasitize diverse vertebrate 
hosts, including humans, and are commonly known as ‘chiggers’.

Families of Erythraeina and Trombidiina have few species known from Canada 
except Trombiculidae, which represent the only notable increase in recorded species 
since 1979 (Table 3). Walters et al. (2011) surveyed the literature and provided a sum‑
mary of known hosts and distributions of chiggers in North America, which includes a 
few new records from small rodents (Gyorkos and Hilton 1982, Whitaker and French 
1982). Based on many undetermined CNC specimens, as well as the numerous records 
from neighbouring parts of the USA (Walters et al. 2011, Mąkol and Wohltmann 
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2012), nearly 200 additional species of terrestrial Parasitengona are anticipated for 
Canada, over half of which are likely to be erythraeids (50 species) and trombiculids 
(70 species). Since 1979, Tanaupodidae and Amphotrombiidae have been recorded 
from Canada based on unidentified material from the east coast, and Neotrombidii‑
dae, Trombellidae and Walchiidae are anticipated to be found in Canada (Table 3).

Aquatic forms (parvorders Hydrachnidia and Stygothrombiina)

Numerous species in 36 families (Table 3) representing all seven superfamilies of 
Hydrachnidia, or true water mites, occur in Canada, along with a few species of the 
enigmatic interstitial family Stygothrombiidae, which is currently classified in a sepa‑
rate monobasic taxon (Walter et al. 2009) and based on molecular data, falls outside 
of the Hydrachnidia proper (Dabert et al. 2016). Adults and deutonymphs of water 
mites are active predators of a wide variety of invertebrates in all types of freshwater 
habitats throughout Canada. Larval water mites are typically parasites of adult aquatic 
insects but in some cases also utilize immature insects as hosts. Hosts include a vari‑
ety of insects, especially Diptera, aquatic and semi‑aquatic Hemiptera, Odonata and 
Coleoptera. Stygothrombiidae parasitize Plecoptera.

Knowledge of the identities and distribution of water mite species in Canada has 
improved substantially since 1979 although much remains to be discovered and pub‑
lished. Comprehensive keys to Nearctic genera have been published (Smith and Cook 
1991, Smith et al. 2001, 2010, 2016) and recent improvements in the classification, 
biology and ecology are summarized in Walter et al. (2009), Smith et al. (2015), and 
Proctor et al. (2015). Since 1979, several additional families of water mites have been 
reported from Canada, including Rhynchohydracaridae from streams (Smith 2010, 
Smith et al. 2011), Thermacaridae from hot springs in the northern Rocky Mountains 
(Heron and Sheffield 2016), Frontipodopsidae and Lethaxonidae from interstitial 
waters in western Canada (Cook et al. 2000, Smith et al. 2011), and the first Nearctic 
record of Rutripalpidae from springs in Nova Scotia (Smith 1991a, 2010). Research is 
underway on the lebertioid family Torrenticolidae, the hygrobatoid families Feltriidae, 
Pionidae and Aturidae, as well as the arrenuroid families Mideopsidae, Krendowskii‑
dae, Neoacaridae (Volsellacarus) and the extremely diverse genus Arrenurus (Arrenu‑
ridae). Whereas 568 named species are known to be present in Canada, nearly 700 
additional species are expected to be documented in the future (Table 3).

Infraorder Eleutherengona: Hyporder Raphignathina

Superfamily Cheyletoidea

All five families of Cheyletoidea include ectoparasites associated with the skin of their 
hosts. However, Cheyletidae includes many species that are free‑living predators in 
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stored grains, nests, tree bark, bracket fungi, litter, and on insects, especially beetles, 
e.g., bark beetles, tenebrionids (CNC records; Walter et al. 2009). Other cheyletids 
are skin parasites of domesticated mammals (e.g., Cheyletiella) and of birds, including 
two new species described from Manitoba (Bochkov and Galloway 2001). Cheyletidae 
currently comprises 35 known species in Canada, a ~50% increase since 1979, and 
another 40 species are expected (Table 3).

Canadian records of Demodecidae (four species) are scarce, and include records 
from hair follicles and sebaceous glands in humans, and from cattle and mule deer 
(Kennedy and Kralka 1986; Table 3). Certainly many more species occur across the 
country on mammalian hosts, sometimes causing skin diseases such as demodectic 
mange and alopecia (Gentes et al. 2007, Walter et al. 2009). The family Psorergatidae, 
sometimes called itch mites, is represented by seven species in Canada but many more 
are expected to be found in the skin of mammals (Giesen et al. 1983, Walter et al. 
2009).

Harpirhynchidae is another infrequently reported family found on or in the skin 
of birds, with several new records in Canada since 1979 (Table 3; Bochkov and Gallo‑
way 2013). The North American harpirhynchid fauna is poorly known (Bochkov and 
OConnor 2013), and we expect many more species to be collected in Canada given 
the diversity of their potential avian hosts. This family may also be discovered infesting 
snakes in Canada, as in Eurasia (Beron 1974).

Syringophilidae was not recorded from Canada in 1979 but 13 species are now 
known from the country, and as many as 300 more are anticipated (Table 3; Bochkov 
and Galloway 2004). Syringophilids live in the quills of feathers, and species tend to 
be highly host‑specific (Skoracki 2011). Unfortunately, they are rarely encountered 
because collecting these mites usually requires dissection of the quills.

Superfamily Myobioidea

The cosmopolitan family Myobiidae comprises blood‑ and lymph‑feeding ectoparasites 
that cling to the fur of small mammals using forelegs modified for clasping (Bochkov and 
Fain 2003). Although infrequently collected in Canada, they are known from species of 
rodents, bats and insectivores that have broad geographic ranges. The known diversity of 
myobiids in Canada (19 species) has more than doubled since Lindquist et al. (1979), 
and we expect 30 or more species to be discovered in the future (Table 3).

Superfamily Pterygosomatoidea

Pterygosomatidae, the only representative of the superfamily, contains mainly 
parasites of lizards, but some species parasitize arthropods (Walter et al. 2009). In 
Canada, they are known only from captive, non‑native animals (e.g., chuckwalla: 
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Sauromalus sp.) and the family is therefore not considered recorded here. However, 
one species, Pimeliaphilus sanguisugae Newell and Ryckman, has been identified from 
free‑living kissing bugs (Triatoma sanguisuga LeConte) in Michigan, in close proxim‑
ity to southeastern Canada (Table 3).

Superfamily Raphignathoidea

Nine families of raphignathoids are recorded from Canada (Table 3), including two 
(Barbutiidae, Dasythyreidae) newly recorded since Lindquist et al. (1979), although 
dasythyreids are known only from unidentified material. While most species are thought 
to be predatory, some are bryophagous (Lindquist et al. 1979, Walter et al. 2009), 
including four species of Stigmaeidae described from Canada (Gerson 1972, Wood 
1972). The known diversity of the Raphignathoidea in Canada has changed little since 
Lindquist et al. (1979), except for the arboreal and soil‑dwelling family Stigmaeidae, for 
which the number of known species has increased by over 50%. A few additional species 
are anticipated to occur for most raphignathoid families, though we expect as many as 
30 more for Stigmaeidae (Table 3). Furthermore, a new family of mites, Dytiscacaridae, 
living as subelytral parasites of dytiscid beetles in the USA (Mortazavi et al. 2018), may 
later be found in Canada, since some of their host species occur here.

Superfamily Tetranychoidea

This is one of the two major groups of Acari that has evolved strict phytophagy, the 
other being the Eriophyoidea. Three of the five known families are recorded from 
Canada, with two widespread in the country and representing the bulk of the fauna 
(Table 3). They include troublesome pests of fruit trees, berries, fields and pastures, 
greenhouse crops, and ornamentals, as well as potentially invasive species associated 
with imported commodities, and others that transmit plant viruses (Zhang 2003, 
Beard et al. 2012, Thistlewood et al. 2013).

The number of known species in this superfamily in Canada has doubled since 
1979, and many more species are anticipated (Table 3). Although Tetranychidae, or 
spider mites, have been revised for the United States (Baker and Tuttle 1994), knowl‑
edge of the full North American fauna is limited, with scattered information on the 
taxonomy, hosts and species distribution (Smith et al. 2011, Beaulieu and Knee 2014). 
It is thought that approximately half of the Canadian fauna is documented (Table 3).

Tenuipalpidae, commonly called flat mites, is also an understudied group (Gerson 
2008, Beard et al. 2012), in part because they are easily overlooked as they are even 
smaller than spider mites and occupy more cryptic habitats. The fauna of flat mites is 
known to be considerably more diverse in Canada than was expected in 1979, with 
many more species to be described, especially in the large genus Brevipalpus (Table 3).
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Linotetranidae, associated with grass roots (Baker 1953, Leetham and Milchunas 
1985), occur in Canada as far north as Yukon, but species are yet to be confirmed 
(Table 3). The Tuckerellidae, aptly called ‘peacock mites’ for their fan of ornamental 
setae, are not yet recorded here, but records from South Dakota grasslands suggest they 
may occur in Canadian prairies (McDaniel et al. 1975, Lindquist et al. 1979).

Infraorder Eleutherengona: Hyporder Heterostigmata

Heterostigmata comprises seven superfamilies, all represented in Canada, many with 
highly specialized symbioses with insects (Kaliszewski et al. 1995, Walter et al. 2009).

Superfamily Dolichocyboidea

Of the two families constituting this group, the monobasic Crotalomorphidae is a 
subelytral parasite of carabid beetles recorded from as far north as Michigan and is 
anticipated to occur in adjacent areas of Canada (Table 3). Dolichocybidae is known 
in Canada from an undetermined species, and a few additional species are expected. 
Although closely associated phoretically with insects, dolichocybids seem to be fungi‑
vorous, living in habitats conducive to fungal growth (Kaliszewski et al. 1995).

Superfamily Heterocheyloidea

Members of the monogeneric family Heterocheylidae evidently live as parasites under 
the elytra of passalid beetles in decaying wood in widespread areas of temperate 
and tropical forests, excluding western North America and Europe (Schuster and 
Lavoipierre 1970, Lindquist and Kethley 1975). As reported previously by Lindquist 
et al. (1979), only one known species extends with its host into southeastern Canada, 
and no further species are projected to occur in Canada (Table 3).

Superfamily Pyemotoidea

Of the three families in Canada provisionally included in this group, adult female Acaro‑
phenacidae (three species) and Pyemotidae (six species) are parasitoids of immature instars 
of holometabolous terrestrial insects, including various grain‑infesting insects and sub‑
cortical beetles. A few additional species of these two families are anticipated (Table 3), 
and a new genus of Pyemotidae remains to be described, based on identification records 
acquired by Lindquist in 1990–1992 and reported by Barker (1993). Undetermined Car‑
aboacaridae have been collected from litter in Ontario, and we expect more representatives 
to be collected from harpaline carabid beetles, their usual hosts (Nickel and Elzinga 1969).
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Superfamily Pygmephoroidea

Following Khaustov (2008), four families are now recognized in this group, all repre‑
sented widely across Canada, but with many species identified only to family, includ‑
ing all Microdispidae (Table 3). Members of these families occur mostly in soil or 
galleries of insects, but species of Pygmephorus (Pygmephoridae) are specialized nest 
associates and phoretic on mammals (Whitaker and French 1982). Generally thought 
to be fungivorous, the feeding habits of nearly all species of these families are unknown. 
Females of the genus Siteroptes (Pygmephoridae) are economically significant as car‑
riers of fungal pathogens of cereals and other grasses. A much larger variety of taxa of 
these families is anticipated to occur in Canada.

Superfamily Tarsocheyloidea

The one family and two genera of free‑living predators that constitute this cosmopolitan 
group are both represented in Canada (four species; Table 3), where they occur in moss, 
humus and rotting wood and are sometimes associated with passalid beetles (Lindquist 
1976). Although there is no change in number of recorded species, they have been 
more widely recorded across southern parts of Canada since Lindquist et al. (1979).

Superfamily Tarsonemoidea

Of the two families constituting this group, all members of Podapolipidae are obligate 
parasites of insects (Walter et al. 2009). Although some species have been recorded in 
Canada since Lindquist et al. (1979) bringing the total to seven, as many as 20 additional 
species in at least four genera are expected to occur in Canada (Husband 1998; Table 3). 
Tarsonemidae encompasses many genera with disparate feeding habits, including fungi‑
vores, phytophages, parasites and parasitoids of insects, and even predators of other tiny 
mites (Lindquist 1986). There are 53 species recorded from Canada (Table 3), a modest 
increase since Lindquist et al. (1979), including records of three additional genera. As 
many as 70 more species may occur in Canada, possibly including representatives of a 
newly described tribe living as parasites on tetrigid grasshoppers (Seeman et al. 2018).

Superfamily Trochometridioidea

The only family in Canada (Trochometridiidae) was not recorded at the time of 
Lindquist et al. (1979). First noted by Lindquist (1985), the record of Trochometrid-
ium from a halictid bee in Penticton, British Columbia, remains the only record for 
Canada. These associates of ground‑nesting bees (Cross and Bohart 1979) are antici‑
pated to occur in arid southern areas of British Columbia and Alberta (Table 3).
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Infraorder Eleutherengona: Unplaced superfamily

Superfamily Cloacaroidea

This superfamily consists of specialized parasites of the subcutaneous and mucosal tis‑
sues of turtles, birds and small mammals. Some species appear to use the cloacal region 
of their hosts to disperse between hosts during mating (Bochkov and OConnor 2008). 
Neither Cloacaridae nor Epimyodicidae have been recorded from Canada, although four 
species of cloacarids and two species of epimyodicids have hosts that occur in the country.

Superorder Acariformes: Order Sarcoptiformes

This order unites the large suborder Oribatida, which also includes the Astigmata, with 
the suborder Endeostigmata. Sarcoptiform mites are unusual among arachnids in that 
basal groups are particulate‑feeders, but fluid‑feeding has evolved in several lineages and 
led to vast radiations on plants (Eriophyoidea) and animal hosts (Astigmata: Psoroptida).

Suborder Endeostigmata

Endeostigmata represents an early‑derivative assemblage of tiny, soft‑bodied mites 
(Walter 2009b). The group is probably not monophyletic and is not well understood 
phylogenetically, such that its infraorders and superfamilies remain tentative (Pepato 
and Klimov 2015, Bolton et al. 2017). Since 1979, it has undergone significant clas‑
sification change, including some family names (Pachygnathidae is now Alycidae), 
although most constituent genera and families remain the same. The most extraordi‑
nary change here is our provisional placement of the Eriophyoidea within Endeostig‑
mata, following recent molecular and morphological evidence that suggests a close 
relationship between Eriophyoidea and the endeostigmatan family Nematalycidae, 
both of which consist of worm‑like mites that feed on fluids (Bolton et al. 2017, Kli‑
mov et al. 2018). In contrast, most sarcoptiform mites swallow particles of food and 
form discrete gut boluses, although fluid‑feeding occurs in some Endeostigmata (e.g., 
Nanorchestidae, Alycidae: Bimichaelia) and several lineages of parasitic Astigmata.

A total of 176 BINs is assigned to at least four families of Endeostigmata (Tables 
1, 4), but BINs for Eriophyoidea were not assigned to family level because the families 
of most specimens need to be verified. Except for Eriophyoidea, which has relatively 
few BINs compared to known and anticipated species diversity, the other families of 
Endeostigmata with molecular data (Alycidae, Nanorchestidae, Terpnacaridae) show 
a contrastingly high number of BINs compared to total expected diversity as inferred 
from morphological assessment.
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Endeostigmata in the traditional sense (unplaced families)

Mites of these families are found in soil, litter and moss, but also in extreme condi‑
tions such as sand dunes, rocky seashores and High Arctic tundra. From limited 
information, they feed on fungi, unicellular algae, and/or small invertebrates such as 
nematodes (Walter 2009b). They are taxonomically poorly known in Canada, with 
minimal progress since Lindquist et al. (1979) and only 17 species from four families 
so far recorded (Table 4). Few additional species are expected for Alicorhagiidae and 
Terpnacaridae, whereas more within the larger families Alycidae and Nanorchestidae 
may be discovered in the future. Two other families are recorded only from unidenti‑
fied specimens at hand, and two more are anticipated based on records from nearby 
USA (Table 4).

Superfamily Eriophyoidea

Eriophyoids are often called gall mites or rust mites, referring to the conspicuous 
galls and deformities induced by many species on their hosts. They are the largest, 
most ubiquitous group of obligate plant‑feeding mites. Their classification is unstable, 
including family, generic and species concepts, as well as the phylogenetic placement 
of the superfamily within Acari, which has traditionally been considered a member of 
Trombidiformes (Lindquist 1996); however, recent data suggest it belongs with the 
Sarcoptiformes (Klimov et al. 2018). The superfamily is widespread in Canada, likely 
occurring wherever their hosts occur, which probably includes the large majority of 
plant species. Some eriophyoids can be especially devastating to agriculture because 
they vector plant viruses (Oldfield and Proeseler 1996). On the other hand, other 
species are useful as biocontrol agents of noxious weeds (e.g., Rosenthal 1996, McClay 
and De Clerck‑Floate 2013).

The early‑derivative Nalepellidae, herein separated from the angiosperm‑associated 
Phytoptidae (Chetverikov et al. 2015), have diversified on conifer hosts and appear 
relatively well known in Canada due to a review by Marshall and Lindquist (1972) 
and to work conducted by Smith (e.g., Smith 1979a, 1984b) (Table 3). Phytoptidae 
and Diptilomiopidae, each with only six recorded species in Canada, are more poorly 
known and approximately 25 and 75 species, respectively, are anticipated in the coun‑
try. Most of the known (113 species) and anticipated diversity (900 species), however, 
resides in the Eriophyidae. The high proportion of species that could not be identified 
during a survey of plant‑feeding mites in the Prairies of Canada illustrates the need for 
taxonomic revision of the superfamily (Beaulieu and Knee 2014). Similar to the esti‑
mate of Lindquist et al. (1979), we expect over 1000 unrecorded eriophyoid species to 
occur in Canada based on the large number of potential plant hosts from which mites 
have not yet been collected, combined with the high host specificity of eriophyoid 
mites (Oldfield 1996).
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Suborder Oribatida (excl. Astigmata)

Oribatids represent the core lineage of Sarcoptiformes. The numbers presented in this 
section do not include the hyporder Astigmata, which is taxonomically placed within 
the infraorder Desmonomata (Norton 1998, Schatz et al. 2011). Due to significant 
life history differences of the Astigmata compared to the rest of the Oribatida, 
Astigmata is considered separately (see next section). Oribatid mites inhabit many 
habitats in addition to their traditional soil‑litter environment, such as freshwater 
(Behan‑Pelletier and Eamer 2007) and marine littoral (Pfingstl 2017), and canopy 
habitats (Behan‑Pelletier and Winchester 1998, Lindo and Winchester 2007). They 
are also the dominant arthropods in peatlands (Behan‑Pelletier and Bissett 1994, 
Barreto and Lindo 2018). Based on their feeding behaviour as a group, they have 
been referred to as selective generalists (Schneider and Maraun 2005) to reflect the 
opportunistic feeding strategies of many species within their detrital environment, 
contributing to decomposition and nutrient cycling processes. Oribatid mites are 
predominantly detritivore‑saprophages, variously feeding on detritus, fungi, algae, 
and other substrates associated with decaying organic matter, although predation 
of nematodes is also common. Unique among the Acari and other arthropods is a 
high prevalence of asexual (thelytokous) reproduction (~9% of species studied), with 
families or genera for which only females are known (Cianciolo and Norton 2006). 
Most surprising, however, is the re‑evolution of sexual reproductive modes (Domes 
et al. 2007) arising from within asexual groups, the best example of which is the 
sexual hyporder Astigmata from within the asexual Desmonomata (Norton 1998). 
Whether sexual or asexual, many oribatid mites are long‑lived for invertebrates (1–7 
years; Behan‑Pelletier 1999), with slow development and low reproductive rates 
(iteroparous).

Despite soil biodiversity in general being relatively understudied (Eisenhauer et 
al. 2017), the Oribatida have historically been, and remain, one of the better‑known 
groups of soil acarines in Canada, due to concerted sampling efforts. This includes the 
works of N Banks in the earlier 20th century, as well as some more contemporary sam‑
pling efforts by M Hammer (1950s), VG Marshall and colleagues (1960–1970s), M 
Mitchell (1970s), RA Norton (1970–1980s), and VM Behan/Behan‑Pelletier (1970s–
present). Sampling continues to focus on Oribatida, likely due to their charismatic 
morphology, high diversity, and life‑history traits (e.g., K‑strategists) that allow them 
to be included as bioindicators in environmental monitoring. Notable are the extensive 
works of Behan‑Pelletier and colleagues, including west coast canopy sampling by Z 
Lindo, and the efforts of DE Walter and colleagues in conjunction with the incorpora‑
tion of Oribatida into current monitoring programs such as that of the Alberta Biodi‑
versity Monitoring Institute (ABMI) (Walter and Latonas 2012, Walter et al. 2014). 
Oribatid mites have also often been used for general ecological studies of human and/
or natural disturbance (e.g., forestry, agricultural, or industrial practices), and as model 
taxa for diversity studies (e.g., Behan‑Pelletier 1999, Battigelli et al. 2003, Déchêne 
and Buddle 2009, McAdams et al. 2018).
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Marshall summarized the Oribatida in the Acari section by Lindquist et al. 
(1979) and reported 71 (+10 expected) families and 354 described species in Can‑
ada, with an estimated total diversity of 1554 species. Marshall considered nearly all 
families (except Kodiakellidae from coastal British Columbia) as probably transcon‑
tinental, and the majority of families to have a northern latitudinal range, either to 
treeline (nine families), to within the Arctic (32 families), or to High Arctic (nine 
families). The remaining 30 families were considered restricted to southern latitudes. 
In comparison, of the 100 currently documented or anticipated families in Canada, 
44 families are represented in most or all ecozones including the Arctic, 47 families 
are restricted to boreal and southward, and the remaining nine families are known 
from only a few ecozones but ranging from southern Canada to as far north as Taiga 
or Arctic ecozones (Table 5).

Records of Oribatida of Canada up to 1986 were also captured in the Catalogue of 
the Oribatid Mites of Canada and the USA (Marshall et al. 1987), wherein was listed 
~300 spp. from 160 genera from published records from Canada. Updates to species 
and distributional records by province, through to the early 2000s, are available online 
through the Diversity of Oribatida in Canada (DOC) website (Behan‑Pelletier and 
Eamer 2004).

A total of 592 described species from 84 families are recorded in Canada, a 67% 
increase since 1979 (Table 5). Another 1267 species are expected to be recorded in 
the future, approximately 300 of which represent undescribed species or morpho‑
species currently in collections that need identification or verification. An additional 
15 families are known in Canada, based on unidentified specimens, and Lohman‑
niidae is anticipated to be found. As many as 27 families, including 12 with unde‑
termined species only, represent new records since 1979. The 99 families known in 
Canada represent 58% of the known world families (currently 172; Norton and 
Behan‑Pelletier 2009). The families with the highest documented diversity in Can‑
ada include (Table 5): Ceratozetidae (53 species), Brachychthoniidae (38), Punctori‑
batidae (35), Eremaeidae (32), Phthiracaridae (28), Crotoniidae (24), Damaeidae 
(23), and Oribatellidae (22). Several of these groups have been extensively reviewed 
by Behan‑Pelletier for North America (Ceratozetidae, Punctoribatidae, Eremaeidae, 
Damaeidae, and Oribatellidae) and those works contain keys to genera and species 
(references listed in Table 5).

Families where the number of species has substantially increased since Lindquist 
et al. (1979) are the Euphthiracaroidea, Crotoniidae, Eremaeidae, Carabodidae, Ori‑
batellidae, and Scheloribatidae (Table 5). Increased species richness in these families 
is in part due to the taxonomic efforts of VM Behan‑Pelletier, M Colloff, M Reeves, 
and W Niedbała, concomitant with the exploration of previously unexplored habitats 
(e.g., canopy habitats). On the other hand, reductions in the number of species in 
some families (e.g., Suctobelbidae, Oribatulidae) are mostly due to revisions in our 
understanding of the species concept and/or reassessment and placement of species 
into other taxonomic groups based on new diagnoses.
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Molecular data (BINs) suggest that a large portion of the Canadian oribatid diversity 
remains undescribed or at least unrecorded, with a total of 2429 BINs recorded across 
67 families surveyed so far (Tables 1, 5). However, there are discrepancies between the 
number of BINs and morphology‑based identifications for several families of Oribatida, 
notably Oppiidae (144 BINs), Tectocepheidae (131), Oribatulidae (175), Scheloribatidae 
(184), and Ceratozetidae (245). For instance, the low diversity of recorded Tectocepheidae 
(three known spp.) is in contrast to 131 BINs, despite Tectocepheidae containing only 
two known genera with a total of 16 described species worldwide (Subías 2004). Within 
this family, known species in Canada reproduce via thelytokous parthenogenesis, and the 
number of BINs may indicate high within‑lineage diversification (Fontcuberta Garcia‑
Cuenca et al. 2016). It is interesting to note that while Ceratozetidae has the highest 
number of described species (53 species) and Punctoribatidae, a closely related family, has 
similarly high diversity (35 species), the number of BINs recorded for Ceratozetidae is 
245 while there are only 35 BINs for Punctoribatidae.

Taking into account the increase in discovered and described species over the last 
40 years and the high number of BINs recorded so far, we estimate the diversity of 
Oribatida in Canada to be at least 1800 species, and possibly as many as 3000 species, 
with at least two thirds yet unrecorded (Table 5). A comparison of the Canadian 
oribatid fauna with a recent publication by Krisper et al. (2017) on the Oribatida of 
Austria, where they document over 677 species, supports the assertion that much of 
the Canadian fauna is still unknown, given that Canada has ~120 times the area of 
Austria and contains many more ecozones.

Hyporder Astigmata

The Astigmata originated within the oribatid lineage, Desmonomata, and then radi‑
ated morphologically and ecologically, adapting to a remarkable diversity of niches 
(OConnor 2009). Adult astigmatans are similar in appearance to immature oribatids, 
and hence this clade is thought to have arisen via neoteny. Their evolutionary success 
can be attributed in part to the evolution of a non‑feeding deutonymphal stage for 
dispersal and for enduring adverse environmental conditions. These traits facilitated 
colonization of the patchy, transient habitats in which free‑living astigmatans thrive, 
such as animal nests, decaying wood, carrion, fungal sporocarps, and stored products. 
Many species disperse on insects and have developed relationships with them beyond 
simple phoresy. Similarly, several lineages of Astigmata have evolved commensal and 
parasitic relationships with vertebrates, living on and in the skin, fur and feathers of 
mammals and birds (Psoroptidia: Sarcoptoidea and feather mites). Most non‑parasitic 
Astigmata are assumed to be fungivorous or saprophagous, though vertebrate com‑
mensals may also feed on sebaceous oils (OConnor 2009). In Canada, we now know 
of 441 species of Astigmata from 43 families, compared to a mere 142 species in 1979 
(Table 6). In addition, three other families are recorded in Canada, based on unidenti‑
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fied material. The concepts of several families and their placement in superfamilies 
have changed substantially since 1979. Canestriniidae (Canestrinioidea) was predicted 
to occur in Canada by Lindquist et al. (1979); we do not expect it to occur here, with 
the nearest known locality being in the southeastern USA (B OConnor pers. comm.).

The most notable improvements in taxonomy of Astigmata in Canada are for mites 
associated with the plumage and skin of birds (Analgoidea, Pterolichoidea) (Table 1). 
There are significant, mostly unpublished, additions in other families, especially Acari‑
dae and Chirodiscidae. The case of feather mites demonstrates how little is known 
and published and how much work is left to do for the taxonomy of Astigmata in 
Canada: Galloway et al. (2014) published 118 new records for Canada and mentioned 
38 undescribed species of feather mites from grassland birds in Alberta and Manitoba 
alone! Molecular work conducted for Astigmata in Canada has been relatively limited, 
with only 153 BINs generated from 19 families; most of these have not yet been 
confidently assigned to named species. The Acaridae is well represented, encompassing 
about one third of BINs for Astigmata. In contrast, many families are poorly repre‑
sented by BINs, compared to the diversity of known or anticipated species. This may 
be in part due to the limited sampling of Astigmata, which typically live as symbionts 
of vertebrates or in cryptic, patchy habitats. We estimate that over 1600 species of 
Astigmata occur in Canada, most of which (>70%) are yet to be discovered.

Superfamily Histiostomatoidea

The one family in Canada, Histiostomatidae, consists of filter‑feeding microbivores 
associated with moist decaying substrates and aquatic microhabitats. In Canada, they 
have been found associated with decaying bulbs, pitcher plants, insect and worm cul‑
tures, as well as with insects such as bark beetles, bees, carrion‑ and dung‑breeding flies 
on which they disperse. New records since 1979 include two new species phoretic on 
amphipods (Fain and Colloff 1990) and one described from sphaerocerid flies (Samsi‑
nak 1989). Only 21 named species are known from Canada, but four times that many 
are unrecorded or undescribed (Table 6).

Superfamily Hemisarcoptoidea

Five families of Hemisarcoptoidea have described species recorded in Canada (Table 
6). This group includes fungivores in stored products (Carpoglyphidae, Hemisarcopti‑
dae, Winterschmidtiidae), on foliage and in bark crevices (Winterschmidtiidae), algi‑
vores in littoral habitats (Hyadesiidae), parasites of coccinellid beetles and scale insects 
(Hemisarcoptidae), and various associates of subcortical beetles (OConnor 2009). 
Some winterschmidtiids (subfamily Ensliniellinae) are obligate associates of Hyme‑
noptera, and include a species described from leafcutter bees (Megachilidae) in Nova 
Scotia which feeds on moulds growing on pieces of leaves in the bee nests (OConnor 
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and Eickwort 1988; Table 6). A recent revision of Chaetodactylidae has three new 
Canadian records of obligate cleptoparasites or parasitoids of leafcutter bees, including 
two new species (Klimov and OConnor 2008). In total, 17 hemisarcoptoid species are 
known from Canada and over 50 more species in these five families are expected (Table 
6). A sixth family, Algophagidae, has at least one unidentified species in Canada, and 
a few representatives in the neighbouring USA from water‑filled treeholes or tree sap 
flux likely occur here.

Superfamily Glycyphagoidea

Ancestrally associated with vertebrate nests, this superfamily includes numerous nest‑
dwelling fungivore‑detritivores, as well as forms that evolved parasitism in the hair 
follicles of their mammalian hosts (Chortoglyphidae, Echimyopodidae). In addition 
to inhabiting nests, they can be found on mammals (more rarely birds) or insects on 
which they are phoretic, as well as in litter and anthropogenic habitats such as house 
dust and stored products (a few Glycyphagidae, Aeroglyphidae, Chortoglyphidae) 
(OConnor 2009).

Three families have a total of 24 recorded species in Canada, including several 
new records of glycyphagids and chortoglyphids from rodent hosts such as musk‑
rats, beavers and mountain beavers since 1979 (Table 6). Rosensteiniidae, associ‑
ated with bats and their guano, is newly recorded from southern Canada, but as an 
undetermined species. Echimyopodidae and Euglycyphagidae are anticipated for 
Canada. Overall, an additional 32 species of glycyphagoids are expected for Canada 
(Table 6).

Superfamily Acaroidea

The family Acaridae is the most diverse family within the Acaroidea at both the global 
and national levels. It is agriculturally the most important group of astigmatic mites 
because of their role as pests of bulbs, greenhouse vegetables, and stored products 
(e.g., grains, cheese, meat), where they can feed directly on the cereal grain itself or 
on green plant tissues (Sinha 1979, Beaulieu and Knee 2014). Most acarid mites are 
fungivore‑saprophages and breed where fungi and other microbes abound, including 
soil and patchy habitats such as compost, rotting wood, tree bark, bracket fungi, 
phytotelmata, beetle galleries, and hymenopteran and avian nests. Some Acaridae 
and Suidasiidae feed on pollen inside bee nests in Canada. There are only a small 
number of scattered Canadian records of Acaridae and other Acaroidea published 
since 1979 (often identified only to genus level). Over 40 additional species are 
expected in Canada, mostly of Acaridae (Table 6). One family, Gaudiellidae, associ‑
ated with bumble bees, has been newly recorded since 1979. The superfamily is in 
dire need of revision.
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Superfamily Hypoderatoidea

The sole family, Hypoderatidae, comprises parasites of birds and desert‑dwelling 
rodents (OConnor 2009). This family was not recorded from Canada in 1979 but 
since then one species has been recorded from the skin of a kingfisher in Ontario 
(Pence and Gray 1996). Many of the species so far recorded from adjacent states of the 
USA are anticipated to occur in Canada on the same bird hosts (Table 6).

Superfamily Sarcoptoidea

This group includes ‘fur mites’ (Chirodiscidae, Listrophoridae, Atopomelidae) which live 
in the fur of mammals and feed on sebaceous materials (OConnor 2009, Bochkov 2011). 
Other sarcoptoids obtain fluids from the skin surface (Myocoptidae, Psoroptidae), live 
in hair follicles (Rhyncoptidae), or burrow in the skin (Sarcoptidae) of their mammalian 
hosts. More invasive forms colonize the ears of various mammals (some Psoroptidae), 
nasal passages and lungs of rodents (Gastronyssidae, Pneumocoptidae), or the eye orbits 
and stomach of bats (Gastronyssidae). The effects of these mites on their hosts vary from 
relatively benign, such as the irritation caused by ear mites (Psoroptidae: Otodectes) of 
domestic animals, to highly detrimental, such as sarcoptic mange (caused by Sarcoptes 
scabiei [L.]) which can cause skin hyperkeratosis and hair loss and lead to population 
declines in domestic and wild mammals (OConnor 2009, Murray and St Clair 2017).

Five of the 12 globally recognized families of Sarcoptoidea are known in Canada 
and four others are anticipated to occur (Table 6). Currently, 38 species are recorded 
from Canada, more than double that recorded in 1979. Chirodiscidae experienced the 
largest increase since 1979, with 10 of 11 species currently recorded being restricted 
to beavers (Table 6; CNC). Eight more species of Schizocarpus may occur on beavers 
in Canada (Fain and Whitaker 1988, Bochkov 2010). Other new Canadian records 
since 1979 are from mustelids (Chirodiscidae), small rodents (Myocoptidae, Listro‑
phoridae), rabbits, and bovid and cervid hosts (Psoroptidae). Representatives of four 
families not yet recorded in Canada are expected to occur here, based on nearby USA 
records: Atopomelidae, Rhyncoptidae, Pneumocoptidae, and Gastronyssidae. Overall, 
approximately 50 additional species are expected to be found in Canada (Table 6).

Superfamilies Pterolichoidea, Analgoidea

With 280 species from 25 families recorded (Table 6), these two superfamilies represent 
almost two thirds of all known species and more than half of the families of Astigmata 
in Canada. They dominate the diversity of acarofauna living on birds, with up to 10 
species recorded from a given host species in Canada (SV Mironov, HC Proctor, and 
TD Galloway unpubl. data). Most families consist of the true “feather mites”, which 
are mostly paraphagous commensals, feeding on uropygial gland secretions, as well 
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as on fungi and other organic material (algae, pollen) found on the feathers (Proctor 
2003, OConnor 2009). A few families include true parasites that feed on or in the skin 
(Dermationidae, Epidermoptidae, Knemidocoptidae, Laminosioptidae), consume pith 
inside quills (Ascouracaridae, Dermoglyphidae, Syringobiidae), or eat live tissues in 
respiratory tracts (Cytoditidae, Turbinoptidae). Some of these mites significantly affect 
their wild and domestic hosts, causing dermatitis, scaly‑leg and ‑face diseases of birds, 
or possibly weaken feather quills after feeding on the inner pith (Proctor and Owens 
2000, Proctor 2003). Pyroglyphid mites are unique among the Analgoidea in that most 
species live as scavengers in the nests of their hosts (birds and mammals) rather than 
on their bodies, eating skin flakes, hair, and other organic debris. Some pyroglyphids 
(Dermatophagoides spp. and other dust mites) have adapted to living in houses where 
they feed on shed human skin that has been colonized by fungi, and are the culprits 
behind many respiratory allergies (Colloff 2009). Taxonomic knowledge of the two 
superfamilies in Canada has grown an order of magnitude since 1979, thanks to the 
work of Mironov, Proctor, and Galloway. The known fauna increased from a mere two 
to 65 species of Pterolichoidea and from 19 to 215 species of Analgoidea, with 12 of 
the 25 families in Canada representing new records for the country (Table 6).

Astigmatan feather mites, nasal mites, skin and quill mites are now recorded from 
at least 252 of the 690 bird species occurring in Canada (Lepage 2018), with a sam‑
pling bias for birds of the Prairie Provinces where most of the relevant research has been 
conducted (Galloway et al. 2014; Mironov, Proctor and Galloway unpubl. data). Most 
bird families that occur in Canada have been sampled for mites. Mironov, Proctor and 
Galloway have aimed for taxonomic breadth of hosts, which should parallel taxonomic 
breadth of mites. Most members of Analgoidea and Pterolichoidea known from Canada 
have been collected by washing the bodies of birds that were either found dead or that 
died in wildlife rehabilitation centres rather than by targeted collecting from particular 
species of birds. The most notable increase among families is for the world’s largest fam‑
ily of feather mites, Proctophyllodidae, the species of which inhabit wing feathers of 
passerines and hummingbirds (Galloway et al. 2014; Table 6). This is followed by the 
Analgidae, which inhabit downy feathers (Mironov and Galloway 2002). Next are the 
Alloptidae and Avenzoariidae, mostly associated with various aquatic birds (OConnor 
2009; Table 6). The only Ascouracaridae recorded is a potentially host‑specific quill mite 
collected from a threatened bird in Canada, the whip‑poor‑will (Caprimulgus vociferus 
Wilson). Families of mites that live on or in skin or in quills may be underrepresented 
due to sampling bias. Adult females of some species of Epidermoptidae are hyperpara‑
sitic on hippoboscid flies or lice and can be collected from these hosts, including two 
species recently reported from Canada (Knee and Galloway 2017a, Goater et al. 2018; 
Table 6). The family Pyroglyphidae may also be underrepresented since nests are less 
often targeted than birds.

Five additional families are anticipated in Canada (Table 6): Gaudoglyphidae, rep‑
resented by one species living in the quills of domestic chickens (Bruce and Johnston 
1976); Laminosioptidae, subcutaneous and follicular parasites (Skoracki et al. 2014); 
Apionacaridae, quill mites (Mironov 2001); Ptyssalgidae, hummingbird‑specific quill 
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mites (Atyeo and Gaud 1979); and Cytoditidae, inhabiting the nasal cavity, lungs or 
air sacs of birds. Based on a number of undescribed species at hand as well as their 
prevalence, level of host specificity observed so far, and the potential number of host 
species, we anticipate ~900 additional species of analgoids and pterolichoids on birds 
in Canada (Table 6).

Heterocoptidae

At least one representative of the unplaced family Heterocoptidae probably occurs 
in southern Canada, since an undescribed species of the family has been found on a 
beetle in nearby Michigan (B OConnor pers. comm.). Heterocoptids are presumably 
paraphagic on their beetle hosts (OConnor 2009).

Knowledge gaps and opportunities

Although the increase in known species of Acari in Canada is substantial, there are 
still major taxonomic gaps for all higher mite taxa, except ticks, with the majority of 
families requiring review or revision in Canada. Even for some of the better known 
acarine families in North America (e.g., Mesostigmata: Phytoseiidae; Prostigmata: 
Bdellidae, Tetranychidae, Trombiculidae), there are no species checklists available 
for Canada. There are large numbers of unpublished records for species present in 
Canada, but not reported in the world or North American catalogues (Denmark and 
Evans 2011, Walters et al. 2011, Hernandes et al. 2016, Demite et al. 2018, Migeon 
and Dorkeld 2018).

Based on the estimated diversity of unrecorded species (Tables 2–6), as well as the 
need for clarifying species concepts and improving classification, the following taxa are 
the most notable in requiring revision in Canada. Within the Mesostigmata, it is the 
Parasitidae, Laelapidae, and families of Uropodoidea, Rhodacaroidea and Ascoidea. 
Many groups of Prostigmata need particular attention: Cunaxidae, Eupodidae, Tyde‑
oidea, Halacaridae, Erythraeidae, Trombiculidae, Cheyletoidea, Tenuipalpidae, Pyg‑
mephoroidea, and Tarsonemidae. Future research priorities in water mites include 
Hygrobatidae, Lebertiidae and Sperchontidae. The Eriophyoidea, now tentatively in the 
Endeostigmata, urgently needs revision. The greatest uncertainty in species numbers for 
Oribatida lies in smaller‑bodied and/or highly diverse families (e.g., Brachychthoniidae, 
Oppiidae, Suctobelbidae, Oribatulidae, Scheloribatidae), but also significant efforts for 
revisions are required within the Damaeidae, Liacaridae, and Galumnidae. Further‑
more, despite considerable progress in several families (e.g., Ceratozetidae, Peloppiidae, 
Eremaeidae), we suspect that large numbers of species remain unrecorded for these 
families. While feather mites (Analgoidea, Pterolichoidea) are undergoing major, needed 
revisions, other Astigmata that require particular focus are Acaridae, Histiostomatidae 
and Glycyphagidae.
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We anticipate an additional 29 families of mites in Canada (indicated by * in Tables 
2–6): Mesostigmata (4 families), Trombidiformes (10), Oribatida (1), Astigmata (12) 
and Endeostigmata (2). Based on our estimates (Table 1), the majority of all species 
of Mesostigmata (60%), Trombidiformes (66%), Endeostigmata (86%; due mostly to 
Eriophyoidea), Oribatida (68%), and Astigmata (73%) are yet to be discovered, identi‑
fied or described in Canada. This represents at least six times the number of species 
newly recorded in Canada in the ~40 years since Lindquist et al. (1979)!

Many habitats are vastly underexplored for mites, often because the habitat is cryp‑
tic, or hard to reach physically. In particular, we anticipate new species discoveries in 
the following habitats: deep soils; arboreal, littoral and alpine habitats; groundwater 
and hyporheic zones of fresh water; all marine habitats; cave system substrates; angio‑
sperm hosts, including their flowers; patchy habitats such as dung, dead wood, fungal 
sporocarps, plant galls, tree sap flows; and vertebrate and invertebrate nests/burrows 
and their insect residents. Many of the thousands of aquatic and terrestrial inverte‑
brate species in Canada, particularly moths, dipterans, coleopterans, hymenopterans, 
but also millipedes, spiders, amphipods and gastropods are hosts to commensal and 
parasitic mites that are expected to occur in Canada but have not yet been recorded. 
Among vertebrate hosts, birds are now better targeted (Galloway et al. 2014), but 
surveys for mites on reptiles, amphibians and especially mammals, including bats and 
aquatic species (e.g., pinnipeds), are relatively rare in Canada. Overall, there is a dearth 
of information on the distribution, habitat, host associations, feeding biology, life his‑
tory and immature stages of most species of Acari in Canada.

Addressing the deficiency in taxonomic and faunistic knowledge of Acari in Can‑
ada will require major efforts towards the following: (1) targeted exploration of many 
more habitats and hosts across all ecozones; (2) integrated approaches combining mor‑
phological, molecular and ecological data to elucidate species boundaries, including 
for cryptic species; and (3) species‑level assessments and confirmation for taxa collected 
during biological surveys and ecological studies (Gotelli 2004). Beyond such taxo‑
nomic endeavours, studies targeting the feeding habits as well as host relationships of 
selected species or assemblages are necessary to refine our understanding of the diverse 
roles of mites in Canadian ecosystems. Finally, “to fulfill our national and worldwide 
duties of classifying and describing…species, particularly to address agricultural (pests, 
invasive species) problems before they get out of hand (or to be ready when they arise), 
and to address conservation and biodiversity questions before the biodiversity disap‑
pears” (Lumley et al. 2013), we will need to enhance and accelerate efforts in acarology. 
The foremost approach for this will not be to simply maintain, but to increase the level 
of acarological expertise in the country.
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lieu, W Knee and D Walter; Oribatida by Z Lindo, V Behan‑Pelletier and L Lumley; 
Astigmata by F Beaulieu, W Knee, V Nowell, H Proctor, S Mironov, and T Galloway. 
Data compilation from the literature and unpublished specimen data was led by the 
authors mentioned above, with major contributions by W Knee and V Nowell for non‑
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text remarks on molecular aspects. E Lindquist, H Proctor, D Walter, and T Galloway 
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Acknowledgments

We thank David Langor (NRCan) for his many constructive comments on earlier ver‑
sions of this manuscript; Cory Sheffield (Royal Saskatchewan Museum) for his com‑
ments on the manuscript and information on bee names; Barry OConnor (U. Michi‑
gan), Debbie Creel (USDA) for sharing useful species information from their collections, 
respectively the UMMZ and the USNM; Barry OConnor, Hans Klompen (Ohio State 
U.), Ali Ahadiyat (Islamic Azad U., Iran), Zsolt Ujvari (Hungarian Institute for Forensic 
Sciences), Philipp Chetverikov (Saint‑Petersburg State U.), James Amrine (West Vir‑
ginia U.), Enrico de Lillo (U. of Bari), Sam Bolton (Florida Department of Agricul‑
ture and Consumer Services), Maciej Skoracki (Adam Mickiewicz U.) and Jerry Krantz 
(Oregon State U.) for sharing information or opinions on their groups of expertise; Pat 
Bouchard, Adam Brunke, Bryan Brunet, and Chris Schmidt (AAFC) for information 
on insect hosts; Andy Bennett, Jean‑François Landry, Brad Sinclair and Pat Bouchard 
(AAFC) for their advice on methodology; and not the least, students that contributed 
significantly to specimen databasing, particularly Samiyah Khan and Sonia Gagnon.

References

Alberti G (2010) On predation in Epicriidae (Gamasida, Anactinotrichida) and fine‑structural 
details of their forelegs. Soil Organisms 82: 179–192.

Atyeo WT, Gaud J (1979) Ptyssalgidae, a new family of analgoid feather mites (Acarina: 
Acaridida). Journal of Medical Entomology 16: 306–308. https://doi.org/10.1093/
jmedent/16.4.306

Atyeo WT, Philips JR (1984) The feather mite genus Neopetitota (Pterolichoidea: Kramerellidae). 
Journal of Medical Entomology 21: 409–411. https://doi.org/10.1093/jmedent/21.4.409

Baker EW (1951) Pneumocoptes, a new genus of lung‑inhabiting mite from rodents (Acarina: 
Epidermoptidae). Journal of Parasitology 37: 583–586. https://doi.org/10.2307/3273353

https://doi.org/10.1093/jmedent/16.4.306
https://doi.org/10.1093/jmedent/16.4.306
https://doi.org/10.1093/jmedent/21.4.409
https://doi.org/10.2307/3273353


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)134

Baker EW (1953) The family categories of tetranychoid mites, with a review of the new families 
Linotetranidae and Tuckerellidae. Annals of the Entomological Society of America 46: 
243–258. https://doi.org/10.1093/aesa/46.2.243

Baker EW, Delfinado MD (1978) Notes on the driedfruit mite Carpoglyphus lactis (Acarina: 
Carpoglyphidae) infesting honey bee combs. Journal of Apicultural Research 17: 52–54. 
https://doi.org/10.1080/00218839.1978.11099902

Baker EW, Tuttle DM (1994) A Guide to the Spider Mites (Tetranychidae) of the United 
States. Indira Publishing House, West Bloomfield, 347 pp.

Ballard JT, Ring RA (1979) The ectoparasites of some marine birds from Bamfield Marine 
Station, British Columbia, with particular reference to the common murre, Uria aalage 
(Pont.). Canadian Journal of Zoology 57: 1980–1984. https://doi.org/10.1139/z79‑262

Barker PS (1993) Phoretic mites found on beetles associated with stored grain in Manitoba. 
The Canadian Entomologist 125: 715–719. https://doi.org/10.4039/Ent125715‑4

Barreto C, Lindo Z (2018) Drivers of decomposition and the detrital invertebrate community 
differ across a hummock‑hollow microtopology in boreal peatlands. Écoscience 25: 39–48. 
https://doi.org/10.1080/11956860.2017.1412282

Bartsch I (2009) Checklist of marine and freshwater halacarid mite genera and species (Hala‑
caridae: Acari) with notes on synonyms, habitats, distribution and descriptions of the taxa. 
Zootaxa 1998: 1–170.

Bartsch I (2011) North American freshwater Halacaridae (Acari): literature survey and new 
records. International Journal of Acarology 37: 490–510. https://doi.org/10.1080/01647
954.2010.525528

Battigelli JP, McIntyre GS, Broersma K, Krzic M (2003) Impact of cattle grazing on prostig‑
matid mite densities in grassland soils of southern interior British Columbia. Canadian 
Journal of Soil Science 83: 533–535. https://doi.org/10.4141/S02‑064

Beard JJ, Ochoa R, Bauchan GR, Trice MD, Redford AJ, Walters TW (2012) Flat Mites of the 
World (2nd edn). Identification technology program, CPHST, PPQ, APHIS, USDA; Fort 
Collins. http://idtools.org/id/mites/flatmites/ [accessed 1 September 2018]

Beaulieu F (2009) Review of the mite genus Gaeolaelaps Evans & Till (Acari: Laelapidae) and 
description of a new species from North America, G. gillespiei n. sp. Zootaxa 2158: 33–49.

Beaulieu F (2012) Saproxyly in predatory mites? Mesostigmata in decaying log habitats versus 
litter in a wet eucalypt forest, Tasmania, Australia. International Journal of Acarology 38: 
313–323. https://doi.org/10.1080/01647954.2011.647072

Beaulieu F, Cuerrier A, Filion VJ, Saleem A, Arnason JT (2016) A gall mite, Aceria rhodi-
olae (Acari: Eriophyidae), altering the phytochemistry of a medicinal plant, Rhodiola rosea 
(Crassulaceae), in the Canadian Arctic. Journal of Natural History 50: 1237–1263. https://
doi.org/10.1080/00222933.2015.1103910

Beaulieu F, Déchêne AD, Walter DE (2008) Phase morphs and phoresy: new species of Anten-
noseius (Vitzthumia) mites (Acari: Mesostigmata: Ascidae) associated with pyrophilous car‑
abids (Carabidae: Sericoda spp.) in Alberta, Canada. Zootaxa 1961: 37–57.

Beaulieu F, Dowling APG, Klompen H, de Moraes HGJ, Walter DE (2011) Superorder Para‑
sitiformes Reuter, 1909. In: Zhang Z‑Q (Ed.) Animal biodiversity: An outline of higher‑
level classification and survey of taxonomic richness. Zootaxa 3148: 123–128.

https://doi.org/10.1093/aesa/46.2.243
https://doi.org/10.1080/00218839.1978.11099902
https://doi.org/10.1139/z79-262
https://doi.org/10.4039/Ent125715-4
https://doi.org/10.1080/11956860.2017.1412282
https://doi.org/10.1080/01647954.2010.525528
https://doi.org/10.1080/01647954.2010.525528
https://doi.org/10.4141/S02-064
http://idtools.org/id/mites/flatmites/
https://doi.org/10.1080/01647954.2011.647072
https://doi.org/10.1080/00222933.2015.1103910
https://doi.org/10.1080/00222933.2015.1103910


Acari of Canada 135

Beaulieu F, Knee W (2014) Plant‑feeding mites of the Canadian Prairies. In: Carcamo H, Gib‑
erson D (Eds) Arthropods of Canadian Grasslands Volume 3: Biodiversity and Systematics 
Part 1. Biological Survey of Canada, 29–72.

Beaulieu F, Weeks AR (2007) Free‑living mesostigmatic mites in Australia: their role in bio‑
logical control and bioindication. Australian Journal of Experimental Agriculture 47: 
460–478. https://doi.org/10.1071/EA05341

Behan VM (1978) Diversity, distribution and feeding habits of North American arctic soil 
Acari. PhD thesis, McGill University, Montreal.

Behan‑Pelletier VM (1984) Ceratozetes (Acari: Ceratozetidae) of Canada and Alaska. The Cana‑
dian Entomologist 116: 1449–1517. https://doi.org/10.4039/Ent1161449‑11

Behan‑Pelletier VM (1985) Ceratozetidae of the western North America Arctic. The Canadian 
Entomologist 117: 1287–1366. https://doi.org/10.4039/Ent1171287‑11

Behan‑Pelletier VM (1986) Ceratozetidae (Acari: Oribatei) of the western North Ameri‑
can subarctic. The Canadian Entomologist 118: 991–1057. https://doi.org/10.4039/
Ent118991‑10

Behan‑Pelletier VM (1987) Redefinition of Ametroproctus (Acari: Oribatida) with descriptions 
of new species. The Canadian Entomologist 119: 505–536. https://doi.org/10.4039/
Ent119505‑6

Behan‑Pelletier VM (1988) Redefinition of Zachvatkinibates (Acari: Mycobatidae), with 
description of a new species. The Canadian Entomologist 120: 797–813. https://doi.
org/10.4039/Ent120797‑8

Behan‑Pelletier VM (1989a) Description of Scapuleremaeus kobauensis gen. nov., sp. nov. 
(Acari: Oribatida: Cymbaeremaeidae) from western Canada. The Canadian Entomologist 
121: 507–513. https://doi.org/10.4039/Ent121507‑6

Behan‑Pelletier VM (1989b) Limnozetes (Acari: Oribatida: Limnozetidae) of northeastern 
North America. The Canadian Entomologist 121: 453–506. https://doi.org/10.4039/
Ent121453‑6

Behan‑Pelletier VM (1990) Redefinition of Megeremaeus (Acari: Megeremaeidae) with descrip‑
tion of new species, and nymphs of M. montanus Higgins and Woolley. The Canadian 
Entomologist 122: 875–900. https://doi.org/10.4039/Ent122875‑9

Behan‑Pelletier VM (1993) Eremaeidae (Acari: Oribatida) of North America. Memoirs of the 
Entomological Society of Canada No. 168, 1–193. https://doi.org/10.4039/entm125168fv

Behan‑Pelletier VM (1994) Mycobates (Acari: Oribatida: Mycobatidae) of America north 
of Mexico. The Canadian Entomologist 126: 1301–1361. https://doi.org/10.4039/
Ent1261301‑6

Behan‑Pelletier VM (1996) Naiazetes reevesi n. g., n. sp. (Acari: Oribatida: Zetomimidae) from 
semi‑aquatic habitats of eastern North America. Acarologia 37: 345–355.

Behan‑Pelletier VM (1997a) Oribatid mites (Acari: Oribatida) of the Yukon. In: Danks HV, 
Downes JA (Eds) Insects of the Yukon. Biological Survey of Canada Monograph Series 
No. 2, 115–149.

Behan‑Pelletier VM (1997b) The semiaquatic genus Tegeocranellus (Acari: Oribatida: Amer‑
onothroidea) of North and Central America. The Canadian Entomologist 129: 537–577. 
https://doi.org/10.4039/Ent129537‑3

https://doi.org/10.1071/EA05341
https://doi.org/10.4039/Ent1161449-11
https://doi.org/10.4039/Ent1171287-11
https://doi.org/10.4039/Ent118991-10
https://doi.org/10.4039/Ent118991-10
https://doi.org/10.4039/Ent119505-6
https://doi.org/10.4039/Ent119505-6
https://doi.org/10.4039/Ent120797-8
https://doi.org/10.4039/Ent120797-8
https://doi.org/10.4039/Ent121507-6
https://doi.org/10.4039/Ent121453-6
https://doi.org/10.4039/Ent121453-6
https://doi.org/10.4039/Ent122875-9
https://doi.org/10.4039/entm125168fv
https://doi.org/10.4039/Ent1261301-6
https://doi.org/10.4039/Ent1261301-6
https://doi.org/10.4039/Ent129537-3


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)136

Behan‑Pelletier VM (1999) Oribatid mite biodiversity in agroecosystems: role for bioindica‑
tion. Agriculture Ecosystems & Environment 74: 411–423. https://doi.org/10.1016/
S0167‑8809(99)00046‑8

Behan‑Pelletier VM (2000) Ceratozetidae (Acari: Oribatida) of arboreal habitats. The Canadian 
Entomologist 132: 153–182. https://doi.org/10.4039/Ent132153‑2

Behan‑Pelletier VM (2010) Oribatid mites (Acarina: Orbatida) of the Atlantic Maritime Eco‑
zone. In: McAlpine DF, Smith IM (Eds) Assessment of Species Diversity in the Atlantic 
Maritime Ecozone, 313–331.

Behan‑Pelletier VM (2011) Oribatella (Acari, Oribatida, Oribatellidae) of eastern North Amer‑
ica. Zootaxa 2973: 1–56.

Behan‑Pelletier VM (2013) Adoribatella, Ferolocella, Joelia and Ophidiotrichus (Acari, Oribatida, 
Oribatellidae) of North America. Zootaxa 3637: 254–284. https://doi.org/10.11646/
zootaxa.3637.3.2

Behan‑Pelletier VM (2015) Sexual dimorphism in Autogneta, with description of three new 
species from North America and new diagnosis of the genus (Acari, Oribatida, Autogneti‑
dae). Zootaxa 3946: 55–78. https://doi.org/10.11646/zootaxa.3946.1.2

Behan‑Pelletier VM (2017) Tegoribatidae of North America, with proposal of Protectoribates 
gen. nov., and new species (Acari, Oribatida, Tegoribatidae). Zootaxa 4337: 151–197. 
https://doi.org/10.11646/zootaxa.4337.2.1

Behan‑Pelletier VM, Bissett B (1994) Oribatida of Canadian peatlands. Memoirs of the Ento‑
mological Society of Canada No. 169, 73–88. https://doi.org/10.4039/entm126169073‑1

Behan‑Pelletier VM, Clayton M, Humble L (2002) Parapirnodus (Acari: Oribatida: Schelorib‑
atidae) of canopy habitats in western Canada. Acarologia 42: 75–88.

Behan‑Pelletier VM, Eamer B (2003) Zetomimidae (Acari: Oribatida) of North America. In: 
Smith IM (Ed.) An Acarological Tribute to David R. Cook. Indira Publishing House, 
West Bloomfield, 21–56.

Behan‑Pelletier VM, Eamer B (2004) Diversity of Oribatida in Canada. http://www.cbif.gc.ca/
eng/species‑bank/diversity‑of‑oribatida‑in‑canada [accessed 1 September 2018]

Behan‑Pelletier VM, Eamer B (2005) Zachvatkinibates (Acari: Oribatida: Mycobatidae) of 
North America, with descriptions of sexually dimorphic species. The Canadian Entomolo‑
gist 137: 631–647. https://doi.org/10.4039/n05‑055

Behan‑Pelletier VM, Eamer B (2007) Aquatic Oribatida: adaptations, constraints, distribution 
and ecology. In: Morales‑Malacara JB, Behan‑Pelletier VM, Ueckermann E, Pérez TM, 
Estrada‑Venegas EG, Badil M (Eds) Acarology XI: Proceedings of the International Con‑
gress. Intituto de Biología and Facultad de Ciencias, Universidad Nacional Autónoma de 
México, Sociedad Latinoamericana de Acarología, Merida, 71–82.

Behan‑Pelletier VM, Eamer B (2008) Mycobatidae (Acari: Oribatida) of North America. The 
Canadian Entomologist 140: 73–110. https://doi.org/10.4039/n07‑027

Behan‑Pelletier VM, Eamer B (2009) Ceratozetes and Ceratozetoides (Acari: Oribatida: Cera‑
tozetidae) of North America. The Canadian Entomologist 141: 246–308. https://doi.
org/10.4039/n09‑023

Behan‑Pelletier VM, Eamer B, Clayton M (2001) Mycobatidae (Acari: Oribatida) of Pacific 
Northwest canopy habitats. The Canadian Entomologist 133: 755–775. https://doi.
org/10.4039/Ent133755‑6

https://doi.org/10.1016/S0167-8809(99)00046-8
https://doi.org/10.1016/S0167-8809(99)00046-8
https://doi.org/10.4039/Ent132153-2
https://doi.org/10.11646/zootaxa.3637.3.2
https://doi.org/10.11646/zootaxa.3637.3.2
https://doi.org/10.11646/zootaxa.3946.1.2
https://doi.org/10.11646/zootaxa.4337.2.1
https://doi.org/10.4039/entm126169073-1
http://www.cbif.gc.ca/eng/species-bank/diversity-of-oribatida-in-canada
http://www.cbif.gc.ca/eng/species-bank/diversity-of-oribatida-in-canada
https://doi.org/10.4039/n05-055
https://doi.org/10.4039/n07-027
https://doi.org/10.4039/n09-023
https://doi.org/10.4039/n09-023
https://doi.org/10.4039/Ent133755-6
https://doi.org/10.4039/Ent133755-6


Acari of Canada 137

Behan‑Pelletier VM, Eamer B, Clayton M (2005) Dendroeremaeidae n.fam., from forest trees 
in western North America (Acari: Oribatida: Licneremaeidae). Acarologia 46: 321–339.

Behan‑Pelletier VM, Kanashiro D (2010) Acari in grassland soils of Canada. In: Shorthouse 
JD, Floate KD (Eds), Arthropods of Canadian Grasslands Volume 1: Ecology and Interac‑
tions in Grassland Habitats. Biological Survey of Canada, 137–166.

Behan‑Pelletier VM, Lindquist EE, Smith IM (1987) Subclass Acari (mites and ticks). In: Lafon‑
taine JD, Allyson S, Behan‑Pelletier VM, Borkent A, Campbell JM, Hamilton KGA, Martin 
JEH, Masner L (Eds) The Insects, Spiders and Mites of Cape Breton Highlands National 
Park. Biosystematics Research Centre, Research Branch, Agriculture Canada, Ottawa, 18–66.

Behan‑Pelletier VM, Norton RA (1983) Epidamaeus (Acari: Damaeidae) of Arctic western 
North America and extreme north east, USSR. The Canadian Entomologist 115: 1253–
1389. https://doi.org/10.4039/Ent1151253‑10

Behan‑Pelletier VM, Norton RA (1985) Epidamaeus (Acari: Damaeidae) of subarctic west‑
ern North America and extreme northeastern USSR. The Canadian Entomologist 117: 
277–319. https://doi.org/10.4039/Ent117277‑3

Behan‑Pelletier VM, Walter DE (2009) Unduloribates from North America (Acari, Oribatida, 
Unduloribatidae). Zootaxa 2294: 47–61.

Behan‑Pelletier VM, Walter DE (2012) Oribatella (Acari, Oribatida, Oribatellidae) of western 
North America. Zootaxa 3432: 1–62.

Behan‑Pelletier VM, Walter DE (2013) Phylogenetic relationships of Tectoribates: nymphal 
characters of new North American species place the genus in Tegoribatidae (Acari, Orib‑
atida). Zootaxa 3741: 459–489. https://doi.org/10.11646/zootaxa.3741.4.2

Behan‑Pelletier VM, Winchester N (1998) Arboreal oribatid mite diversity: colonizing the 
canopy. Applied Soil Ecology 9: 45–51. https://doi.org/10.1016/S0929‑1393(98)00052‑3

Beron PK (1974) Deuxième contribution a l’étude des acariens parasites des reptiles: Ophioptes 
beshkovi sp. n. (Ophioptidae) et Hemilaelaps piger (Berl.) (Ixodorhynchidae) de Bulgarie. 
Comptes rendus de l'Académie bulgare des sciences 27: 689–692.

Bertrand M (1990) La famille des Labidostomidae Oudemans, 1904 (Acari: Actinedida). Révi‑
sion des genres et sous‑genres et catalogue des espèces décrites. Acarologia 31: 31–38.

Biesiadka E, Błaszak C, Madej G, Błoszyk J, Kaźmierski A, Michocka S, Boczek J, Chmielewski 
W, Dabert J, Gabryś G, Mąkol J, Jesionowska K, Jesionowski J, Kadulski S, Kropczyńska‑
Linkiewicz D, Magowski W, Niedbała W, Olszanowski Z, Siuda K, Szafrańska‑Wojtusiak 
D, Wiśniewski J (1997) Acari. In: Razowski J (Ed.) Checklist of Animals of Poland. Polska 
Akademia Nauk. Instytyut Systematyki i Ewolucji Zwierząt, Kraków, 190–259.

Blagoev GA, deWaard JR, Ratnasingham S, deWaard SL, Lu L, Robertson J, Telfer AC, Hebert 
PDN (2015) Untangling taxonomy: a DNA barcode reference library for Canadian spiders. 
Molecular Ecology Resources 16: 325–341. https://doi.org/10.1111/1755‑0998.12444

Bochkov AV (2010) A review of mammal‑associated Psoroptidia (Acariformes: Astigmata). 
Acarina 18: 99–260.

Bochkov AV (2011) Evolution of parasitism in mammal‑associated mites of the group Psorop‑
tidia (Acari: Astigmata). Parazitologiya 45: 257–272.

Bochkov AV, Fain A (2003) New observations on mites of the family Myobiidae Megnin, 1877 
(Acari: Prostigmata) with special reference to their host‑parasite relationships. Bulletin de 
l’Institut royal des sciences naturelles de Belgique, Entomologie 73: 5–50.

https://doi.org/10.4039/Ent1151253-10
https://doi.org/10.4039/Ent117277-3
https://doi.org/10.11646/zootaxa.3741.4.2
https://doi.org/10.1016/S0929-1393(98)00052-3
https://doi.org/10.1111/1755-0998.12444


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)138

Bochkov AV, Galloway TD (2001) Parasitic cheyletoid mites (Acari: Cheyletoidea) associated 
with passeriform birds (Aves: Passeriformes) in Canada. Canadian Journal of Zoology 79: 
2014–2028. https://doi.org/10.1139/z01‑160

Bochkov AV, Galloway TD (2004) New species and records of cheyletoid mites (Acari: Chey‑
letoidea) from birds in Canada. Journal of the Kansas Entomological Society 77: 26–44. 
https://doi.org/10.2317/0211.01.1

Bochkov AV, Galloway TD (2013) New records and new species of mites of the subfamily 
Harpirhynchinae (Acariformes: Harpirhynchidae) infesting birds in Manitoba, Canada. 
Acta Parasitologica 58: 405–419. https://doi.org/10.2478/s11686‑013‑0172‑4

Bochkov AV, OConnor BM (2008) A new mite superfamily Cloacaroidea and its position 
within the prostigmata (Acariformes). Journal of Parasitology 94: 335–344. https://doi.
org/10.1645/GE‑930.1

Bochkov AV, OConnor BM (2013) Mites of the subfamily Harpirhynchinae (Acariformes: 
Harpirhynchidae) from North American birds. Journal of Medical Entomology 50: 501–
509. https://doi.org/10.1603/ME12237

Bochkov AV, OConnor BM, Klompen H (2015) A review of the mite subfamily Harpirhynchi‑
nae (Acariformes: Harpirhynchidae) – parasites of New World birds (Aves: Neognathae). 
Zootaxa 4023: 1–130. https://doi.org/10.11646/zootaxa.4023.1.1

Bochkov AV, Zabludovskaya S, OConnor BM (2008) Phylogeny and systematics of the endo‑
parasitic astigmatid mites (Acari: Sarcoptiformes) of mammals: families Gastronyssidae, 
Lemurnyssidae, and Pneumocoptidae. Zootaxa 1951: 1–152.

Bolland HR (1986) Review of the systematics of the family Camerobiidae (Acari, Raphigna‑
thoidea). 1. The genera Camerobia, Decaphyllobius, Tillandsobius and Tycherobius. Tijd‑
schrift voor Entomologie 129: 191–215.

Bolland HR (1991) Review of the systematics of the family Camerobiidae, II. The genus Neo-
phyllobius Berlese, 1886 (Acari: Raphignathoidea). Genus 2: 59–226.

Bolton SJ, Chetverikov PE, Klompen H (2017) Morphological support for a clade comprising 
two vermiform mite lineages: Eriophyoidea (Acariformes) and Nematalycidae (Acariformes). 
Systematic and Applied Acarology 22: 1096–1131. https://doi.org/10.11158/saa.22.8.2

Bolton SJ, Klompen H, Bauchan GR, Ochoa R (2014) A new genus and species of Nemataly‑
cidae (Acari: Endeostigmata). Journal of Natural History 48: 1359–1373. https://doi.org/
10.1080/00222933.2013.859318

Bourgeois CE, Threlfall W (1981) Mallophaga from three species of scoters (Anatidae). Pro‑
ceedings of the Entomological Society of Washington 83: 799–800.

Brennan JM, Jones EK (1955) Keys to the chiggers of North America with synonymic notes 
and descriptions of two new genera (Acarina: Trombiculidae). Annals of the Entomological 
Society of America 52: 7–16. https://doi.org/10.1093/aesa/52.1.7

Bruce WA, Johnston DE (1976) Gaudoglyphus n. gen., based on Analges minor Norner (Acari: 
Gaudoglyphidae n. fam.). International Journal of Acarology 2: 29–33. https://doi.
org/10.1080/01647957608683753

Brunke AJ, Bouchard P, Douglas HB, Pentinsaari M (2019) Coleoptera of Canada. In: Langor 
DW, Sheffield CS (Eds) The Biota of Canada – A Biodiversity Assessment. Part 1: The Ter‑
restrial Arthropods. ZooKeys 819: 361–376. https://doi.org/10.3897/zookeys.819.24724

https://doi.org/10.1139/z01-160
https://doi.org/10.2317/0211.01.1
https://doi.org/10.2478/s11686-013-0172-4
https://doi.org/10.1645/GE-930.1
https://doi.org/10.1645/GE-930.1
https://doi.org/10.1603/ME12237
https://doi.org/10.11646/zootaxa.4023.1.1
https://doi.org/10.11158/saa.22.8.2
https://doi.org/10.1080/00222933.2013.859318
https://doi.org/10.1080/00222933.2013.859318
https://doi.org/10.1093/aesa/52.1.7
https://doi.org/10.1080/01647957608683753
https://doi.org/10.1080/01647957608683753
https://doi.org/10.3897/zookeys.819.24724


Acari of Canada 139

Buscher HN (1965) Ectoparasites from anseriform birds in Manitoba. Canadian Journal of 
Zoology 43: 219–221. https://doi.org/10.1139/z65‑020

Byers K, Proctor H (2013) Symbiotic arthropods from the house sparrow (Passer domesticus, 
Aves: Passeridae) from two locations in Alberta, Canada. The Canadian Entomologist 145: 
668–673. https://doi.org/10.4039/tce.2013.45

Chant DA, Hansell RIC (1971) The Genus Amblyseius (Acarina: Phytoseiidae) in Canada and 
Alaska. Canadian Journal of Zoology 49: 703–758. https://doi.org/10.1139/z71‑110

Chant DA, Hansell RIC, Yoshida E (1974) The Genus Typhlodromus Acarina Phytoseii‑
dae in Canada and Alaska. Canadian Journal of Zoology 52: 1265–1291. https://doi.
org/10.1139/z74‑168

Chant DA, Yoshida‑Shaul E (1984) A world review of five similar species groups in the genus 
Typhlodromus Scheuten. Part III. The pini group (Acarina: Phytoseiidae). Canadian Journal 
of Zoology 62: 276–290. https://doi.org/10.1139/z84‑045

Chatterjee T, Pesic V, Boeckner M, Rao DVS (2011) New records of Copidognathus curtus Hall, 
1912 (Acari, Halacaridae) from Korea and Canada with a key to related species. Scripta 
Scientiarum Naturalium 2: 111–119.

Chen J, Norton RA, Behan‑Pelletier VM, Wang H‑F (2004) Analysis of the genus Gymno-
dampia (Acari: Oribatida), with redescription of G. setata and description of two new 
species from North America. The Canadian Entomologist 136: 793–821. https://doi.
org/10.4039/n04‑017

Chetverikov PE, Cvrković T, Makunin A, Sukhareva S, Vidović B, Petanović R (2015) Basal 
divergence of Eriophyoidea (Acariformes, Eupodina) inferred from combined partial COI 
and 28S gene sequences and CLSM genital anatomy. Experimental and Applied Acarology 
67: 291–245. https://doi.org/10.1007/s10493‑015‑9945‑9

Cianciolo JM, Norton RA (2006) The ecological distribution of reproductive mode in oribatid 
mites, as related to biological complexity. Experimental and Applied Acarology 40: 1–25. 
https://doi.org/10.1007/s10493‑006‑9016‑3

Colloff MJ (1993) A taxonomic revision of the oribatid mite genus Camisia (Acari: Oribatida). 
Journal of Natural History 27: 1325–1408. https://doi.org/10.1080/00222939300770761

Colloff MJ (2009) Dust Mites. CSIRO Publishing, Collingwood, 583 pp. https://doi.
org/10.1007/978‑90‑481‑2224‑0

Conroy JC (1982a) Mesobates churchillensis n. sp., a new species of water mite from Churchill, 
Manitoba (Acari: Hygrobatidae). International Journal of Acarology 8: 55–57. https://doi.
org/10.1080/01647958208683277

Conroy JC (1982b) New or interesting water mites (Acari: Hydrachnellae) from the ponds in 
the Fort Whyte Nature Reserve. International Journal of Acarology 8: 63–79. https://doi.
org/10.1080/01647958208683281

Conroy JC (1984) Limnesia cooki n. sp. and Piona habeebi n. sp., two new species of water mites 
(Acari: Hydrachnellae) from western Canada. Acarologia 25: 191–194.

Conroy JC (1991a) A revision of the species of the genus Neumania sensu stricto in North 
America, with descriptions of seven new species (first part). Acarologia 32: 245–256.

Conroy JC (1991b) A revision of the species of the genus Neumania sensu stricto in North 
America, with descriptions of seven new species (second part). Acarologia 32: 365–375.

https://doi.org/10.1139/z65-020
https://doi.org/10.4039/tce.2013.45
https://doi.org/10.1139/z71-110
https://doi.org/10.1139/z74-168
https://doi.org/10.1139/z74-168
https://doi.org/10.1139/z84-045
https://doi.org/10.4039/n04-017
https://doi.org/10.4039/n04-017
https://doi.org/10.1007/s10493-015-9945-9
https://doi.org/10.1007/s10493-006-9016-3
https://doi.org/10.1080/00222939300770761
https://doi.org/10.1007/978-90-481-2224-0
https://doi.org/10.1007/978-90-481-2224-0
https://doi.org/10.1080/01647958208683277
https://doi.org/10.1080/01647958208683277
https://doi.org/10.1080/01647958208683281
https://doi.org/10.1080/01647958208683281


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)140

Conroy JC (1992a) A revision of the species of the genus Neumania sensu stricto in North 
America, with descriptions of seven new species (third part). Acarologia 33: 91–101.

Conroy JC (1992b) A revision of the species of the genus Neumania sensu stricto in North 
America, with descriptions of seven new species (fourth part). Acarologia 33: 165–175.

Conroy JC, Bilyj B (1992) Atractides (Octomegapus) elaensis, a new species of water mite from 
western Ontario (Acari: Hydrachnellae: Hygrobatidae). International Journal of Acarology 
18: 89–91. https://doi.org/10.1080/01647959208683937

Conroy JC, Bilyj B (1998) Water mites from Canada, with description of a new species, Atrac-
tides (Atractides) ontarioensis (Acari: Hygrobatidae). International Journal of Acarology 24: 
137–142. https://doi.org/10.1080/01647959808684142

Conroy JC, McKillop WB (1984) Water mites from the Opoyastin River, near Cape Tatnum, 
Manitoba, with a description of the male of Hydrachna (Diplohydrachna) microscutata Mar‑
shall (Acari, Hydrachnidae). International Journal of Acarology 10: 39–42. https://doi.
org/10.1080/01647958408683348

Cook DR, Smith IM, Harvey MS (2000) Assessment of lateral compression of the idiosoma 
in adult water mites as a taxonomic character and reclassification of Frontipodopsis Walter, 
Wettina Piersig and some other basal Hygrobatoidea (Acari: Hydrachnida). Invertebrate 
Taxonomy 14: 433–448. https://doi.org/10.1071/IT99014

Cross EA, Bohart GE (1979) Some observations of the habits and distribution of Trocho-
metridium Cross, 1965 (Acarina: Pyemotidae). Acarologia 20: 286–293.

Cross EA, Moser JC (1971) Taxonomy and biology of some Pyemotidae (Acarina: Tarsonemoidea) 
inhabiting bark beetle galleries in North American conifers. Acarologia 13: 47–64.

Crozier L (1989) Melittiphis alvearius (Berlese) and other mites found in honeybee colonies in 
Nova Scotia. Journal of Apicultural Research 28: 166–168. https://doi.org/10.1080/0021
8839.1989.11100839

Cruickshank RH (2002) Molecular markers for the phylogenetics of mites and ticks. System‑
atic and Applied Acarology 7: 3–14. https://doi.org/10.11158/saa.7.1.1

Currie RW, Pernal SF, Guzman‑Novoa E (2010) Honey bee colony losses in Canada. Journal of 
Apicultural Research 49: 104–106. https://doi.org/10.3896/IBRA.1.49.1.18

Czenze ZJ, Broders HG (2011) Ectoparasite community structure of two bats (Myotis lucifugus 
and M. septentrionalis) from the maritimes of Canada. Journal of Parasitology Research 
2011: 1–9. https://doi.org/10.1155/2011/341535

Dabert J, Ehrnsberger R (1995) Zur Systematik und Phylogenie der Gattung Thecarthra 
Trouessart, 1896 (Astigmata, Pterolichoidea, Syringobiidae) mit Beschreibung zweier 
neuer Arten. Mitteilungen aus dem Hamburgischen Zoologischen Museum und Institut 
92: 87–116.

Dabert J, Ehrnsberger R (1999) Systematics of the feather mite genus Montchadskiana Dubinin, 
1951 (Pterolichoidea, Pterolichidae, Magimeliinae) with description of five new species. 
Acta Zoologica Cracoviensia 42: 219–249.

Dabert M, Proctor H, Dabert J (2016) Higher‑level molecular phylogeny of the water mites 
(Acariformes: Prostigmata: Parasitengonina: Hydrachnidiae). Molecular Phylogenetics and 
Evolution 101: 75–90. https://doi.org/10.1016/j.ympev.2016.05.004

https://doi.org/10.1080/01647959208683937
https://doi.org/10.1080/01647959808684142
https://doi.org/10.1080/01647958408683348
https://doi.org/10.1080/01647958408683348
https://doi.org/10.1071/IT99014
https://doi.org/10.1080/00218839.1989.11100839
https://doi.org/10.1080/00218839.1989.11100839
https://doi.org/10.11158/saa.7.1.1
https://doi.org/10.3896/IBRA.1.49.1.18
https://doi.org/10.1155/2011/341535
https://doi.org/10.1016/j.ympev.2016.05.004


Acari of Canada 141

Danks HV (1981) Arctic Arthropods. A Review of Systematics and Ecology with Particu‑
lar Reference to the North America Fauna. Entomological Society of Canada, Ottawa, 
608 pp.

Déchêne AD, Buddle CM (2009) Effects of experimental forest harvesting on oribatid mite 
biodiversity. Forest Ecology and Management 258: 1331–1341. https://doi.org/10.1016/j.
foreco.2009.06.033

Delfinado MD, Baker EW (1974) Terrestrial mites of New York (Acarina: Prostigmata), I: Tar‑
socheylidae, Paratydeidae, and Pseudocheylidae. Journal of the New York Entomological 
Society 82: 202–211.

Delfinado MD, Baker EW (1976) New species of Scutacaridae (Acarina) associated with 
insects. Acarologia 18: 264–301.

Delfinado MD, Baker EW (1978) Terrestrial mites of New York – VII. Key to the species 
of Scutacaridae and descriptions of new species. Journal of the New York Entomological 
Society 86: 87–101.

Demite PR, de Moraes GJ, McMurtry JA, Denmark HA, Castilho RC (2018) Phytoseiidae 
Database. www.lea.esalq.usp.br/phytoseiidae [accessed 1 September 2018]

Denmark HA, Evans GA (2011) Phytoseiidae of North America and Hawaii (Acari: Mesostig‑
mata). Indira Publishing House, West Bloomfield, 451 pp.

Desch CE, Andrews JJ, Baeten LA, Holder Z, Powers JG, Weber D, Ballweber LR (2010) New 
records of hair follicle mites (Demodecidae) from North American Cervidae. Journal of 
Wildlife Diseases 46: 585–590. https://doi.org/10.7589/0090‑3558‑46.2.585

Diaz‑Aguilar I, Ujvari Z (2010) New zerconid mites (Acari: Mesostigmata: Zerconidae) from 
Canada, with a review of the genus Mixozercon Halašková, 1963. Zootaxa 2555: 1–29.

Doğan S (2008) A catalogue of cryptognathid mites (Acari: Prostigmata, Cryptognathidae) 
with the descriptions of a new species of Favognathus Luxton and a newly discovered male 
of F. amygdalus Doğan and Ayyıldız from Turkey. Journal of Natural History 42: 1665–
1686. https://doi.org/10.1080/00222930802109132

Domes K, Norton RA, Maraun M, Scheu S (2007) Reevolution of sexuality breaks Dollo’s law. 
Proceedings of the National Academy of Sciences of the United States of America 104: 
7139–7144. https://doi.org/10.1073/pnas.0700034104

Doña J, Diaz‑Real J, Mironov S, Bazaga P, Serrano D, Jovani R (2015) DNA barcoding and 
minibarcoding as a powerful tool for feather mite studies. Molecular Ecology Resources 15: 
1216–1225. https://doi.org/10.1111/1755‑0998.12384

Dood SB, Rockett CL (1985) Nycteriglyphus fuscus (Acari: Rosensteiniidae), a new species asso‑
ciated with big brown bats in Ohio. International Journal of Acarology 11: 31–35. https://
doi.org/10.1080/01647958508683392

dos Santos VV, Tixier MS (2017) Which molecular markers for assessing which taxonomic 
level? The case study of the mite family Phytoseiidae (Acari: Mesostigmata). Cladistics 33: 
251–267. https://doi.org/10.1111/cla.12166

Dowling APG, OConnor BM (2010a) Phylogenetic relationships within the suborder Derman‑
yssina (Acari: Parasitiformes) and a test of dermanyssoid monophyly. International Journal 
of Acarology 36: 299–312. https://doi.org/10.1080/01647951003604569

https://doi.org/10.1016/j.foreco.2009.06.033
https://doi.org/10.1016/j.foreco.2009.06.033
http://www.lea.esalq.usp.br/phytoseiidae
https://doi.org/10.7589/0090-3558-46.2.585
https://doi.org/10.1080/00222930802109132
https://doi.org/10.1073/pnas.0700034104
https://doi.org/10.1111/1755-0998.12384
https://doi.org/10.1080/01647958508683392
https://doi.org/10.1080/01647958508683392
https://doi.org/10.1111/cla.12166
https://doi.org/10.1080/01647951003604569


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)142

Dowling APG, OConnor BM (2010b) Phylogeny of Dermanyssoidea (Acari: Parasitiformes) 
suggests multiple origins of parasitism. Acarologia 50: 113–129. https://doi.org/10.1051/
acarologia/20101957

Dunlop JA, Alberti G (2007) The affinities of mites and ticks: a review. Jour‑
nal of Zoological Systematics and Evolutionary Research 46: 1–18. https://doi.
org/10.1111/j.1439‑0469.2007.00429.x

Dunlop JA, Bernardi LFO (2014) An opilioacarid mite in Cretaceous Burmese amber. Die 
Naturwissenschaften 101: 759–763. https://doi.org/10.1007/s00114‑014‑1212‑0

Ebermann E, Jagersbacher‑Baumann J (2015) Imparipes (I.) americanus (Banks, 1904): an 
unexpected discovery and redescription of the first recorded scutacarid species from North 
America (Acari, Heterostigmatina, Scutacaridae). International Journal of Acarology 41: 
195–201. https://doi.org/10.1080/01647954.2015.1020340

Eisenhauer N, Antunes PM, Bennett AE, Birkhofer K, Bissett A, Bowker MA, Caruso T, Chen 
B, Coleman DC, de Boer W, de Ruiter P, DeLuca TH, Frati F, Griffiths BS, Hart MM, 
Hättenschwiler S, Haimi J, Heethoff M, Kaneko N, Kelly LC, Leinaas HP, Lindo Z, Mac‑
donald C, Rillig MC, Ruess L, Scheu S, Schmidt O, Seastedt TR, van Straalen NM, Tiu‑
nov AV, Zimmer M, Powell JR (2017) Priorities for research in soil ecology. Pedobiologia 
63: 1–7. https://doi.org/10.1016/j.pedobi.2017.05.003

Elsen P, Whitaker JO Jr (1985) Sertitympanum, a new genus of Ameroseiidae (Acarina, Mes‑
ostigmata) taken from rodents in the United States: including descriptions of three new 
species in the genus. Acarologia 26: 117–122.

Fagan LL, Didham RK, Winchester NN, Behan‑Pelletier V, Clayton M, Lindquist E, Ring RA 
(2006) An experimental assessment of biodiversity and species turnover in terrestrial vs 
canopy leaf litter. Oecologia 147: 335–347. https://doi.org/10.1007/s00442‑005‑0262‑6

Fain A (1961) Les acariens parasites endopulmonaires des serpents (Entonyssidae: Mesostig‑
mata). Bulletin de l’Institut royal des sciences naturelles de Belgique 37: 1–135.

Fain A, Colloff MJ (1990) A new genus and two new species of mites (Acari, Histiostomatidae) 
phoretic on Traskorchestia traskiana (Stimpson, 1857) (Crustacea, Amphipoda) from Canada. 
Journal of Natural History 24: 667–672. https://doi.org/10.1080/00222939000770451

Fain A, Ganning B (1989) Notes on hyadesiid mites (Acari, Hyadesiidae) from North America 
with description of a new species. Bulletin de l’Institut royal des sciences naturelles de 
Belgique Entomologie 59: 161–164.

Fain A, Philips JR (1977) Astigmatic mites from nests of birds of prey in U.S.A. 1. Description 
of four new species of Glycyphagidae. International Journal of Acarology 3: 105–114. 
https://doi.org/10.1080/01647957708683086

Fain A, Spicka EJ (1977) A reclassification of the genus Aplodontopus (Acari: Sarcoptiformes) 
with a description of Aplodontopus micronyx sp. n. from the thirteen‑lined ground squir‑
rel, Spermophilus tridecemlineatus, in Indiana, USA. Journal of Parasitology 63: 137–140. 
https://doi.org/10.2307/3280119

Fain A, Yunker CE (1980) Lutracarus canadensis, n. g., n. sp. (Acari: Listrophoridae) from the 
River Otter, Lutra canadensis. Journal of Medical Entomology 17: 424–426. https://doi.
org/10.1093/jmedent/17.5.424

https://doi.org/10.1051/acarologia/20101957
https://doi.org/10.1051/acarologia/20101957
https://doi.org/10.1111/
https://doi.org/10.1111/
https://doi.org/10.1007/s00114-014-1212-0
https://doi.org/10.1080/01647954.2015.1020340
https://doi.org/10.1016/j.pedobi.2017.05.003
https://doi.org/10.1007/s00442-005-0262-6
https://doi.org/10.1080/00222939000770451
https://doi.org/10.1080/01647957708683086
https://doi.org/10.2307/3280119
https://doi.org/10.1093/jmedent/17.5.424
https://doi.org/10.1093/jmedent/17.5.424


Acari of Canada 143

Fain A, Whitaker JO Jr (1988) Mites of the genus Schizocarpus Trouessart, 1896 (Acari, Chiro‑
discidae) from Alaska and Indiana, USA. Acarologia 29: 395–409.

Fain A, Wilson N (1979) Ursicoptes procyoni spec. nov. (Acari: Astigmata: Audycoptidae) from 
the raccoon, Procyon lotor, in U.S.A. International Journal of Acarology 5: 351–354. 
https://doi.org/10.1080/01647957908683180

Fajfer M (2012) Acari (Chelicerate) – parasites of reptiles. Acarina 20: 108–129.
Fan Q‑H, Chen Y (2005) A review of the Pomerantziidae (Acari: Prostigmata: Pomerantzi‑

oidea), with the description of a new genus. Zootaxa 1037: 1–22.
Fan Q‑H, Flechtmann CHW, de Moraes GJ (2016) Annotated catalogue of Stigmaeidae 

(Acari: Prostigmata), with a pictorial key to genera. Zootaxa 4176: 1–199. https://doi.
org/10.11646/zootaxa.4176.1.1

Fan Q‑H, Walter DE, Proctor HC (2003) A review of the family Barbutiidae (Acari: Raphigna‑
thoidea), with the description of two new species from Australia. Systematic and Applied 
Acarology 8: 107–130. https://doi.org/10.11158/saa.8.1.14

Fan Q‑H, Zhang Z‑Q (2004) Revision of raphignathoid mites (Acari: Prostigmata) in the col‑
lection of H. Habeeb. Zootaxa: 1–28.

Farfan MA, Klompen H (2012) Phoretic mite associates of millipedes (Diplopoda, Julidae) 
in the northern Atlantic region (North America, Europe). International Journal of Myri‑
apodology 7: 69–91. https://doi.org/10.3897/ijm.7.3064

Fashing NJ, Wiseman LL (1980) Algophagus pennsylvanicus‑a new species of Hyadesidae 
from water‑filled treeholes. International Journal of Acarology 6: 79–84. https://doi.
org/10.1080/01647958008683197

Fisher JR, Fisher DM, Skvarla MJ, Nelson WA, Dowling APG (2017) Revision of torrent 
mites (Parasitengona, Torrenticolidae, Torrenticola) of the United States and Canada: 90 
descriptions, molecular phylogenetics, and a key to species. ZooKeys 701: 1–496. https://
doi.org/10.3897/zookeys.701.13261

Floate KD (2011) Arthropods in cattle dung on Canada’s grasslands. In: Floate KD (Ed.) 
Arthropods of Canadian Grasslands Volume 2: Inhabitants of a Changing Landscape. Bio‑
logial Survey of Canada, 71–88.

Fontcuberta Garcia‑Cuenca A, Dumas Z, Schwander T (2016) Extreme genetic diversity in 
asexual grass thrips populations. Journal of Evolutionary Biology 29: 887–899. https://
doi.org/10.1111/jeb.12843

Forest J, Pilon J‑G, Paradis RO (1982) Acariens des vergers de pommiers du sud‑ouest du 
Québec. Annales de la Société entomologique du Québec 27: 7–67.

Funk RC (1980) Generic revision of the family Euzerconidae (Mesostigmata: Celaenopsoidea) 
with description of seven new genera. International Journal of Acarology 6: 313–349. 
https://doi.org/10.1080/01647958008683236

Galloway TD, Proctor HC, Mironov SV (2014) Chewing lice (Insecta: Phthiraptera: 
Amblycera, Ischnocera) and feather mites (Acari: Astigmatina: Analgoidea, Pterolichoidea): 
ectosymbionts of grassland birds in Canada. In: Cárcamo HA, Giberson DJ (Eds) 
Arthropods of Canadian Grasslands Volume 3: Biodiversity and Systematics Part 1. 
Biological Survey of Canada, 139–188.

https://doi.org/10.1080/01647957908683180
https://doi.org/10.11646/zootaxa.4176.1.1
https://doi.org/10.11646/zootaxa.4176.1.1
https://doi.org/10.11158/saa.8.1.14
https://doi.org/10.3897/ijm.7.3064
https://doi.org/10.1080/01647958008683197
https://doi.org/10.1080/01647958008683197
https://doi.org/10.3897/zookeys.701.13261
https://doi.org/10.3897/zookeys.701.13261
https://doi.org/10.1111/jeb.12843
https://doi.org/10.1111/jeb.12843
https://doi.org/10.1080/01647958008683236


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)144

Gaud J, Atyeo WT (1996) Feather mites of the world (Acarina, Astigmata): the supraspecific 
taxa. Koninklijk Museum voor Midden‑Afrika Tervuren, België, Annalen Zoologische 
Wetenschappen 277: 1–193.

Gentes M‑L, Proctor H, Wobeser G (2007) Demodicosis in a mule deer (Odocoileus hemionus 
hemionus) from Saskatchewan, Canada. Journal of Wildlife Diseases 43: 758–761. https://
doi.org/10.7589/0090‑3558‑43.4.758

Gerdeman BS, Klompen H (2003) A new North American heterozerconid, Narceohet-
erozercon ohioensis n. g., n. sp., with first description of immatures of Heterozerconidae 
(Acari: Mesostigmata). International Journal of Acarology 29: 351–370. https://doi.
org/10.1080/01647950308684352

Gerson U (1972) Mites of the genus Ledermuelleria (Prostigmata: Stigmaeidae) associated with 
mosses in Canada. Acarologia 13: 319–343.

Gerson U (2008) The Tenuipalpidae: an under‑explored family of plant‑feeding mites. System‑
atic and Applied Acarology 13: 83–101.https://doi.org/10.11158/saa.13.2.1

Gerson U, Smiley RL, Ochoa R (2003) Mites (Acari) for Pest Control. Blackwell Science, 
Oxford, 539 pp. https://doi.org/10.1002/9780470750995

Giesen KMT, Lukoschus FS, Whitaker JO Jr, Gettinger D (1983) Four new species of itch 
mites (Acari: Psorergatidae: Prostigmata) from small mammals in North America. Journal 
of Medical Entomology 20: 164–173. https://doi.org/10.1093/jmedent/20.2.164

Glowska E, Dragun‑Damian A, Broda L, Dabert J, Dabert M (2014) DNA barcodes reveal 
female dimorphism in syringophilid mites (Actinotrichida: Prostigmata: Cheyletoidea): 
Stibarokris phoeniconaias and Ciconichenophilus phoeniconaias are conspecific. Folia Parasi‑
tologica 61: 272–276. https://doi.org/10.14411/fp.2014.030

Goater CP, Dyck J, Proctor H, Floate KD (2018) Hyperparasitism of an avian ectoparasitic 
hippoboscid fly, Ornithomya anchineuria, by the mite, Myialges cf. borealis, in Alberta, 
Canada. Journal of Parasitology 104: 111–116. https://doi.org/10.1645/17‑171

Gotelli NJ (2004) A taxonomic wish‑list for community ecology. Philosophical Transactions 
of the Royal Society of London. Series B: Biological Sciences 359: 585–597. https://doi.
org/10.1098/rstb.2003.1443

Gregson JD (1956) The Ixodoidea of Canada. Science Service, Entomology Division Canada 
Department of Agriculture Publication No. 930, 92 pp.

Guglielmone AA, Venzal JM, Amico G, Mangold AJ, Keirans JE (2004) Description of the 
nymph and larva and redescription of the female of Ixodes neuquenensis Ringuelet, 1947 
(Acari: Ixodidae), a parasite of the endangered Neotropical marsupial Dromiciops gliroides 
Thomas (Microbiotheria: Microbiotheriidae). Systematic Parasitology 57: 211–219. 
https://doi.org/10.1023/B:SYPA.0000019082.96187.9c

Gyorkos TW, Hilton DFJ (1982) Range extensions for some ectoparasites from rodents of south‑
eastern Quebec. Canadian Journal of Zoology 60: 486–488. https://doi.org/10.1139/z82‑070

Haas SM, Cardinal S, Beaulieu F, Forrest J (in press) Mite‑y bees: bumble bees (Bombus spp., 
Hymenoptera: Apidae) host a relatively homogeneous mite (Acari) ccommunity, shaped by 
bee species identity but not by geographic proximity. Ecological Entomology.

https://doi.org/10.7589/0090-3558-43.4.758
https://doi.org/10.7589/0090-3558-43.4.758
https://doi.org/10.1080/01647950308684352
https://doi.org/10.1080/01647950308684352
https://doi.org/10.11158/saa.13.2.1
https://doi.org/10.1002/9780470750995
https://doi.org/10.1093/jmedent/20.2.164
https://doi.org/10.14411/fp.2014.030
https://doi.org/10.1645/17-171
https://doi.org/10.1098/rstb.2003.1443
https://doi.org/10.1098/rstb.2003.1443
https://doi.org/10.1023/B:SYPA.0000019082.96187.9c
https://doi.org/10.1139/z82-070


Acari of Canada 145

Hagele T, Kaufman B, Whitaker JO Jr, Klompen H (2005) The genus Euryparasitus in North 
America (Mesostigmata: Euryparasitidae). Zootaxa 1036: 1–20.

Halašková V (1977) A revision of the genera of the family Zerconidae (Acari: Gamasides) and 
descriptions of new taxa from several areas of Nearctic region. Studie CSAV Praha 7: 1–74.

Halliday RB (2015) Catalogue of genera and their type species in the mite suborder Uro‑
podina (Acari: Mesostigmata). Zootaxa 3972: 101–147. https://doi.org/10.11646/
zootaxa.3972.2.1

Halliday RB (2016) Catalogue of families and their type genera in the mite suborder Uro‑
podina (Acari: Mesostigmata). Zootaxa 4061: 347–366. https://doi.org/10.11646/
zootaxa.4061.4.2

Haq J (1965) Records of some interstitial mites from Nobska Beach together with a description 
of the new genus and species Psammonsella nobskae, of the family Rhodacaridae (Acarina: 
Mesostigmata). Acarologia 7: 411–418.

Hebert PD, Cywinska A, Ball SL, deWaard JR (2003) Biological identifications through DNA 
barcodes. Proceedings of the Royal Society of London. Series B, Biological Sciences 270: 
313–321. https://doi.org/10.1098/rspb.2002.2218

Heethoff M, Domes K, Laumann M, Maraun M, Norton RA, Scheu S (2007) High genetic 
divergences indicate ancient separation of parthenogenetic lineages of the oribatid mite 
Platynothrus peltifer (Acari, Oribatida). Journal of Evolutionary Biology 20: 392–402. 
https://doi.org/10.1111/j.1420‑9101.2006.01183.x

Hennessey MK, Farrier MH (1988) Systematic revision of thirty species of free‑living, soil‑
inhabiting gamasine mites (Acari: Mesostigmata) of North America. North Carolina Agri‑
cultural Research Service Technical Bulletin 285: 1–123.

Hennessey MK, Farrier MH (1989) Mites of the family Parasitidae (Acari: Mesostigmata) 
inhabiting forest soils of North and South Carolina. North Carolina Agricultural Research 
Service Technical Bulletin 291: 1–78.

Hernandes FA, Skvarla MJ, Fisher JR, Dowling APG, Ochoa R, Ueckermann EA, Bauchan 
GR (2016) Catalogue of snout mites (Acariformes: Bdellidae) of the world. Zootaxa 4152: 
1–83. https://doi.org/10.11646/zootaxa.4152.1.1

Heron J, Sheffield C (2016) First Canadian record of the water mite Thermacarus nevadensis 
Marshall, 1928 (Arachnida: Acariformes: Hydrachnidiae: Thermacaridae) from hot springs 
in British Columbia. Biodiversity Data Journal 2016: e9550. https://doi.org/10.3897/
BDJ.4.e9550

Hiramatsu N, Hirschmann W (1979) Gangsystematik der Parasitiformes Teil 309. Teilgang, 
stadien von 4 neuen Discourella‑Arten aus Mexico und Kanada (Uropodini, Uropodinae). 
Acarologie 25: 29–33.

Hirschmann W (1978) Gangsystematik der Parasitiformes. Teil 276. Ventralbestimmung‑
stabelle von 17 Nenteria‑Arten Teilgang, Stadien von 14 neuen Nenteria‑Arten der 
breviunguiculata‑ moseri‑Gruppe aus Kanada, Mexiko, Argentinien und das Mannchen 
von Nenteria eulaelaptis (Vitzthum 1930) aus Ungarn (Trichouropodini, Uropodinae). 
Acarologie 24: 48–57.

https://doi.org/10.11646/zootaxa.3972.2.1
https://doi.org/10.11646/zootaxa.3972.2.1
https://doi.org/10.11646/zootaxa.4061.4.2
https://doi.org/10.11646/zootaxa.4061.4.2
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1111/j.1420-9101.2006.01183.x
https://doi.org/10.11646/zootaxa.4152.1.1
https://doi.org/10.3897/BDJ.4.e9550
https://doi.org/10.3897/BDJ.4.e9550


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)146

Hirschmann W (1979) Gangsystematik der Parasitiformes. Teil 305. Teilgang, Stadien von 8 
neuen Uroobovella‑Arten aus Kanada, Mexiko, Trinidad und Guatemala (Dinychini, Uro‑
podinae). Acarologie 25: 9–13.

Hirschmann W, Wisniewski J (1987) Gangsystematik der Parasitiformes Teil 497. Weltweite 
revision der Ganggattung Trichouropoda Berlese 1916. VII. die sociata‑gruppe (Trichouro‑
podini, Uropodinae). Acarologie 34: 51–132.

Hoy MA (2011) Agricultural Acarology: Introduction to Integrated Mite Management. CRC 
Press, Taylor & Francis Groups, Boca Raton, 410 pp.

Humble LM, Allen EA (2006) Forest biosecurity: alien invasive species and vectored organ‑
isms. Canadian Journal of Plant Pathology 28: S256–S269. https://doi.org/10.1080/ 
07060660609507383

Hurlbutt HW (1984) A study of North American Veigaia (Acarina: Mesostigmata) with com‑
parisons of habitats of unisexual and bisexual forms. Acarologia 25: 207–222.

Husband RW (1989) Status of the genus Podapolipus (Acari: Podapolipidae). In: Channabasavanna 
GP, Viraktamath CA (Eds) Progress in Acarology. Volume 1. E.J. Brill, Leiden, 279–285.

Husband RW (1998) Two new species of Eutarsopolipus (Acari: Podapolipidae) from Agonum 
extensicole and Pterostichus lucublandus (Coleoptera: Carabidae) from Canada, includ‑
ing taxonomic keys of the 13 American species of Podapolipidae from carabid beetles. 
Annals of the Entomological Society of America 91: 279–287. https://doi.org/10.1093/
aesa/91.3.279

Husband RW, Husband DO (2004) Distribution of Eutarsopolipus (Acari: Podapolipidae) and 
Crotalomorpha camini (Acari: Crotalomorphidae), ectoparasites of Stenolophus (Coleop‑
tera: Carabidae) in Michigan, U.S.A. The Great Lakes Entomologist 37: 10–15.

Husband RW, Husband DO (2005) Distribution of Crotalomorphidae and Podapolipidae 
(Acari: Heterostigmata), ectoparasites of Stenolophus (Coleoptera: Carabidae) in North 
America. The Great Lakes Entomologist 38: 51–57.

Husband RW, Husband DO (2007) A new species of Dorsipes (Acari: Podapolipidae), ectopara‑
site of Pterostichus luctuosus Dejean (Coleoptera: Carabidae) from Michigan, U.S.A. Inter‑
national Journal of Acarology 33: 139–144. https://doi.org/10.1080/01647950708684514

Hutu M (2000) New Trachyes species (Anactinotrichida: Uropodina: Trachytidae) from Can‑
ada. Acarologia 41: 7–24.

Hutu M, Calugar A (2002) Two new species of the genus Protodinychus (Uropodina: 
Protodinychidae). Abhandlungen und Berichte des Naturkundemuseums Goerlitz 74: 
219–236.

Iverson K, OConnor BM, Ochoa R, Heckmann RA (1996) Lardoglyphus zacheri (Acari: 
Lardoglyphidae), a pest of museum dermestid colonies, with observations on its natural 
ecology and distribution. Annals of the Entomological Society of America 89: 544–549. 
https://doi.org/10.1093/aesa/89.4.544

Jesionowska K (2010) A morphological study of the genus Penthalodes (Acari, Prostigmata, 
Eupodoidea, Penthalodidae) with description of a new species. Zootaxa 2672: 29–49.

Johnston DE (1962) Ixodorhynchine mite ectoparasites of snakes. 1. Descriptions of a new 
genus and three new species from the Nearctic region (Acarina – Mesostigmata). Bulletin 
et annales de la Société entomologique de Belgique 98: 235–239.

https://doi.org/10.1080/
https://doi.org/10.1093/aesa/91.3.279
https://doi.org/10.1093/aesa/91.3.279
https://doi.org/10.1080/01647950708684514
https://doi.org/10.1093/aesa/89.4.544


Acari of Canada 147

Jones GS, Thomas HH (1982) Mites, ticks and fleas of the mice Zapus hudsonius and Napaeo-
zapus insignis from the Maritime provinces and Gaspé Peninsula, Quebec, Canada. The 
Canadian Entomologist 114: 1031–1035. https://doi.org/10.4039/Ent1141031‑11

Kaliszewski M, Athias‑Binche F, Lindquist EE (1995) Parasitism and parasitoidism in 
Tarsonemina (Acari: Heterostigmata) and evolutionary considerations. Advances in 
Parasitology 35: 335–367. https://doi.org/10.1016/S0065‑308X(08)60074‑3

Karg W (1989) Acari (Acarina), Milben – Unterordnung Parasitiformes (Anactinochaeta). 
Uropodina Kramer, Schildkrotenmilben. Die Tierwelt Deutschlands (Volume 67). Gustav 
Fischer Verlag, Jena, 203 pp.

Karg W (1993) Acari (Acarina), Milben – Parasitiformes (Anactinochaeta) Cohors Gamasina Leach. 
Raubmilben. Die Tierwelt Deutschlands (Volume 59). Gustav Fischer Verlag, Jena, 523 pp.

Karg W (2005) Neue Erkenntnisse zur weit verbreiteten Milbenfamilie Ameroseiidae Evans 
(Acarina, Parasitiformes). Abhandlungen und Berichte des Naturkundemuseums Goerlitz 
77: 57–75.

Kennedy MJ, Kralka RA (1986) A survey of ectoparasites on cattle in central Alberta, Novem‑
ber 1984–July 1985. The Canadian Veterinary Journal 27: 459–460.

Kethley JB (1977) An unusual parantennuloid, Philodana johnstoni n.g., n. sp. (Acari: Parasiti‑
formes: Philodanidae, n. fam.) associated with Neatus tenebrioides (Coleoptera: Tenebrio‑
nidae) in North America. Annals of the Entomological Society of America 70: 487–494. 
https://doi.org/10.1093/aesa/70.4.487

Kethley JB (1989) Proteonematalycidae (Acari: Acariformes), a new mite family from fore‑
dune sand of Lake Michigan. International Journal of Acarology 15: 209–217. https://doi.
org/10.1080/01647958908683851

Khaustov AA (2008) Mites of the Family Scutacaridae of Eastern Palaearctic. Akademperi‑
odyka, Kiev, 291 pp.

Khaustov AA (2017) Review of the Paratydeidae (Acari: Prostigmata), with description of three 
new species. Zootaxa 4303: 151–212. https://doi.org/10.11646/zootaxa.4303.2.1

Kim C‑M (2004) Trigynaspida (Acari: Mesostigmata): new diagnosis, classification, and phy‑
logeny. Acarologia 44: 157–194.

Kim KC, Haas VL, Keyes MC (1980) Populations, microhabitat preference and effects of infes‑
tation of two species of Orthohalarachne (Halarachnidae: Acarina) in the northern fur seal. 
Journal of Wildlife Diseases 16: 45–51. https://doi.org/10.7589/0090‑3558‑16.1.45

Kinn DN (1970) A new genus and species of Cercomegistidae (Acarina: Mesostigmata) from 
North America. Acarologia 12: 244–252.

Kinn DN (1971) Life cycle and behaviour of Cercoleipus coelonotus (Acarina: Mesostigmata) 
including a survey of phoretic mite associates of California Scolytidae. University of Cali‑
fornia Publications in Entomology 65: 1–66.

Klimov PB, OConnor BM (2008) Morphology, evolution, and host associations of bee‑
associated mites of the family Chaetodactylidae (Acari: Astigmata) with a monographic 
revision of North American taxa. Miscellaneous Publications Museum of Zoology, Uni‑
versity of Michigan 199: 1–243.

Klimov PB, OConnor BM, Chetverikov PE, Bolton SJ, Pepato AR, Mortazavi AL, Tolstikov 
AV, Bauchan GR, Ochoa R (2018) Comprehensive phylogeny of acariform mites (Acari‑

https://doi.org/10.4039/Ent1141031-11
https://doi.org/10.1016/S0065-308X(08)60074-3
https://doi.org/10.1093/aesa/70.4.487
https://doi.org/10.1080/01647958908683851
https://doi.org/10.1080/01647958908683851
https://doi.org/10.11646/zootaxa.4303.2.1
https://doi.org/10.7589/0090-3558-16.1.45


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)148

formes) provides insights on the origin of the four‑legged mites (Eriophyoidea), a long 
branch. Molecular Phylogenetics and Evolution 119: 105–117. https://doi.org/10.1016/j.
ympev.2017.10.017

Klompen H, Lekveishvili M, Black IV WC (2007) Phylogeny of parasitiform mites (Acari) 
based on rRNA. Molecular Phylogenetics and Evolution 43: 936–951. https://doi.
org/10.1016/j.ympev.2006.10.024

Knee W (2008) Five new species of Rhinonyssidae (Mesostigmata) and one new species of 
Dermanyssus (Mesostigmata: Dermanyssidae) from birds of Alberta and Manitoba, Can‑
ada. Journal of Parasitology 94: 348–374. https://doi.org/10.1645/GE‑1358.1

Knee W (2017a) New Macrocheles species (Acari, Mesostigmata, Macrochelidae) associated 
with burying beetles (Silphidae, Nicrophorus) in North America. ZooKeys 721: 1–32. 
https://doi.org/10.3897/zookeys.721.21747

Knee W (2017b) A new Paraleius species (Acari, Oribatida, Scheloribatidae) associated with 
bark beetles (Curculionidae, Scolytinae) in Canada. ZooKeys 667: 51–65. https://doi.
org/10.3897/zookeys.667.12104

Knee W (2018) New species of parasitic nasal mites infesting birds in Manitoba, Can‑
ada (Mesostigmata, Rhinonyssidae). ZooKeys 786: 1–17. https://doi.org/10.3897/
zookeys.786.28767

Knee W, Beaulieu F, Skevington JH, Kelso S, Cognato A, Forbes MR (2012a) Species bound‑
aries and host range of tortoise mites (Uropodoidea) phoretic on bark beetles (Scolyti‑
nae), using morphometric and molecular markers. PLoS ONE 7: e47243. https://doi.
org/10.1371/journal.pone.0047243

Knee W, Beaulieu F, Skevington JH, Kelso S, Forbes MR (2012b) Cryptic species of mites 
(Uropodoidea: Uroobovella spp.) associated with burying beetles (Silphidae: Nicropho-
rus): the collapse of a host generalist revealed by molecular and morphological analy‑
ses. Molecular Phylogenetics and Evolution 65: 276–286. https://doi.org/10.1016/j.
ympev.2012.06.013

Knee W, Forbes MR, Beaulieu F (2013) Diversity and host use of mites (Acari: Mesostig‑
mata, Oribatida) phoretic on bark beetles (Coleoptera: Scolytinae): global generalists, local 
specialists? Annals of the Entomological Society of America 106: 339–350. https://doi.
org/10.1603/AN12092

Knee W, Galloway TD (2017a) Myialges trinotoni (Acariformes: Epidermoptidae), a hyperpara‑
sitic mite infesting Trinoton querquedulae (Phthiraptera: Menoponidae) on waterfowl. The 
Canadian Entomologist 149: 434–443. https://doi.org/10.4039/tce.2017.16

Knee W, Galloway TD (2017b) New host and locality records for endoparasitic nasal mites 
(Acari: Rhinonyssidae, Turbinoptidae, and Ereynetidae) infesting birds in Manitoba, 
Canada. The Canadian Entomologist 149: 89–103. https://doi.org/10.4039/tce.2016.47

Knee W, Hartzenberg T, Forbes MR, Beaulieu F (2012c) The natural history of mites (Acari: 
Mesostigmata) associated with the white‑spotted sawyer beetle (Coleoptera: Cerambyci‑
dae): diversity, phenology, host attachment, and sex bias. The Canadian Entomologist 144: 
711–719. https://doi.org/10.4039/tce.2012.57

Knee W, Proctor H (2006) Keys to the families and genera of blood and tissue feeding mites 
associated with Albertan birds. Canadian Journal of Arthropod Identification 2: 1–18. 
https://doi.org/10.3752/cjai.2006.02

https://doi.org/10.1016/j.ympev.2017.10.017
https://doi.org/10.1016/j.ympev.2017.10.017
https://doi.org/10.1016/j.ympev.2006.10.024
https://doi.org/10.1016/j.ympev.2006.10.024
https://doi.org/10.1645/GE-1358.1
https://doi.org/10.3897/zookeys.721.21747
https://doi.org/10.3897/zookeys.667.12104
https://doi.org/10.3897/zookeys.667.12104
https://doi.org/10.3897/zookeys.786.28767
https://doi.org/10.3897/zookeys.786.28767
https://doi.org/10.1371/journal.pone.0047243
https://doi.org/10.1371/journal.pone.0047243
https://doi.org/10.1016/j.ympev.2012.06.013
https://doi.org/10.1016/j.ympev.2012.06.013
https://doi.org/10.1603/AN12092
https://doi.org/10.1603/AN12092
https://doi.org/10.4039/tce.2017.16
https://doi.org/10.4039/tce.2016.47
https://doi.org/10.4039/tce.2012.57
https://doi.org/10.3752/cjai.2006.02


Acari of Canada 149

Knee W, Proctor H (2007) Host records for Ornithonyssus sylviarum (Mesostigmata: Macro‑
nyssidae) from birds of North America (Canada, United States, and Mexico). Journal of 
Medical Entomology 44: 709–713. https://doi.org/10.1093/jmedent/44.4.709

Knee W, Proctor H, Galloway T (2008) Survey of nasal mites (Rhinonyssidae, Ereynetidae, 
and Turbinoptidae) associated with birds in Alberta and Manitoba, Canada. The Canadian 
Entomologist 140: 364–379. https://doi.org/10.4039/n08‑017

Kok NJJ, Lukoschus FS, Clulow FV (1971) Three new itch mites from Canadian small mam‑
mals (Acarina: Psorergatidae). Canadian Journal of Zoology 49: 1239–1248. https://doi.
org/10.1139/z71‑187

Kontschan J, Proctor H, Newton J (2010) Trachyuropoda kinsella n. sp (Acari: Uropodina: 
Trachyuropodidae) from Alberta, Canada, with a key to Trachyuropoda species from 
temperate North America. International Journal of Acarology 36: 211–220. https://doi.
org/10.1080/01647950903571738

Krantz GW (1998) Reflections on the biology, morphology and ecology of the 
Macrochelidae. Experimental and Applied Acarology 22: 125–137. https://doi.
org/10.1023/A:1006097811592

Krantz GW (2016) A new species of Halolaelapidae (Acari: Mesostigmata: Rhodacaroidea) 
from beach wrack in Yaquina Bay, Oregon, USA, with comments on opisthonotal plastic‑
ity and cribral development in the family. Journal of Natural History 50: 1797–1812. 
https://doi.org/10.1080/00222933.2016.1170904

Krantz GW, Khot NS (1962) A review of the family Otopheidomenidae Treat 1955 (Acarina: 
Mesostigmata). Acarologia 4: 532–542.

Krantz GW, OConnor BM, Foreyt WJ, Fain A (2003) A new species of Aplodontopus (Acari: Astig‑
mata: Chortoglyphidae) from the yellow‑bellied marmot, Marmota flaviventris (Rodentia: 
Sciuridae) in eastern Washington, USA, with observations on its pathology. International 
Journal of Acarology 29: 99–105. https://doi.org/10.1080/01647950308683645

Krantz GW, Walter DE (Eds) (2009) A Manual of Acarology (3rd edn). Texas Tech University 
Press, Lubbock, 704 pp.

Krantz GW, Whitaker JO Jr (1988) Mites of the genus Macrocheles (Acari: Macrochelidae) 
associated with small mammals in North America. Acarologia 29: 225–259.

Krisper G, Schatz H, Schuster R (2017) Checklisten der fauna Österreichs, no. 9: Oribatida 
(Arachnida: Acari). Biosystematics and Ecology Series No. 33: 25–90.

Langor DW (2019) The diversity of terrestrial arthropods in Canada. In: Langor DW, Sheffield 
CS (Eds) The Biota of Canada – A Biodiversity Assessment. Part 1: The Terrestrial Arthro‑
pods. ZooKeys 819: 9–40. https://doi.org/10.3897/zookeys.819.31947

Langor DW, DeHaas LJ, Foottit RG (2009) Diversity of non‑native terrestrial arthropods 
on woody plants in Canada. Biological Invasions 11: 5–19. https://doi.org/10.1007/
s10530‑008‑9327‑x

Leetham JW, Milchunas DG (1985) The composition and distribution of soil microarthropods 
in the shortgrass steppe in relation to soil water, root biomass, and grazing by cattle. Pedo‑
biologia 28: 311–325.

Lehmitz R, Decker P (2017) The nuclear 28S gene fragment D3 as species marker in oribatid 
mites (Acari, Oribatida) from German peatlands. Experimental and Applied Acarology 71: 
259–276. https://doi.org/10.1007/s10493‑017‑0126‑x

https://doi.org/10.1093/jmedent/44.4.709
https://doi.org/10.4039/n08-017
https://doi.org/10.1139/z71-187
https://doi.org/10.1139/z71-187
https://doi.org/10.1080/01647950903571738
https://doi.org/10.1080/01647950903571738
https://doi.org/10.1023/A:1006097811592
https://doi.org/10.1023/A:1006097811592
https://doi.org/10.1080/00222933.2016.1170904
https://doi.org/10.1080/01647950308683645
https://doi.org/10.3897/zookeys.819.31947
https://doi.org/10.1007/s10530-008-9327-x
https://doi.org/10.1007/s10530-008-9327-x
https://doi.org/10.1007/s10493-017-0126-x


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)150

Leighton PA, Koffi JK, Pelcat Y, Lindsay LR, Ogden NH (2012) Predicting the speed 
of tick invasion: an empirical model of range expansion for the Lyme disease vec‑
tor Ixodes scapularis in Canada. Journal of Applied Ecology 49: 457–464. https://doi.
org/10.1111/j.1365‑2664.2012.02112.x

Lekveishvili M, Klompen H (2004) Phylogeny of infraorder Sejina (Acari: Mesostigmata). 
Zootaxa 629: 1–19. https://doi.org/10.11646/zootaxa.629.1.1

Lepage D (2018) Avibase: The World Bird Database. Bird Studies Canada. https://avibase.bsc‑
eoc.org [accessed 4 April 2018]

Lindo Z (2011) Five new species of Ceratoppia (Acari: Oribatida: Peloppiidae) from western 
North America. Zootaxa 3036: 1–25.

Lindo Z (2015) A rare new species of Metrioppia (Acari: Oribatida: Peloppiidae) from a Pacific 
Northwest temperate rainforest. The Canadian Entomologist 147: 553–563. https://doi.
org/10.4039/tce.2014.83

Lindo Z (2018) Diversity of Peloppiidae (Oribatida) in North America. Acarologia 58: 1–7.
Lindo Z, Clayton M (2017) Oribatid mites (Acari: Oribatida) of British Columbia. In: Kinken‑

berg B (Ed.) E‑Fauna BC: Electronic Atlas of the Fauna of British Columbia [www.efauna.
bc.ca]. Lab for Advanced Spatial Analysis, Department of Geography, University of British 
Columbia, Vancouver [accessed 25 April 2018].

Lindo Z, Clayton M, Behan‑Pelletier VM (2008) Systematics and ecology of Anachipteria 
geminus sp. nov. (Acari: Oribatida: Achipteriidae) from arboreal lichens in western North 
America. The Canadian Entomologist 140: 539–556. https://doi.org/10.4039/n08‑016

Lindo Z, Clayton M, Behan‑Pelletier VM (2010) Systematics and ecology of the genus Den-
drozetes (Acari: Oribatida: Peloppiidae) from arboreal habitats in western North America. 
Zootaxa 2403: 10–22.

Lindo Z, Winchester NN (2006) A comparison of microarthropod assemblages with emphasis 
on oribatid mites in canopy suspended soils and forest floors associated with ancient west‑
ern redcedar trees. Pedobiologia 50: 31–41. https://doi.org/10.1016/j.pedobi.2005.09.002

Lindo Z, Winchester NN (2007) Resident corticolous oribatid mites (Acari: Oribatida): decay 
in community similarity with vertical distance from the ground. Écoscience 14: 223–229. 
https://doi.org/10.2980/1195‑6860(2007)14[223:RCOMAO]2.0.CO;2

Lindo Z, Winchester NN (2009) Spatial and environmental factors contributing to patterns 
in arboreal and terrestrial oribatid mite diversity across spatial scales. Oecologia 160: 817–
825. https://doi.org/10.1007/s00442‑009‑1348‑3

Lindquist EE (1963) A taxonomic review of the genus Hoploseius Berlese (Acarina: Blattisoci‑
dae). The Canadian Entomologist 95: 1175–1185. https://doi.org/10.4039/Ent951175‑11

Lindquist EE (1969a) New species of Tarsonemus (Acarina: Tarsonemidae) associated with 
bark beetles. The Canadian Entomologist 101: 1291–1314. https://doi.org/10.4039/
Ent1011291‑12

Lindquist EE (1969b) Review of holarctic tarsonemid mites (Acarina: Prostigmata) parasitiz‑
ing eggs of ipine bark beetles. Memoirs of the Entomological Society of Canada No. 60, 
1–111. https://doi.org/10.4039/entm10160fv

Lindquist EE (1970) Review of the genus Heterotarsonemus (Acarina: Tarsonemidae). The 
Canadian Entomologist 102: 812–829. https://doi.org/10.4039/Ent102812‑7

https://doi.org/10.1111/j.1365-2664.2012.02112.x
https://doi.org/10.1111/j.1365-2664.2012.02112.x
https://doi.org/10.11646/zootaxa.629.1.1
https://avibase.bsc-eoc.org
https://avibase.bsc-eoc.org
https://doi.org/10.4039/tce.2014.83
https://doi.org/10.4039/tce.2014.83
http://www.efauna.bc.ca
http://www.efauna.bc.ca
https://doi.org/10.4039/n08-016
https://doi.org/10.1016/j.pedobi.2005.09.002
https://doi.org/10.2980/1195-6860(2007)14%5B223:RCOMAO%5D2.0.CO;2
https://doi.org/10.1007/s00442-009-1348-3
https://doi.org/10.4039/Ent951175-11
https://doi.org/10.4039/Ent1011291-12
https://doi.org/10.4039/Ent1011291-12
https://doi.org/10.4039/entm10160fv
https://doi.org/10.4039/Ent102812-7


Acari of Canada 151

Lindquist EE (1976) Transfer of the Tarsocheylidae to the Heterostigmata, and reassignment of 
the Tarsonemina and Heterostigmata to lower hierarchic status in the Prostigmata (Acari). 
The Canadian Entomologist 108: 23–48. https://doi.org/10.4039/Ent10823‑1

Lindquist EE (1984) Current theories on the evolution of major groups of Acari and on their 
relationships with other groups of Arachnida with consequent implications for their clas‑
sification. In: Griffiths DA, Bowman CE (Eds) Acarology 6, Vol. 1. Ellis Horwood Pub‑
lishers, Chicester, 28–62.

Lindquist EE (1985) Discovery of sporothecae in adult female Trochometridium Cross, with 
notes on analogous structures in Siteroptes Amerling (Acari: Heterostigmata). Experimental 
and Applied Acarology 1: 73–85. https://doi.org/10.1007/BF01262201

Lindquist EE (1986) The world genera of Tarsonemidae (Acari, Heterostigmata): a morpho‑
logical, phylogenetic, and systematic revision, with a reclassification of family‑group taxa 
in the Heterostigmata. Memoirs of the Entomological Society of Canada No. 118, 1–517. 
https://doi.org/10.4039/entm118136fv

Lindquist EE (1995) Remarkable convergence between two taxa of ascid mites (Acari: 
Mesostigmata) adapted to living in pore tubes of bracket fungi in North America, with 
description of Mycolaelaps new genus. Canadian Journal of Zoology 73: 104–128. https://
doi.org/10.1139/z95‑013

Lindquist EE (1996) Phylogenetic relationships. In: Lindquist EE, Sabelis MW, Bruin 
J (Eds) Eriophyoid Mites. Their Biology, Natural Enemies and Control. World 
Crop Pests. Volume 6. Elsevier, Amsterdam, 301–327. https://doi.org/10.1016/
S1572‑4379(96)80019‑4

Lindquist EE (1998) Predatory mesostigmatic mites home page: arthropods associated with 
livestock dung. http://canacoll.org/Hym/Staff/Gibson/apss/mitehome.htm [accessed 19 
April 2018]

Lindquist EE (2003) Observations on mites of the subfamily Platyseiinae, with descriptions 
of two new species of Platyseius from North America (Acari: Mesostigmata: Ascidae). In: 
Smith IM (Ed.) An Acarological Tribute to David R. Cook. Indira Publishing House, West 
Bloomfield, 155–182.

Lindquist EE, Ainscough BD, Clulow FV, Funk RC, Marshall VG, Nesbitt HHJ, OConnor 
BM, Smith IM, Wilkinson PR (1979) Acari. In: Danks HV (Ed.) Canada and its Insect 
Fauna. Memoirs of the Entomological Society of Canada No. 108, 252–290.

Lindquist EE, Galloway TD, Artsob H, Lindsay LR, Drebot M, Wood H, Robbins RG (2016) 
A handbook to the ticks of Canada (Ixodida: Ixodidae, Argasidae). Biological Survey of 
Canada Monograph Series No. 7, 317 pp.

Lindquist EE, Kethley JB (1975) The systematic position of the Heterocheylidae Trägårdh 
(Acari: Acariformes: Prostigmata). The Canadian Entomologist 107: 887–898. https://doi.
org/10.4039/Ent107887‑8

Lindquist EE, Krantz GW (2002) Description of, and validation of names for, the genus Cro-
talomorpha and the family Crotalomorphidae (Acari: Heterostigmata). Systematic and 
Applied Acarology 7: 129–142. https://doi.org/10.11158/saa.7.1.14

Lindquist EE, Krantz GW, Walter DE (2009a) Classification. In: Krantz GW, Walter DE (Eds) 
A Manual of Acarology (3rd edn). Texas Tech University Press, Lubbock, 97–103.

https://doi.org/10.4039/Ent10823-1
https://doi.org/10.1007/BF01262201
https://doi.org/10.4039/entm118136fv
https://doi.org/10.1139/z95-013
https://doi.org/10.1139/z95-013
https://doi.org/10.1016/S1572-4379(96)80019-4
https://doi.org/10.1016/S1572-4379(96)80019-4
http://canacoll.org/Hym/Staff/Gibson/apss/mitehome.htm
https://doi.org/10.4039/Ent107887-8
https://doi.org/10.4039/Ent107887-8
https://doi.org/10.11158/saa.7.1.14


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)152

Lindquist EE, Krantz GW, Walter DE (2009b) Order Mesostigmata. In: Krantz GW, Walter DE 
(Eds) A Manual of Acarology (3rd edn). Texas Tech University Press, Lubbock, 124–232.

Lindquist EE, Makarova OL (2011) Two new circumpolar mite species of the genus Arctoseius 
Thor, (Parasitiformes, Mesostigmata, Ascidae). Zoologicheskii Zhurnal 90: 923–941.

Lindquist EE, Makarova OL (2012) Review of the mite subfamily Arctoseiinae Evans with a 
key to its genera and description of a new genus and species from Siberia (Parasitiformes, 
Mesostigmata, Ascidae). ZooKeys 233: 1–20. https://doi.org/10.3897/zookeys.233.3862

Lindquist EE, Moraza ML (2009) Anystipalpus, Antennoseius and Vitzthumia: a taxonomic and 
nomenclatural conundrum of genera (Acari: Mesostigmata: Dermanyssina), with descrip‑
tion of four species of Anystipalpus. Zootaxa 2243: 1–39.

Lindquist EE, Sidorchuk EA (2015) The labidostommatid palpus: A morphological enigma (Acari‑
formes: Prostigmata). Acarologia 55: 337–350. https://doi.org/10.1051/acarologia/20152172

Lindquist EE, Vercammen‑Grandjean PH (1971) Revision of the chigger‑like larvae of the 
genera Neotrombidium Leonardi and Monunguis Wharton, with a redefinition of the sub‑
family Neotrombidiinae Feider in the Trombidiidae (Acarina: Prostigmata). The Canadian 
Entomologist.103: 1557–1590. https://doi.org/10.4039/Ent1031557‑11

Lindquist EE, Wu KW (1987) First record of the mite family Podocinidae (Acari, Mesostig‑
mata) in Canada, with notes on other records in North America. The Canadian Entomolo‑
gist 119: 779–781. https://doi.org/10.4039/Ent119779‑9

Lindquist EE, Wu KW (1991) Review of mites of the genus Mucroseius (Acari: Mesostigmata: 
Ascidae) associated with sawyer beetles (Cerambycidae: Monochamus and Mecynippus) and 
pine wood nematodes Aphelenchoididae: Bursaphelenchus xylophilus (Steiner and Buhrer) 
Nickle, with descriptions of six new species from Japan and North America, and notes on 
their previous misidentification. The Canadian Entomologist 123: 875–927. https://doi.
org/10.4039/Ent123875‑4

Lukoschus FS, Jeucken GJ, Whitaker JO Jr (1988) A review of the Protomyobia americana 
group (Acarina: Prostigmata: Myobiidae) with descriptions of Protomyobia panamensis 
n. sp. and Protomyobia blarinae n. sp. Journal of Parasitology 74: 305–316. https://doi.
org/10.2307/3282460

Lukoschus FS, Klompen JSH, Whitaker JO Jr (1980) Eadiea neurotrichus n. sp. (Prostigmata: 
Myobiidae) from Neurotrichus gibbsii (Insectivora: Talpidae). Journal of Medical Entomol‑
ogy 17: 498–501. https://doi.org/10.1093/jmedent/17.6.498

Lukoschus FS, Lombert HAPM (1980) Five new species of quill wall mites from European 
birds (Astigmata: Laminosioptidae: Fainocoptinae). International Journal of Acarology 6: 
63–78. https://doi.org/10.1080/01647958008683196

Lumley L, Beaulieu F, Behan‑Pelletier V, Knee W, Lindquist EE, Mark M, Proctor H, Walter D 
(2013) The status of systematic knowledge of the Acari of Canada: tickin’ away with some 
mitey progress. Newsletter of the Biological Survey of Canada 32: 23–37.

Magowski WL, Moser JC (1993) Three new species of the genus Acanthomastix Mahunka, 
1972 from United States and Poland (Acai: Dolichocybidae). Entomologische Mitteilun‑
gen aus dem Zoologischen Museum Hamburg 11: 1–20.

Mahunka S (1975) Further data to the knowledge of Tarsonemida (Acari) living on small mam‑
mals in North America. Parasitologica Hungarica 8: 85–94.

https://doi.org/10.3897/zookeys.233.3862
https://doi.org/10.1051/acarologia/20152172
https://doi.org/10.4039/Ent1031557-11
https://doi.org/10.4039/Ent119779-9
https://doi.org/10.4039/Ent123875-4
https://doi.org/10.4039/Ent123875-4
https://doi.org/10.2307/3282460
https://doi.org/10.2307/3282460
https://doi.org/10.1093/jmedent/17.6.498
https://doi.org/10.1080/01647958008683196


Acari of Canada 153

Mahunka S, Philips JR (1978) Tarsonemid mites associated with birds in the USA (Acarina: 
Tarsonemida). Folia Entomologica Hungarica 31: 191–200.

Majka CG, Behan‑Pelletier V, Bajerlein D, Bloszyk J, Krantz GW, Lucas Z, OConnor B, 
Smith IM (2007) New records of mites (Arachnida: Acari) from Sable Island, Nova Scotia, 
Canada. The Canadian Entomologist 139: 690–699. https://doi.org/10.4039/n06‑103

Makarova OL (2003) A new genus and three new species of the family Arctacaridae (Parasiti‑
formes, Mesostigmata) from North America. Entomological Review 83: 868–886.

Makarova OL (2004) Gamasid mites (Parasitiformes, Mesostigmata), dwellers of bracket fungi, 
from the Pechora‑Ilychskii Reserve (Republic of Komi). Entomological Review 84: 667–672.

Makarova OL (2013) Gamasid mites (Parasitiformes, Mesostigmata) of the European Arc‑
tic and their distribution patterns. Entomological Review 93: 113–133. https://doi.
org/10.1134/S0013873813010156

Makarova OL (2015) Arachnida. Acari (mites and ticks). Mesostigmata (Gamasida, gamasid 
mites). Fauna Entomologica Scandinavica 44: 714–748.

Makarova OL, Lindquist EE (2013) A new species of the gamasid mite genus Arctoseius Thor, 
1930 (Parasitiformes, Mesostigmata, Ascidae) from Russia with a key to the multidentatus 
species‑group. ZooKeys 313: 9–24. https://doi.org/10.3897/zookeys.313.5317

Mąkol J, Wohltmann A (2012) An annotated checklist of terrestrial Parasitengona (Acti‑
notrichida: Prostigmata) of the world, excluding Trombiculidae and Walchiidae. Annales 
Zoologici 62: 359–562. https://doi.org/10.3161/000345412X656671

Marcus J (2018) Our love‑hate relationship with DNA barcodes, the Y2K problem, and the search 
for next generation barcodes. AIMS Genetics 5: 1–23. https://doi.org/10.3934/genet.2018.1.1

Marshall VG (1964) A new parholaspid mite from eastern Canada with notes on the genus 
Neparholaspis Evans (Acarina: Mesostigmata). Acarologia 6: 417–420.

Marshall VG (1970) Tydeid mites (Acarina: Prostigmata) from Canada. I. New and redescribed 
species of Lorryia. Annales de la Société entomologique du Québec 15: 17–52.

Marshall VG, Clayton MR, Newsom DN (1998) Morphology, ontogeny, and intraspecific 
variability of the yew big bud mite, Cecidophyopsis psilaspis (Acari: Eriophyidae). The Cana‑
dian Entomologist 130: 285–304. https://doi.org/10.4039/Ent130285‑3

Marshall VG, Kevan DKM (1964) Mesostigmata and Trombidiformes (Acarina) from two Que‑
bec woodland humus forms. Annales de la Société entomologique du Québec 9: 54–67.

Marshall VG, Lindquist EE (1972) Notes on the genus Nalepella (Acarina: Eriophyoidea) and 
the occurrence of N. halourga on black spruce in Canada. The Canadian Entomologist 
104: 239–244. https://doi.org/10.4039/Ent104239‑2

Marshall VG, Reeves RM (1971) Trichthonius majestus, a new species of oribatid mite (Acarina: 
Cosmochthoniidae) from North America. Acarologia 12: 623–632.

Marshall VG, Reeves RM, Norton RA (1987) Catalogue of the Oribatida (Acari) of continental 
United States and Canada. Memoirs of the Entomological Society of Canada No. 139, 
1–418. https://doi.org/10.4039/entm119139fv

Mašán P (2017) A revision of the family Ameroseiidae (Acari, Mesostigmata), with some data 
on Slovak fauna. ZooKeys 704: 1–228. https://doi.org/10.3897/zookeys.704.13304

Mašán P, Halliday B (2010) Review of the European genera of Eviphididae (Acari: Mesostig‑
mata) and the species occurring in Slovakia. Zootaxa 2585: 1–122.

https://doi.org/10.4039/n06-103
https://doi.org/10.1134/S0013873813010156
https://doi.org/10.1134/S0013873813010156
https://doi.org/10.3897/zookeys.313.5317
https://doi.org/10.3161/000345412X656671
https://doi.org/10.3934/genet.2018.1.1
https://doi.org/10.4039/Ent130285-3
https://doi.org/10.4039/Ent104239-2
https://doi.org/10.4039/entm119139fv
https://doi.org/10.3897/zookeys.704.13304


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)154

McAdams BN, Quideau SA, Swallow MJB, Lumley LM (2018) Oribatid mite recovery along 
a chronosequence of afforested boreal sites following oil sands mining. Forest Ecology and 
Management 422: 281–293. https://doi.org/10.1016/j.foreco.2018.04.034

McClay AS, De Clerck‑Floate RA (2013) Convolvulus arvensis L., field bindweed (Convol‑
vulaceae). In: Mason PG, Gillespie D (Eds) Biological Control Programmes in Can‑
ada 2001–2012. CABI Publishing, Wallingford, 307–309. https://doi.org/10.1079/ 
9781780642574.0307

McClure HE (1943) Aspection in the biotic communities of the Churchill area, Manitoba. 
Ecological Monographs 13: 1–35. https://doi.org/10.2307/1943588

McDaniel B (1980) New species of the genus Bimichaelia Thor (Acari, Endeostigmata) from 
South Dakota. Acarologia 21: 177–186.

McDaniel B, Boe A (1990) A new species and distribution record for the genus Caeculus 
Dufour (Acari: Caeculidae) from South Dakota. Proceedings of the Entomological Society 
of Washington 92: 716–724.

McDaniel B, Morihara DK, Lewis JK (1975) A new species of Tuckerella from South Dakota 
and a key with illustrations of all known described species. Acarologia 27: 274–283.

Meehan ML, Turnbull AJ (2018) Mesostigmatid soil mites of Alberta. https://mesostigmatao‑
falberta.wordpress.com [accessed 1 September 2018]

Menounos B, Goehring BM, Osborn G, Margold M, Ward B, Bond J, Clarke GKC, Clague 
JJ, Lakeman T, Koch J, Caffee MW, Gosse J, Stroeven AP, Seguinot J, Heyman J (2017) 
Cordilleran ice sheet mass loss preceded climate reversals near the Pleistocene termination. 
Science 358: 781–784. https://doi.org/10.1126/science.aan3001

Migeon A, Dorkeld F (2018) Spider mites web: a comprehensive database for the Tetranychidae. 
http://www.montpellier.inra.fr/CBGP/spmweb [accessed 4 April 2018]

Miller AD, Skoracka A, Navia D, de Mendonca RS, Szydlo W, Schultz MB, Smith CM, Truol 
G, Hoffmann AA (2013) Phylogenetic analyses reveal extensive cryptic speciation and host 
specialization in an economically important mite taxon. Molecular Phylogenetics and Evo‑
lution 66: 928–940. https://doi.org/10.1016/j.ympev.2012.11.021

Mironov SV (2001) The first find of the feather mite from Apionacaridae family (Astigmata: Anal‑
goidea) on the passerines (Passeriformes). [Article in Russian]. Parazitologiia 35: 284–290.

Mironov SV (2011) Feather mites of the genus Pandalura Hull (Astigmata: Psoroptoididae) 
from owls and caprimulgiforms. Trudy Zoologicheskogo Instituta 315: 19–37.

Mironov SV, Bochkov AV, Fain A (2005) Phylogeny and evolution of parasitism in feather 
mites of the families Epidermoptidae and Dermationidae (Acari: Analgoidea). Zoologis‑
cher Anzeiger 243: 155–179. https://doi.org/10.1016/j.jcz.2004.10.001

Mironov SV, Galloway TD (2002) Four new species of feather mites (Acari: Analgoidea). The 
Canadian Entomologist 134: 605–618. https://doi.org/10.4039/Ent134605‑5

Mironov SV, Galloway TD (2006) New and little‑known species of feather mites (Acari: Anal‑
goidea: Pteronyssidae) from birds in North America. The Canadian Entomologist 138: 
165–188. https://doi.org/10.4039/n05‑047

Mironov SV, Proctor HC, Barreto M, Zimmerman G (2007) New genera and species of 
feather mites of the family Gabuciniidae (Astigmata: Pterolichoidea) from New World 
raptors (Aves: Falconiformes). The Canadian Entomologist 139: 757–777. https://doi.
org/10.4039/n07‑001

https://doi.org/10.1016/j.foreco.2018.04.034
https://doi.org/10.1079/
https://doi.org/10.2307/1943588
https://mesostigmataofalberta.wordpress.com
https://mesostigmataofalberta.wordpress.com
https://doi.org/10.1126/science.aan3001
http://www.montpellier.inra.fr/CBGP/spmweb
https://doi.org/10.1016/j.ympev.2012.11.021
https://doi.org/10.1016/j.jcz.2004.10.001
https://doi.org/10.4039/Ent134605-5
https://doi.org/10.4039/n05-047
https://doi.org/10.4039/n07-001
https://doi.org/10.4039/n07-001


Acari of Canada 155

Momen FM (1990) A new species of tydeid mite (Acari: Tydeidae) associated with rusty grain 
beetle on dried wheat. Entomologische Mitteilungen aus dem Zoologischen Staatsinstitut 
und Zoologischen Museum Hamburg 10: 19–24.

Momen FM, Sinha RN (1991) Tydeid mites associated with stored grain and oilseeds in Can‑
ada, with descriptions of a new genus and five new species (Acari: Tydeidae). Canadian 
Journal of Zoology 69: 1226–1254. https://doi.org/10.1139/z91‑175

Moore JC, Walter DE, Hunt HW (1988) Arthropod regulation of micro‑ and mesobiota in 
below‑ground detrital food webs. Annual Review of Entomology 33: 419–439. https://
doi.org/10.1146/annurev.en.33.010188.002223

Mortazavi A, Hajiqanbar H, Lindquist EE (2018) A new family of mites (Acari: Prostigmata: 
Raphignathina), highly specialized subelytral parasites of dytiscid water beetles (Coleoptera: 
Dytiscidae: Dytiscinae). Zoological Journal of the Linnean Society 184: 695–749. https://
doi.org/10.1093/zoolinnean/zlx113

Moraza ML (2005) A new genus and species of Epicriidae (Acari, Mesostigmata) from east‑
ern North America. The Canadian Entomologist 137: 539–550. https://doi.org/10.4039/
n04‑101

Moraza ML, Johnston DE (2004) Neoepicrius, gen. n., from western North America (Acari: 
Mesostigmata: Epicriidae). Acarologia 44: 195–207.

Moraza ML, Lindquist EE (1998) Coprozerconidae, a new family of zerconoid mites from 
North America (Acari: Mesostigmata: Zerconoidea). Acarologia 39: 291–313.

Moseley M (2007) Acadian biospeleology: composition and ecology of cave fauna of Nova Sco‑
tia and southern New Brunswick, Canada. International Journal of Speleology 36: 1–21. 
https://doi.org/10.5038/1827‑806X.36.1.1

Moser JC, Smiley RL, Otvos IS (1987) A new Pyemotes (Acari: Pyemotidae) reared from the 
Douglas fir cone moth. International Journal of Acarology 13: 141–147. https://doi.
org/10.1080/01647958708683494

Moss WW (1978) The mite genus Dermanyssus: a survey, with description of Dermanyssus 
trochilinis, n. sp., and a revised key to the species (Acari: Mesostigmata: Dermanyssidae). 
Journal of Medical Entomology 14: 627–640. https://doi.org/10.1093/jmedent/14.6.627

Murray MH, St Clair CC (2017) Predictable features attract urban coyotes to residential yards. 
Journal of Wildlife Management 81(4): 593–600. https://doi.org/10.1002/jwmg.21223

NAPPO (2014) North American Plant Protection Organization. Morphological Identifica‑
tion of Spider Mites (Tetranychidae) Affecting Imported Fruits. https://www.nappo.org/
files/3714/3782/0943/DP_03_Tetranychidae‑e.pdf [accessed 1 September 2018]

Naskrecki P, Colwell RK (1998) Systematics and Host Plant Affiliations of Hummingbird 
Flower Mites of the Genera Tropicoseius Baker & Yunker and Rhinoseius Baker & Yunker 
(Acari: Mesostigmata: Ascidae). Entomological Society of America, Lanham, 185 pp.

Navajas M, Fenton B (2000) The application of molecular markers in the study of diversity 
in acarology: a review. Experimental and Applied Acarology 24: 751–774. https://doi.
org/10.1023/A:1006497906793

Navajas M, Migeon A, Estrada‑Peña A, Mailleux A‑C, Servigne P, Petanovic R (2010) Mites and 
ticks (Acari). Chapter 7.4. In: Roques A, Kenis M, Lees D, Lopez‑Vaamonde C, Rabitsch 
W, Rasplus J‑Y, Roy D (Eds) Arthropod Invasions in Europe. BioRisk 4(1): 149–192. 
https://doi.org/10.3897/biorisk.4.58

https://doi.org/10.1139/z91-175
https://doi.org/10.1146/annurev.en.33.010188.002223
https://doi.org/10.1146/annurev.en.33.010188.002223
https://doi.org/10.1093/zoolinnean/zlx113
https://doi.org/10.1093/zoolinnean/zlx113
https://doi.org/10.4039/n04-101
https://doi.org/10.4039/n04-101
https://doi.org/10.5038/1827-806X.36.1.1
https://doi.org/10.1080/01647958708683494
https://doi.org/10.1080/01647958708683494
https://doi.org/10.1093/jmedent/14.6.627
https://doi.org/10.1002/jwmg.21223
https://www.nappo.org/files/3714/3782/0943/DP_03_Tetranychidae-e.pdf
https://www.nappo.org/files/3714/3782/0943/DP_03_Tetranychidae-e.pdf
https://doi.org/10.1023/A:1006497906793
https://doi.org/10.1023/A:1006497906793
https://doi.org/10.3897/biorisk.4.58


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)156

Navajas M, Navia D (2010) DNA‑based methods for eriophyoid mite studies: review, criti‑
cal aspects, prospects and challenges. Experimental and Applied Acarology 51: 257–271. 
https://doi.org/10.1007/s10493‑009‑9301‑z

Newell IM, Ryckman RE (1966) Species of Pimeliaphiius (Acari: Pterygosomidae) attacking 
insects, with particular reference to the species parasitizing Triatominae (Hemiptera: Redu‑
viidae). Hilgardia 37: 403–436. https://doi.org/10.3733/hilg.v37n12p403

Newton JS (2013) Biodiversity of soil arthropods in a native grassland in Alberta, Canada: 
obscure associations and effects of simulated climate change. PhD thesis, University of 
Alberta, Edmonton.

Nicholson WL, Sonenshine DE, Lane RS, Uilenberg G (2009) Ticks (Ixodoidea). In: Mullen 
GR, Durden LA (Eds) Medical and Veterinary Entomology. Elsevier, Amsterdam, 493–542.

Nickel PA, Elzinga RJ (1969) Caraboacarus karenae, a new mite from carabid beetles, with 
notes on its biology. Journal of the Kansas Entomological Society 42: 222–229.

Nickel PA, Elzinga RJ (1970) New host records and biological notes for Echinomegistus wheeleri 
(Wasmann) (Acarina: Paramegistidae). Journal of the Kansas Entomological Society 43: 32–34.

Niedbała W (2002) Ptyctimous mites (Acari, Oribatida) of the Nearctic region. Monographs of 
the Upper Silesian Museum 4: 1–261.

Niedbała W, Dabert M (2013) Madeira’s ptyctimous mites (Acari, Oribatida). Zootaxa 3664: 
571–585. https://doi.org/10.11646/zootaxa.3664.4.9

Norton RA (1982) Arborichthonius n. gen., an unusual enarthronote soil mite (Acarina: Orib‑
atei) from Ontario. Proceedings of the Entomological Society of Washington 84: 85–96.

Norton RA (1998) Morphological evidence for the evolutionary origin of Astigmata 
(Acari: Acariformes). Experimental and Applied Acarology 22: 559–594. https://doi.
org/10.1023/A:1006135509248

Norton RA, Behan‑Pelletier VM (1986) Systematic relationships of Propelops, with a modifica‑
tion of family‑group taxa in Phenopelopoidea (Acari: Oribatida). Canadian Journal of 
Zoology 64: 2370–2383. https://doi.org/10.1139/z86‑353

Norton RA, Behan‑Pelletier VM (2007) Eniochthonius mahunkai sp. n. (Acari: Oribatida: Enioch‑
thoniidae), from North American peatlands, with a redescription of Eniochthonius and a key 
to North American species. Acta Zoologica Academiae Scientiarum Hungaricae 53: 295–333.

Norton RA, Behan‑Pelletier VM (2009) Suborder Oribatida. In: Krantz GW, Walter DE (Eds) 
A Manual of Acarology (3rd edn.) Texas Tech University Press, Lubbock, 430–564.

Norton RA, Behan‑Pelletier VM, Wang H‑f (1996) The aquatic oribatid mite genus Mucrono-
thrus in Canada and the western U.S.A. (Acari: Trhypochthoniidae). Canadian Journal of 
Zoology 74: 926–949. https://doi.org/10.1139/z96‑106

Norton RA, Ermilov SG (2014) Catalogue and historical overview of juvenile instars of 
oribatid mites (Acari: Oribatida). Zootaxa 3833: 1–132. http://dx.doi.org/10.11646/
zootaxa.3833.1.1

Norton RA, Franklin E, Crossley Jr DA (2010) Scapheremaeus rodickae n. sp. (Acari: Oribatida: 
Cymbaeremaeidae) associated with temporary rock pools in Georgia, with key to Scapher-
emaeus species in eastern USA and Canada. Zootaxa 2393: 1–16.

Norton RA, Williams DD, Hogg ID, Palmer SC (1988) Biology of the oribatid mite Mucronothrus 
nasalis (Acari: Oribatida: Trhypochthoniidae) from a small coldwater springbrook in eastern 
Canada. Canadian Journal of Zoology 66: 622–629. https://doi.org/10.1139/z88‑093

https://doi.org/10.1007/s10493-009-9301-z
https://doi.org/10.3733/hilg.v37n12p403
https://doi.org/10.11646/zootaxa.3664.4.9
https://doi.org/10.1023/A:1006135509248
https://doi.org/10.1023/A:1006135509248
https://doi.org/10.1139/z86-353
https://doi.org/10.1139/z96-106
http://dx.doi.org/10.11646/zootaxa.3833.1.1
http://dx.doi.org/10.11646/zootaxa.3833.1.1
https://doi.org/10.1139/z88-093


Acari of Canada 157

OConnor BM (1984) Phylogenetic relationships among higher taxa in the Acariformes, with 
particular reference to the Astigmata. In: Griffiths DA, Bowman CE (Eds) Acarology VI. 
Ellis‑Horwood Ltd., Chichester, 19–27.

OConnor BM (2009) Cohort Astigmatina. In: Krantz GW, Walter DE (Eds) A Manual of 
Acarology (3rd edn). Texas Tech University Press, Lubbock, 565–657.

OConnor BM, Eickwort GC (1988) Morphology, ontogeny, biology and systematics of the 
genus Vidia (Acari: Winterschmidtiidae). Acarologia 29: 147–174.

OConnor BM, Houck MA (1989) A new genus and species of Hemisarcoptidae from 
Malaysia (Acari: Astigmata). International Journal of Acarology 15: 17–20. https://doi.
org/10.1080/01647958908683818

Oldfield GN (1996) Diversity and host plant specificity. In: Lindquist E, Sabelis M, Bruin J (Eds) 
Eriophyoid Mites. Their Biology, Natural Enemies and Control. World Crop Prests. Vol‑
ume 6. Elsevier, Amsterdam, 199–216. https://doi.org/10.1016/S1572‑4379(96)80011‑X

Oldfield GN, Proeseler G (1996) Eriophyoid mites as vectors of plant pathogens. In: Lindquist 
EE, Sabelis MW, Bruin J (Eds) Eriophyioid Mites: Their Biology, Natural Enemies and 
Control. World Crop Pests. Volume 6. Elsevier, Amsterdam, 259–275. https://doi.
org/10.1016/S1572‑4379(96)80017‑0

Ondrejicka DA, Morey KC, Hanner RH (2016) DNA barcodes identify medically important 
tick species in Canada. Genome 60: 74–84. https://doi.org/10.1139/gen‑2015‑0179

Osler GHR, Harrison L, Kanashiro DK, Clapperton MJ (2008) Soil microarthropod assem‑
blages under different arable crop rotations in Alberta, Canada. Applied Soil Ecology 38: 
71–78. https://doi.org/10.1016/j.apsoil.2007.09.003

Otto JC (1999a) Revision of the genus Erythracarus Berlese (Acarina: Anystidae: Erythracari‑
nae). Journal of Natural History 33: 825–909. https://doi.org/10.1080/002229399300146

Otto JC (1999b) Systematics and natural history of the genus Chaussieria Oudemans (Acarina: 
Prostigmata: Anystidae). Zoological Journal of the Linnean Society 126: 251–306. https://
doi.org/10.1111/j.1096‑3642.1999.tb01372.x

Otto JC (1999c) The taxonomy of Tarsotomus Berlese and Paratarsotomus Kuznetsov (Acarina: 
Anystidae: Erythracarinae) with observations on the natural history of Tarsotomus. Inverte‑
brate Taxonomy 13: 749–803. https://doi.org/10.1071/IT97035

Palmer SC, Norton RA (1992) Genetic diversity in thelytokous oribatid mites (Acari; Acari‑
formes: Desmonomata). Biochemical Systematics and Ecology 20: 219–231. https://doi.
org/10.1016/0305‑1978(92)90056‑J

Parent BJ (1979) Principaux acariens des pommeraies du Québec (Canada). In: Piffl E (Ed.) Pro‑
ceedings of the 4th International Congress of Acarology. Akadémiai Kiadó, Budapest, 657–661.

Peñalver E, Arillo A, Delclòs X, Peris D, Grimaldi DA, Anderson SR, Nascimbene PC, Pérez‑de 
la Fuente R (2017) Ticks parasitised feathered dinosaurs as revealed by Cretaceous amber 
assemblages. Nature Communications 8: 1–13.

Pence DB (1975) Keys, species and host list and bibliography for nasal mites of North Ameri‑
can birds (Acarina: Rhinonyssinae, Turbinoptinae, Speleognathinae and Cytoditidae). Spe‑
cial Publications of the Museum of Texas Tech University No. 8, 148 pp.

Pence DB, Gray PN (1996) Redescription of Alcedinectes alcyon (Acari: Hypoderatidae) from 
the belted kingfisher (Aves: Coraciiformes; Alcedinidae). Journal of Medical Entomology 
33: 772–776. https://doi.org/10.1093/jmedent/33.5.772

https://doi.org/10.1080/01647958908683818
https://doi.org/10.1080/01647958908683818
https://doi.org/10.1016/S1572-4379(96)80011-X
https://doi.org/10.1016/S1572-4379(96)80017-0
https://doi.org/10.1016/S1572-4379(96)80017-0
https://doi.org/10.1139/gen-2015-0179
https://doi.org/10.1016/j.apsoil.2007.09.003
https://doi.org/10.1080/002229399300146
https://doi.org/10.1111/j.1096-3642.1999.tb01372.x
https://doi.org/10.1111/j.1096-3642.1999.tb01372.x
https://doi.org/10.1071/IT97035
https://doi.org/10.1016/0305-1978(92)90056-J
https://doi.org/10.1016/0305-1978(92)90056-J
https://doi.org/10.1093/jmedent/33.5.772


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)158

Pence DB, Spalding MG, Bergan JF, Cole RA, Newman S, Gray PN (1997) New records of 
subcutaneous mites (Acari: Hypoderatidae) in birds, with examples of potential host colo‑
nization events. Journal of Medical Entomology 34: 411–416. https://doi.org/10.1093/
jmedent/34.4.411

Pepato AR, Klimov PB (2015) Origin and higher‑level diversification of acariform mites – evi‑
dence from nuclear ribosomal genes, extensive taxon sampling, and secondary structure align‑
ment. BMC Evolutionary Biology 15: 178. https://doi.org/10.1186/s12862‑015‑0458‑2

Peterson PC (1971) A revision of the feather mite genus Brephosceles (Proctophyllodidae: Allop‑
tinae). Bulletin of the University of Nebraska State Museum 9: 89–172.

Peterson PC, Atyeo WT, Moss WW (1980) The feather mite family Eustathiidae (Acarina: Sar‑
coptiformes). Monographs of the Academy of Natural Sciences of Philadelphia 21: 1–143.

Pfingstl T (2017) The marine‑associated lifestyle of ameronothroid mites (Acari, Oribatida) 
and its evolutionary origin: a review. Acarologia 57: 693–721.

Pohl GR, Landry J‑F, Schmidt BC, deWaard JR (2019) Lepidoptera of Canada. In: Langor 
DW, Sheffield CS (Eds) The Biota of Canada – A Biodiversity Assessment. Part 1: The Ter‑
restrial Arthropods. ZooKeys 819: 463–505. https://doi.org/10.3897/zookeys.819.27259

Poissant JA, Broders HG (2008) Ectoparasite prevalence in Myotis lucifugus and M. septentri-
onalis (Chiroptera: Vespertilionidae) during fall migration at Hayes Cave, Nova Scotia. 
Northeastern Naturalist 15: 515–522. https://doi.org/10.1656/1092‑6194‑15.4.515

Poprawski TJ, Yule WN (1992) Acari associated with Phyllophaga anxia (Leconte) (Coleoptera: 
Scarabaeidae) in southern Quebec and eastern Ontario. The Canadian Entomologist 124: 
397–403. https://doi.org/10.4039/Ent124397‑2

Proctor HC (2003) Feather mites (Acari: Astigmata): ecology, behavior and evolu‑
tion. Annual Review of Entomology 48: 185–209. https://doi.org/10.1146/annurev.
ento.48.091801.112725

Proctor HC (2007) Aquatic mites in assessments of stream invertebrate diversity. In: Morales‑
Malacara JB, Behan‑Pelletier VM, Ueckermann E, Pérez TM, Estrada‑Venegas EG, Badii 
M (Eds) Acarology XI: Proceedings of the International Congress. Intituto de Biología and 
Facultad de Ciencias, Universidad Nacional Autónoma de México, Sociedad Latinoameri‑
cana de Acarología, Merida, 105–117.

Proctor HC, Owens I (2000) Mites and birds: diversity, parasitism and coevolu‑
tion. Trends in Ecology & Evolution 15: 358–364. https://doi.org/10.1016/
S0169‑5347(00)01924‑8

Proctor HC, Smith IM, Cook DR, Smith BP (2015) Subphylum Chelicerata, class Arach‑
nida. In: Thorp J, Rodgers DC (Eds) Ecology and General Biology: Thorp and Covich’s 
Freshwater Invertebrates. Academic Press, London, 599–660. https://doi.org/10.1016/
B978‑0‑12‑385026‑3.00025‑5

Radovsky FJ (1994) The evolution of parasitism and the distribution of some dermanyssoid 
mites (Mesostigmata) on vertebrate hosts. In: Houck MA (Ed.) Mites: Ecological and 
Evolutionary Analyses of Life‑History Patterns. Chapman and Hall, New York and Lon‑
don, 186–217.

Radwell AJ, Smith IM (2012) North American members of the reticulata‑like species group of 
the water mite genus Kongsbergia (Acari: Hydrachnidiae: Aturidae). Zootaxa 3540: 1–49.

https://doi.org/10.1093/jmedent/34.4.411
https://doi.org/10.1093/jmedent/34.4.411
https://doi.org/10.1186/s12862-015-0458-2
https://doi.org/10.3897/zookeys.819.27259
https://doi.org/10.1656/1092-6194-15.4.515
https://doi.org/10.4039/Ent124397-2
https://doi.org/10.1146/annurev.ento.48.091801.112725
https://doi.org/10.1146/annurev.ento.48.091801.112725
https://doi.org/10.1016/S0169-5347(00)01924-8
https://doi.org/10.1016/S0169-5347(00)01924-8
https://doi.org/10.1016/B978-0-12-385026-3.00025-5
https://doi.org/10.1016/B978-0-12-385026-3.00025-5


Acari of Canada 159

Ratnasingham S, Hebert PDN (2013) A DNA‑based registry for all animal species: the barcode 
index number (BIN) system. PLoS ONE 8: e66213. https://doi.org/10.1371/journal.
pone.0066213

Reeves RM (1992) Carabodes of the eastern United States and adjacent Canada (Acari, 
Oribatida, Carabodidae). Canadian Journal of Zoology 70: 2042–2058. https://doi.
org/10.1139/z92‑276

Reeves RM, Behan‑Pelletier V (1998) The genus Carabodes (Acari: Oribatida: Carabodidae) of 
North America, with descriptions of new western species. Canadian Journal of Zoology 76: 
1898–1921. https://doi.org/10.1139/z98‑113

Richards LA, Richards KW (1976) Parasitid mites associated with bumblebees in Alberta, Can‑
ada (Acarina: Parasitidae; Hymenoptera: Apidae). I. Taxonomy. The University of Kansas 
Science Bulletin 50: 731–773.

Rigby MC (1996) The epibionts of beach hoppers (Crustacea: Talitridae) of the North 
American Pacific coast. Journal of Natural History 30: 1329–1336. https://doi.
org/10.1080/00222939600771241

Rosenberger M, Maraun M, Scheu S, Schaefer I (2013) Pre‑ and post‑glacial diversifications 
shape genetic complexity of soil‑living microarthropod species. Pedobiologia 56: 79–87. 
https://doi.org/10.1016/j.pedobi.2012.11.003

Rosenkranz P, Aumeier P, Ziegelmann B (2010) Biology and control of Varroa destruc-
tor. Journal of Invertebrate Pathology 103: S96–S119. https://doi.org/10.1016/j.
jip.2009.07.016

Rosenthal SS (1996) Aceria, Epitrimerus and Aculus species and biological control of weeds. 
In: Lindquist EE, Sabelis MW, Bruin J (Eds) Eriophyioid Mites: Their Biology, Natural 
Enemies and Control. World Crop Pests Series Volume 6. Elsevier, Amsterdam, 729–739. 
https://doi.org/10.1016/S1572‑4379(96)80049‑2

Roy L, Dowling APG, Chauve CM, Lesna I, Sabelis MW, Buronfosse T (2009) Molecular phy‑
logenetic assessment of host range in five Dermanyssus species. Experimental and Applied 
Acarology 48: 115–142. https://doi.org/10.1007/s10493‑008‑9231‑1

Samsinak K (1989) Mites on flies of the family Sphaeroceridae. II. Acarologia 30: 85–105.
Sanford MT (2001) Introduction, spread and economic impact of Varroa mites in North 

America. In: Webster TC, Delaplane KS (Eds) Mites of the Honey Bee. Dadant & Sons, 
Mansfield, 149–162.

Schaefer I, Norton RA, Scheu S, Maraun M (2010) Arthropod colonization of land – linking 
molecules and fossils in oribatid mites (Acari, Oribatida). Molecular Phylogenetics and 
Evolution 57: 113–121. https://doi.org/10.1016/j.ympev.2010.04.015

Schatz H, Behan‑Pelletier VM, OConnor BM, Norton RA (2011) Suborder Oribatida van 
der Hammen, 1968. In: Zhang Z‑Q (Ed.) Animal biodiversity: An outline of higher‑level 
classification and survey of taxonomic richness. Zootaxa 3148: 141–148.

Schneider K, Maraun M (2005) Feeding preferences among dark pigmented fungal taxa 
(“Dematiacea”) indicate limited trophic niche differentiation of oribatid mites (Oribatida, 
Acari). Pedobiologia 49: 61–67. https://doi.org/10.1016/j.pedobi.2004.07.010

Schuster RO, Lavoipierre MMJ (1970) The mite family Heterocheylidae Trägårdh. Occasional 
Papers of the California Academy of Sciences 85: 1–42.

https://doi.org/10.1371/journal.pone.0066213
https://doi.org/10.1371/journal.pone.0066213
https://doi.org/10.1139/z92-276
https://doi.org/10.1139/z92-276
https://doi.org/10.1139/z98-113
https://doi.org/10.1080/00222939600771241
https://doi.org/10.1080/00222939600771241
https://doi.org/10.1016/j.pedobi.2012.11.003
https://doi.org/10.1016/j.jip.2009.07.016
https://doi.org/10.1016/j.jip.2009.07.016
https://doi.org/10.1016/S1572-4379(96)80049-2
https://doi.org/10.1007/s10493-008-9231-1
https://doi.org/10.1016/j.ympev.2010.04.015
https://doi.org/10.1016/j.pedobi.2004.07.010


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)160

Schuster RO, Summers FM (1978) Mites of the family Diarthrophallidae (Acari: Mes‑
ostigmata). International Journal of Acarology 4: 279–385. https://doi.org/10.1080/ 
01647957808683126

Scott JD, Durden LA (2015a) Amblyomma dissimile Koch (Acari: Ixodidae) parasitizes 
bird captured in Canada. Systematic and Applied Acarology 20: 854–860. https://doi.
org/10.11158/saa.20.8.2

Scott JD, Durden LA (2015b) Songbird‑transported tick Ixodes minor (Ixodida: Ixodidae) 
discovered in Canada. The Canadian Entomologist 147: 46–50. https://doi.org/10.4039/
tce.2014.34

Seeman OD (2007) Revision of the Fedrizziidae (Acari: Mesostigmata: Fedrizzioidea). Zootaxa 
1480: 1–55.

Seeman OD, Lindquist EE, Husband RW (2018) A new tribe of tarsonemid mites (Trombid‑
iformes: Heterostigmatina) parasitic on tetrigid grasshoppers (Orthoptera). Zootaxa 4418: 
1–54. https://doi.org/10.11646/zootaxa.4418.1.1

Shcherbak GI (1985) A contribution to the study of Dendrolaelapinae of North America 
(Multidendrolaelaps, Rhodacaridae, Gamasina). Vestnik Zoologii 1985: 25–36.

Shelley RM, McAllister CT, Medrano MF (2006) Distribution of the milliped genus Narceus 
Rafinesque, 1820 (Spirobolida: Spirobolidae): occurrences in New England and west of 
the Mississippi River; a summary of peripheral localities; and first records from Connecti‑
cut, Delaware, Maine, and Minnesota. Western North American Naturalist 66: 374–389. 
https://doi.org/10.3398/1527‑0904(2006)66[374:DOTMGN]2.0.CO;2

Sikora B (2014) Mites of the family Zerconidae (Acari: Mesostigmata) of the Nearctic region. 
Annales Zoologici 64: 131–250. https://doi.org/10.3161/000345414x682463

Silva GL, Metzelthin MH, Silva OS, Ferla NJ (2016) Catalogue of the mite family Tydeidae 
(Acari: Prostigmata) with the world key to the species. Zootaxa 4135: 1–68. https://doi.
org/10.11646/zootaxa.4135.1.1

Sinha RN (1979) Role of Acarina in the stored grain ecosystem. In: Rodriguez J (Ed.) 
Recent Advances in Acarology. Vol. 1. Academic Press, New York, 263–272. https://doi.
org/10.1016/B978‑0‑12‑592201‑2.50037‑3

Skoracki M (2011) Quill mites (Acari: Syringophilidae) of the Palaearctic region. Zootaxa 
2840: 1–414.

Skoracki M, Kavetska K, Ozminski M, Zawierucha K (2014) Calamicoptes anatidus sp nov., 
a new quill wall mite (Acari: Laminosioptidae) from the greater scaup Aythya marila 
(L.) (Aves: Anseriformes). Acta Parasitologica 59: 426–432. https://doi.org/10.2478/
s11686‑014‑0263‑x

Skvarla MJ, Fisher JR, Dowling AP (2014) A review of Cunaxidae (Acariformes, Trombid‑
iformes): histories and diagnoses of subfamilies and genera, keys to world species, and some 
new locality records. ZooKeys 418: 1–103. https://doi.org/10.3897/zookeys.418.7629

Smiley RL, Moser JC (1984) A new Microdispodides (Acari: Pygmephoridae) associated 
with a western bark beetle. International Journal of Acarology 10: 19–22. https://doi.
org/10.1080/01647958408683345

https://doi.org/10.1080/
https://doi.org/10.11158/saa.20.8.2
https://doi.org/10.11158/saa.20.8.2
https://doi.org/10.4039/tce.2014.34
https://doi.org/10.4039/tce.2014.34
https://doi.org/10.11646/zootaxa.4418.1.1
https://doi.org/10.3398/1527-0904(2006)66%5B374:DOTMGN%5D2.0.CO;2
https://doi.org/10.3161/000345414x682463
https://doi.org/10.11646/zootaxa.4135.1.1
https://doi.org/10.11646/zootaxa.4135.1.1
https://doi.org/10.1016/B978-0-12-592201-2.50037-3
https://doi.org/10.1016/B978-0-12-592201-2.50037-3
https://doi.org/10.2478/s11686-014-0263-x
https://doi.org/10.2478/s11686-014-0263-x
https://doi.org/10.3897/zookeys.418.7629
https://doi.org/10.1080/01647958408683345
https://doi.org/10.1080/01647958408683345


Acari of Canada 161

Smiley RL, Whitaker JO Jr (1984) Key to new and old world Pygmephorus species and descrip‑
tions of six new species (Acari: Pygmephoridae). International Journal of Acarology 10: 
59–73. https://doi.org/10.1080/01647958408683355

Smith BP (1986) New species of Eylais (Acari: Hydrachnellae; Eylaidae) parasitic on 
water boatman (Insecta: Hemiptera: Corixidae), and a key to North American larvae 
of the subgenus Syneylais. Canadian Journal of Zoology 64: 2363–2369. https://doi.
org/10.1139/z86‑352

Smith BP (1987a) New species of Hydrachna (Acari: Hydrachnidia; Hydrachnidae) parasitic 
on water boatman (Insecta: Hemiptera; Corixidae). Canadian Journal of Zoology 65: 
2630–2639. https://doi.org/10.1139/z87‑399

Smith IM (1976) A study of the systematics of the water mite family Pionidae (Prostigmata: 
Parasitengona). Memoirs of the Entomological Society of Canada No. 98, 1–249. https://
doi.org/10.4039/entm10898fv

Smith IM (1977) A new species of eriophyoid mite with eye‑like structures and remarks on 
the genus Phytoptus (Acari: Prostigmata: Phytoptidae). The Canadian Entomologist 109: 
1097–1102. https://doi.org/10.4039/Ent1091097‑8

Smith IM (1979a) Descriptions of new species of Trisetacus (Prostigmata: Eriophyoidea) from 
Pinaceae in eastern North America. The Canadian Entomologist 111: 425–429. https://
doi.org/10.4039/Ent111425‑4

Smith IM (1979b) A review of water mites of the family Anisitsiellidae (Prostigmata: Leb‑
ertioidea) from North America. The Canadian Entomologist 111: 529–550. https://doi.
org/10.4039/Ent111529‑5

Smith IM (1982) Larvae of water mites of the genera of the superfamily Lebertioidea 
(Prostigmata: Parasitengona) in North America with comments on phylogeny and higher 
classification of the superfamily. The Canadian Entomologist 114: 901–990. https://doi.
org/10.4039/Ent114901‑10

Smith IM (1983a) Description of adults of a new species of Geayia (Acari: Parasitengona: 
Krendowskiidae) from southern Ontario. The Canadian Entomologist 115: 1489–1492. 
https://doi.org/10.4039/Ent1151489‑11

Smith IM (1983b) Description of adults of a new species of Uchidastygacarus (s.s) (Acari: 
Parasitengona: Arennuroidea) from eastern North America, with comments on distribu‑
tion of mites of the genus. The Canadian Entomologist 115: 1177–1179. https://doi.
org/10.4039/Ent1151177‑9

Smith IM (1983c) Description of Cowichania interstitialis n. gen., n. sp., and proposal of Cow‑
ichaniinae n. subfam., with remarks on phylogeny and classification of Hydryphantidae 
(Acari: Parasitengona: Hydryphantoidea). The Canadian Entomologist 115: 523–527. 
https://doi.org/10.4039/Ent115523‑5

Smith IM (1983d) Description of larvae of Neoacarus occidentalis (Acari: Arrenuroidea: Neoacari‑
dae). The Canadian Entomologist 115: 221–226. https://doi.org/10.4039/Ent115221‑3

Smith IM (1983e) Descriptions of two new species of Acalyptonotus from western North 
America, with a new diagnosis of the genus based upon larvae and adults, and com‑

https://doi.org/10.1080/01647958408683355
https://doi.org/10.1139/z86-352
https://doi.org/10.1139/z86-352
https://doi.org/10.1139/z87-399
https://doi.org/10.4039/entm10898fv
https://doi.org/10.4039/entm10898fv
https://doi.org/10.4039/Ent1091097-8
https://doi.org/10.4039/Ent111425-4
https://doi.org/10.4039/Ent111425-4
https://doi.org/10.4039/Ent111529-5
https://doi.org/10.4039/Ent111529-5
https://doi.org/10.4039/Ent114901-10
https://doi.org/10.4039/Ent114901-10
https://doi.org/10.4039/Ent1151489-11
https://doi.org/10.4039/Ent1151177-9
https://doi.org/10.4039/Ent1151177-9
https://doi.org/10.4039/Ent115523-5
https://doi.org/10.4039/Ent115221-3


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)162

ments on phylogeny and taxonomy of Acalyptonotidae (Acari: Parasitengona: Arren‑
uroidea). The Canadian Entomologist 115: 1395–1408. https://doi.org/10.4039/
Ent1151395‑10

Smith IM (1984a) Larvae of water mites of some genera of Aturidae (Prostigmata: Hygroba‑
toidea) in North America with comments on phylogeny and classification of the family. 
The Canadian Entomologist 116: 307–374. https://doi.org/10.4039/Ent116307‑3

Smith IM (1984b) Review of species of Trisetacus (Acari: Eriophyoidea) from North America, 
with comments on all nominate taxa in the genus. The Canadian Entomologist 116: 
1157–1211. https://doi.org/10.4039/Ent1161157‑9

Smith IM (1987b) Water mites of peatlands and marshes in Canada. Memoirs of the Entomo‑
logical Society of Canada No. 119, 31–46. https://doi.org/10.4039/entm119140031‑1

Smith IM (1989a) Description of two new species of Platyhydracarus gen. nov. from western 
North America, with remarks on classification of Athienemanniidae (Acari: Parasitengona: 
Arrenuroidea). The Canadian Entomologist 121: 709–726. https://doi.org/10.4039/
Ent121709‑8

Smith IM (1989b) North American water mites of the family Momoniidae Viets (Acari Arren‑
uroidea). I. Description of adults of Cyclomomonia andrewi gen. nov., sp. nov., and key 
to world genera and subgenera. The Canadian Entomologist 121: 543–549. https://doi.
org/10.4039/Ent121543‑7

Smith IM (1989c) North American water mites of the family Momoniidae Viets (Acari: Arren‑
uroidea). II. Revision of species of Momonia Halbert, 1906. The Canadian Entomologist 
121: 965–987. https://doi.org/10.4039/Ent121965‑11

Smith IM (1989d) North American water mites of the family Momoniidae Viets (Acari: Arren‑
uroidea). III. Revision of species of Stygomomonia Szalay, 1943, subgenus Allomomonia 
Cook, 1968. The Canadian Entomologist 121: 989–1025. https://doi.org/10.4039/
Ent121989‑11

Smith IM (1990a) Description of two new species of Stygameracarus gen. nov. from North Amer‑
ica, and proposal of Stygameracarinae subfam. nov. (Acari: Arrenuroidea: Athienemannii‑
dae). The Canadian Entomologist 122: 181–190. https://doi.org/10.4039/Ent122181‑3

Smith IM (1990b) Proposal of Nudomideopsidae fam. nov. (Acari: Arrenuroidea) with a review 
of North American taxa and description of a new subgenus and species of Nudomide-
opsis Szalay, 1945. The Canadian Entomologist 122: 229–252. https://doi.org/10.4039/
Ent122229‑3

Smith IM (1991a) Descriptions of new species representing new or unreported genera of Leb‑
ertioidea (Acari: Hydrachnida) from North America. The Canadian Entomologist 123: 
811–825. https://doi.org/10.4039/Ent123811‑4

Smith IM (1991b) North American water mites of the family Momoniidae Viets (Acari: Arren‑
uroidea). IV. Revision of species of Stygomomonia (sensu stricto) Szalay, 1943. The Cana‑
dian Entomologist 123: 501–558. https://doi.org/10.4039/Ent123501‑3

Smith IM (1991c) Water mites (Acari: Parasitengona: Hydrachnida) of spring habitats in 
Canada. Memoirs of the Entomological Society of Canada No. 123, 141–167. https://doi.
org/10.4039/entm123155141‑1

https://doi.org/10.4039/Ent1151395-10
https://doi.org/10.4039/Ent1151395-10
https://doi.org/10.4039/Ent116307-3
https://doi.org/10.4039/Ent1161157-9
https://doi.org/10.4039/entm119140031-1
https://doi.org/10.4039/Ent121709-8
https://doi.org/10.4039/Ent121709-8
https://doi.org/10.4039/Ent121543-7
https://doi.org/10.4039/Ent121543-7
https://doi.org/10.4039/Ent121965-11
https://doi.org/10.4039/Ent121989-11
https://doi.org/10.4039/Ent121989-11
https://doi.org/10.4039/Ent122181-3
https://doi.org/10.4039/Ent122229-3
https://doi.org/10.4039/Ent122229-3
https://doi.org/10.4039/Ent123811-4
https://doi.org/10.4039/Ent123501-3
https://doi.org/10.4039/entm123155141-1
https://doi.org/10.4039/entm123155141-1


Acari of Canada 163

Smith IM (1992a) North American species of the genus Chelomideopsis Romijn (Acari: Arren‑
uroidea: Athienemanniidae). The Canadian Entomologist 124: 451–490. https://doi.
org/10.4039/Ent124451‑3

Smith IM (1992b) North American water mites of the family Chappuisididae Motas and 
Tanasachi (Acari: Arrenuroidea). The Canadian Entomologist 124: 637–723. https://doi.
org/10.4039/Ent124637‑4

Smith IM (2003) North American species of Neoacarus Halbert, 1944 (Acari: Hydrachnida: 
Arrenuroidea: Neoacaridae). In: Smith IM (Ed.) An Acarological Tribute to David R. 
Cook. Indira Publishing House, West Bloomfield, 257–302.

Smith IM (2010) Water mites (Acarina: Hydrachnidiae) of the Atlantic Maritime Ecozone. In: 
McAlpine DF, Smith IM (Eds) Assessment of Species Diversity in the Atlantic Maritime 
Ecozone. NRC Press, Ottawa, 283–311.

Smith IM, Cook DR (1991) Water mites. Chapter 16. In: Thorp JH, Covich AP (Eds) Ecol‑
ogy and Classification of North American Freshwater Invertebrates. Academic Press, San 
Diego, 523–592.

Smith IM, Cook DR (1994) North American species of Neomamersinae Lundblad (Acari: 
Hydrachnida: Limnesiidae). The Canadian Entomologist 126: 1131–1184. https://doi.
org/10.4039/Ent1261131‑5

Smith IM, Cook DR (1998) Three new species of water mites representing new genera of Thya‑
dinae from North America (Acari: Hydrachnida: Hydryphantidae). International Journal 
of Acarology 24: 331–339. https://doi.org/10.1080/01647959808683600

Smith IM, Cook DR (1999a) North American species of Parathyasella Viets stat. nov. and 
Amerothyasella gen. nov. (Acari: Hydrachnida: Hydryphantidae). International Journal of 
Acarology 25: 43–50. https://doi.org/10.1080/01647959908683611

Smith IM, Cook DR (1999b) North American species of Tartarothyas Viets (Acari: Hydrach‑
nida: Hydryphantidae). International Journal of Acarology 25: 37–42. https://doi.
org/10.1080/01647959908683610

Smith IM, Cook DR (2005a) Description of a new species of Neolimnochares (Acari: Eylao‑
idea: Limnocharidae) from eastern North America. International Journal of Acarology 31: 
387–392. https://doi.org/10.1080/01647950508683680

Smith IM, Cook DR (2005b) Systematics of stream‑inhabiting species of Limnochares (Acari: 
Eylaoidea: Limnocharidae) in North America. International Journal of Acarology 31: 
379–385. https://doi.org/10.1080/01647950508683679

Smith IM, Cook DR (2006) North American species of Diamphidaxona (Acari: Hydrachnida: 
Hygrobatidae). Zootaxa 1279: 1–42. https://doi.org/10.11646/zootaxa.1279.1.1

Smith IM, Cook DR (2009a) Gereckea columbiensis n. gen., n. sp., a new water mite from west‑
ern North America (Acari: Hydrachnidiae: Pionidae: Huitfeldtiinae). International Journal 
of Acarology 35: 447–451. https://doi.org/10.1080/01647950903410051

Smith IM, Cook DR (2009b) Three new euthyadine water mites representing previ‑
ously unreported or inadequately known genera in North America (Acari: Hydrachni‑
diae: Hydryphantidae). International Journal of Acarology 35: 385–395. https://doi.
org/10.1080/01647950903292319

https://doi.org/10.4039/Ent124451-3
https://doi.org/10.4039/Ent124451-3
https://doi.org/10.4039/Ent124637-4
https://doi.org/10.4039/Ent124637-4
https://doi.org/10.4039/Ent1261131-5
https://doi.org/10.4039/Ent1261131-5
https://doi.org/10.1080/01647959808683600
https://doi.org/10.1080/01647959908683611
https://doi.org/10.1080/01647959908683610
https://doi.org/10.1080/01647959908683610
https://doi.org/10.1080/01647950508683680
https://doi.org/10.1080/01647950508683679
https://doi.org/10.11646/zootaxa.1279.1.1
https://doi.org/10.1080/01647950903410051
https://doi.org/10.1080/01647950903292319
https://doi.org/10.1080/01647950903292319


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)164

Smith IM, Cook DR, Bartsch I (2016) Trombidiformes, Prostigmata. In: Thorp J, Rodgers 
DC (Eds) Keys to Nearctic Fauna. Thorp and Covich’s Freshwater Invertebrates. Academic 
Press, 306–412.

Smith IM, Cook DR, Gerecke R (2015) Revision of the status of some genus‑level water mite taxa 
in the families Pionidae Thor, 1900, Aturidae Thor, 1900, and Nudomideopsidae Smith, 1990 
(Acari: Hydrachnidiae). Zootaxa 3919: 111–156. https://doi.org/10.11646/zootaxa.3919.1.6

Smith IM, Cook DR, Smith BP (2001) Water mites (Hydrachnida) and other arachnids. 
Chapter 15. In: Thorp JH, Covich AP (Eds) Ecology and Classification of North Ameri‑
can Freshwater Invertebrates (2nd edn). Academic Press, San Diego, 551–659. https://doi.
org/10.1016/B978‑012690647‑9/50017‑X

Smith IM, Cook DR, Smith BP (2010) Water mites (Hydrachnidiae) and other arachnids. In: 
Thorp JH, Covich AP (Eds) Ecology and Classification of North American Freshwater 
Invertebrates (3rd edn). Academic Press, San Diego, 485–586. https://doi.org/10.1016/
B978‑0‑12‑374855‑3.00015‑7

Smith IM, Lindquist EE, Behan‑Pelletier VM (1996) Mites (Acari). In: Smith IM (Ed.) Assess‑
ment of Species Diversity in the Mixedwood Plains Ecozone. Ecological Monitoring and 
Assessment Network, Burlington, 1–60.

Smith IM, Lindquist EE, Behan‑Pelletier VM (2011) Mites (Acari) of the Montane Cordillera 
Ecozone, Chapter 9. In: Scudder GGE, Smith IM (Eds) Assessment of Species Diversity in the 
Montane Cordillera Ecozone (2nd edn). Royal British Columbia Museum, Victoria, 193–268.

Southcott RV (1987) The classification of the mite families Trombellidae and Johnstonianidae 
and related groups, with the description of a new larva (Acarina: Trombellidae: Nothro-
trombidium) from North America. Transactions of the Royal Society of South Australia 
111: 25–42.

Southcott RV (1991) A new adult eutrombidiine mite (Acari: Microtrombidiidae) 
from North America. International Journal of Acarology 17: 271–274. https://doi.
org/10.1080/01647959108683918

Southcott RV (1992a) Adults and deutonymphs of Eutrombidium (Acarina: Trombidioidea) in 
North America. Acarologia 33: 335–348.

Southcott RV (1992b) Revision of the larvae of Leptus Latreille (Acarina: Erythraeidae) of 
Europe and North America, with descriptions of post‑larval instars. Zoological Journal 
of the Linnean Society 105: 1–153. https://doi.org/10.1111/j.1096‑3642.1992.tb01228.x

Southcott RV (1993) Revision of the taxonomy of the larvae of the subfamily Eutrombi‑
diinae (Acarina: Microtrombidiidae). Invertebrate Taxonomy 7: 885–959. https://doi.
org/10.1071/IT9930885

St. John MG, Bagatto G, Behan‑Pelletier V, Lindquist EE, Shorthouse JD, Smith IM (2002) 
Mite (Acari) colonization of vegetated mine tailings near Sudbury, Ontario, Canada. Plant 
and Soil 245: 295–305. https://doi.org/10.1023/A:1020453912401

Strandtmann RW (1982) Notes on Nanorchestes. 3. Four species from the Arctic tundra (Acari: 
Endeostigmata: Nanorchestidae). Pacific Insects 24: 69–77.

https://doi.org/10.11646/zootaxa.3919.1.6
https://doi.org/10.1016/B978-012690647-9/50017-X
https://doi.org/10.1016/B978-012690647-9/50017-X
https://doi.org/10.1016/B978-0-12-374855-3.00015-7
https://doi.org/10.1016/B978-0-12-374855-3.00015-7
https://doi.org/10.1080/01647959108683918
https://doi.org/10.1080/01647959108683918
https://doi.org/10.1111/j.1096-3642.1992.tb01228.x
https://doi.org/10.1071/IT9930885
https://doi.org/10.1071/IT9930885
https://doi.org/10.1023/A:1020453912401


Acari of Canada 165

Subías LS (2004) Listado sistemático, sinonímico y biogeográfico de los ácaros oribátidos 
(Acariformes, Oribatida) del mundo. Graellsia 60: 3–305. (updated online January 2018).

Sylvain ZA, Buddle CM (2010) Effects of forest stand type on oribatid mite (Acari: Orib‑
atida) assemblages in a southwestern Quebec forest. Pedobiologia 53: 321–325. https://
doi.org/10.1016/j.pedobi.2010.03.001

Theron PD (1979) The functional morphology of the gnathosoma of some liquid and solid 
feeders in the Trombidiformes, Cryptostigmata and Astigmata (Acarina). In: Piffl E (Ed.) 
Proceedings of the 4th International Congress of Acarology. Akadémiai Kiadó, Budapest, 
Saalfelden, 575–579.

Thewke SE, Enns WR (1979) Three new species of Hemicheyletia Volgin (Acarina: Cheyletidae) with 
a key to the known world species. Journal of the Kansas Entomological Society 52: 218–225.

Thistlewood HMA, Bostanian NJ, Hardman JM (2013) Panonychus ulmi (Koch), European 
red mite (Trombidiformes: Tetranychidae). In: Mason PG, Gillespie D (Eds) Biological 
Control Programmes in Canada 2001–2012 CAB International, Wallingford, 238–243. 
https://doi.org/10.1079/9781780642574.0238

Tixier M‑S, dos Santos VV, Douin M, Duso C, Kreiter S (2017) Great molecular variation 
within the species Phytoseius finitimus (Acari: Phytoseiidae): implications for diagnosis 
decision within the mite family Phytoseiidae. Acarologia 57: 493–515.

Treat AE (1975) Mites of Moths and Butterflies. Cornell University Press, Ithaca, 362 pp.
Ueckermann E (1989) A revision of the family Adamystidae Cunliffe (Acari: Prostigmata). 

Phytophylactica 21: 227–240.
Uppstrom K (2010) Mites (Acari) associated with the ants (Formicidae) of Ohio and the Har‑

vester Ant, Messor pergandei, of Arizona. PhD thesis, Ohio State University, Columbus.
Valim MP, Hernandes FA (2010) A systematic review of feather mites of the Pterodectes generic 

complex (Acari: Proctophyllodidae: Pterodectinae) with redescriptions of species described 
by Vladimír Černý. Acarina 18: 3–35.

Van Dis JCS, Ueckermann EA (1991) A review of the Pseudocheylidae Oudemans (Acari: 
Prostigmata). Phytophylactica 23: 105–113.

Virgilio M, Backeljau T, Nevado B, De Meyer M (2010) Comparative performances of DNA 
barcoding across insect orders. BMC Bioinformatics 11: 206. https://doi.org/10.1186/ 
1471‑2105‑11‑206

Walter DE (1988a) Nematophagy by soil arthropods from the shortgrass steppe, Chihuahuan 
desert and rocky mountains of the Central United States. Agriculture, Ecosystems & Envi‑
ronment 24: 307–316. https://doi.org/10.1016/0167‑8809(88)90074‑6

Walter DE (1988b) Predation and mycophagy by endeostigmatid mites (Acariformes: Prostigmata). 
Experimental and Applied Acarology 4: 159–166. https://doi.org/10.1007/BF01193873

Walter DE (2009a) Genera of Gymnodamaeidae (Acari: Oribatida: Plateremaeoidea) of Can‑
ada, with notes on some nomenclatorial problems. Zootaxa 2206: 23–44.

Walter DE (2009b) Suborder Endeostigmata. In: Krantz GW, Walter DE (Eds) A Manual of 
Acarology (3rd edn). Texas Tech University Press, Lubbock, 421–429.

https://doi.org/10.1016/j.pedobi.2010.03.001
https://doi.org/10.1016/j.pedobi.2010.03.001
https://doi.org/10.1079/9781780642574.0238
https://doi.org/10.1186/
https://doi.org/10.1016/0167-8809(88)90074-6
https://doi.org/10.1007/BF01193873


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)166

Walter DE, Bolton S, Uusitalo M, Zhang Z‑Q (2011) Suborder Endeostigmata Reuter, 1909. 
In: Zhang Z‑Q (Ed.) Animal biodiversity: An outline of higher‑level classification and 
survey of taxonomic richness. Zootaxa 3148: 139–140.

Walter DE, Gerson U (1998) Dasythyreidae, new family, and Xanthodasythyreus n. g. (Acari: 
Prostigmata: Raphignathoidea) from Australia. International Journal of Acarology 24: 
189–197. https://doi.org/10.1080/01647959808683584

Walter DE, Latonas S (2012) Almanac of Alberta Acari part II. version 2.1. Royal Alberta 
Museum, Edmonton, 159 pp. https://www.royalalbertamuseum.ca/research/lifeSciences/
invertebrateZoology/research.cfm [accessed 04 April 2018]

Walter DE, Latonas S (2013) A review of the ecology and distribution of Protoribates (Ori‑
batida, Oripodoidea, Haplozetidae) in Alberta, Canada, with the description of a new 
species. Zootaxa 3620: 483–499. https://doi.org/10.11646/zootaxa.3620.3.9

Walter DE, Latonas S, Byers K, Lumley L (2014) Almanac of Alberta Oribatida part I. version 
2.4. Royal Alberta Museum, Edmonton, 542 pp. https://www.royalalbertamuseum.ca/
research/lifeSciences/invertebrateZoology/research.cfm [accessed 04 April 2018]

Walter DE, Lindquist EE, Smith IM, Cook DR, Krantz GW (2009) Order Trombidiformes. 
In: Krantz GW, Walter DE (Eds) A Manual of Acarology (3rd edn). Texas Tech University 
Press, Lubbock, 233–420.

Walter DE, Proctor HC (1998) Feeding behaviour and phylogeny: observations on 
early derivative Acari. Experimental and Applied Acarology 22: 39–50. https://doi.
org/10.1023/A:1006033407957

Walter DE, Proctor HC (2013) Mites: Ecology, Evolution & Behaviour: Life at a Microscale 
(2nd edn). Springer, Dordrecht, 494 pp. https://doi.org/10.1007/978‑94‑007‑7164‑2

Walter DE, Seeman OD (2017) A new species of Paracarophenax (Acariformes: Acarophen‑
acidae) with a new means of phoretic attachment. International Journal of Acarology 43: 
329–335. https://doi.org/10.1080/01647954.2017.1287216

Walters BL, Whitaker JO Jr, Gikas NS, Wrenn WJ (2011) Host and distribution lists of chiggers 
(Trombiculidae and Leeuwenhoekiidae), of North American wild vertebrates north of 
Mexico. Faculty Publications from the Harold W. Manter Laboratory of Parasitology No. 
697, 183 pp. http://digitalcommons.unl.edu/parasitologyfacpubs/697

Wheeler TA, Threlfall W (1986) Observations on the ectoparasites of some Newfoundland 
passerines (Aves: Passeriformes). Canadian Journal of Zoology 64: 630–636. https://doi.
org/10.1139/z86‑093

Wheeler WM (1910) Two new myrmecophilous mites of the genus Antennophorus. Psyche 17: 
1–6. https://doi.org/10.1155/1910/56964

Whitaker JO Jr, French TW (1982) Ectoparasites and other associates of some insectivores and 
rodents from New Brunswick. Canadian Journal of Zoology 60: 2787–2797. https://doi.
org/10.1139/z82‑357

Whitaker JO Jr, Walters BL, Castor LK, Ritzi CM, Wilson N (2007) Host and distribution 
lists of mites (Acari), parasitic and phoretic, in the hair or on the skin of North American 
wild mammals north of Mexico: records since 1974. Faculty Publications from the Har‑

https://doi.org/10.1080/01647959808683584
https://www.royalalbertamuseum.ca/research/lifeSciences/invertebrateZoology/research.cfm
https://www.royalalbertamuseum.ca/research/lifeSciences/invertebrateZoology/research.cfm
https://doi.org/10.11646/zootaxa.3620.3.9
https://www.royalalbertamuseum.ca/research/lifeSciences/invertebrateZoology/research.cfm
https://www.royalalbertamuseum.ca/research/lifeSciences/invertebrateZoology/research.cfm
https://doi.org/10.1023/A:1006033407957
https://doi.org/10.1023/A:1006033407957
https://doi.org/10.1007/978-94-007-7164-2
https://doi.org/10.1080/01647954.2017.1287216
http://digitalcommons.unl.edu/parasitologyfacpubs/697
https://doi.org/10.1139/z86-093
https://doi.org/10.1139/z86-093
https://doi.org/10.1155/1910/56964
https://doi.org/10.1139/z82-357
https://doi.org/10.1139/z82-357


Acari of Canada 167

old W. Manter Laboratory of Parasitology No. 1, 173 pp. http://digitalcommons.unl.edu/
parasitologyfacpubs/1

Williams GL, Smiley RL, Redington BC (1978) A taxonomic study of the genus Haemoga-
masus in North America, with descriptions of two new species (Acari: Mesostigmata: 
Laelaptidae). International Journal of Acarology 4: 235–273. https://doi.org/10.1080/ 
01647957808683122

Wilson J, Sing K, Floyd RM, Hebert PD (2017) DNA barcodes and insect biodiversity. In: 
Foottit RG, Adler PH (Eds) Insect Biodiversity. Blackwell Publishing Ltd, Oxford, 575–
592. https://doi.org/10.1002/9781118945568.ch17

Wisniewski J, Hirschmann W (1992) Gangsystematische Studie von 3 neuen Antennophorus‑
Arten aus Polen (Mesostigmata, Antennophorina). Acarologia 33: 233–244.

Wood TG (1972) New and redescribed species of Ledermuelleria Oudms and Villersia Oudms. 
(Acari: Stigmaeidae) from Canada. Acarologia 13: 301–318.

Wrenn WJ (1987) Key to larval Euschoengastia (Acari: Trombiculidae) in North America. Jour‑
nal of Medical Entomology 24: 221–228. https://doi.org/10.1093/jmedent/24.2.221

Yoder JA, Jajack AJ, Tomko PM, Rosselot AE, Gribbins KM, Benoit JB (2012) Pollen feeding 
in Balaustium murorum (Acari: Erythraeidae): visualization and behaviour. International 
Journal of Acarology 38: 641–647. https://doi.org/10.1080/01647954.2012.733024

Young MR, Behan‑Pelletier VM, Hebert PD (2012) Revealing the hyperdiverse mite fauna 
of subarctic Canada through DNA barcoding. PLoS ONE 7: e48755. https://doi.
org/10.1371/journal.pone.0048755

Young MR, Hebert PDN (2015) Patterns of protein evolution in cytochrome c oxidase 1 
(COI) from the class Arachnida. PLoS ONE 10: e0135053. https://doi.org/10.1371/jour‑
nal.pone.0135053

Yunker CE, Binninger CE, Keirans JE, Beecham J, Schlegel M (1980) Clinical 
mange of the black bear, Ursus americanus, associated with Ursicoptes americanus 
(Acari: Audycoptidae). Journal of Wildlife Diseases 16: 347–356. https://doi.
org/10.7589/0090‑3558‑16.3.347

Zacharda M (1979) Strandtmanniidae – a new family of Eupodoidea (Acarina: Prostigmata). 
Vestnik Ceskoslovenske Spolecnosti Zoologicke 43: 76–81.

Zacharda M (1986) New taxa of Rhagidiidae (Acari: Prostigmata) from North America. Part 1. 
Canadian Journal of Zoology 64: 2531–2542. https://doi.org/10.1139/z86‑374

Zacharda M (1995a) New taxa of Rhagidiidae (Acari: Prostigmata) from North America. Part 
2. The genera Kouchibouguacia Zacharda and Shibaia Zacharda. Canadian Journal of Zool‑
ogy 73: 589–599. https://doi.org/10.1139/z95‑068

Zacharda M (1995b) New taxa of Rhagidiidae (Acari: Prostigmata) from North America. Part 
3A. Genus Rhagidia Thorell: the gigas species‑group. Canadian Journal of Zoology 73: 
1247–1258. https://doi.org/10.1139/z95‑149

Zacharda M (1996) New taxa of Rhagidiidae (Acari: Prostigmata) from North America. Part 4. 
Genus Foveacheles Zacharda, with a key to world species. Canadian Journal of Zoology 74: 
343–356. https://doi.org/10.1139/z96‑042

http://digitalcommons.unl.edu/parasitologyfacpubs/1
http://digitalcommons.unl.edu/parasitologyfacpubs/1
https://doi.org/10.1080/
https://doi.org/10.1002/9781118945568.ch17
https://doi.org/10.1093/jmedent/24.2.221
https://doi.org/10.1080/01647954.2012.733024
https://doi.org/10.1371/journal.pone.0048755
https://doi.org/10.1371/journal.pone.0048755
https://doi.org/10.1371/journal.pone.0135053
https://doi.org/10.1371/journal.pone.0135053
https://doi.org/10.7589/0090-3558-16.3.347
https://doi.org/10.7589/0090-3558-16.3.347
https://doi.org/10.1139/z86-374
https://doi.org/10.1139/z95-068
https://doi.org/10.1139/z95-149
https://doi.org/10.1139/z96-042


Frédéric Beaulieu et al.  /  ZooKeys 819: 77–168 (2019)168

Zacharda M (1997) New taxa of Rhagidiidae (Acari: Prostigmata) from North America. Part 5. 
Genus Robustocheles Zacharda, with a key to world species of the genus. Journal of Natural 
History 31: 1075–1103. https://doi.org/10.1080/00222939700770571

Zhang RL, Zhang B (2014) Prospects of using DNA barcoding for species identification and 
evaluation of the accuracy of sequence databases for ticks (Acari: Ixodida). Ticks and Tick‑
borne Diseases 5: 352–358. https://doi.org/10.1016/j.ttbdis.2014.01.001

Zhang Z‑Q (1992) Notes on the occurrence and distribution of the biocontrol agent, Allo-
thrombium pulvinum Ewing (Acari, Trombidiidae), in a peach orchard in China. Journal of 
Applied Entomology 113: 13–17. https://doi.org/10.1111/j.1439‑0418.1992.tb00632.x

Zhang Z‑Q (2003) Mites of Greenhouses: Identification, Biology and Control. CABI Publish‑
ing, Wallingford, 244 pp. https://doi.org/10.1079/9780851995908.0000

Zhang Z‑Q (2011) Animal biodiversity: an introduction to higher‑level classification and taxo‑
nomic richness. Zootaxa 3148: 7–12.

Zhang Z‑Q, Fan Q‑H, Pesic V, Smit H, Bochkov AV, Khaustov AA, Baker A, Wohltmann A, 
Wen TH, Amrine JW, Beron P, Lin JZ, Gabrys G, Husband R (2011) Order Trombid‑
iformes Reuter, 1909. In: Zhang Z‑Q (Ed.) Animal biodiversity: an outline of higher‑level 
classification and survey of taxonomic richness. Zootaxa 3148: 129–138.

Zmudzinski M, Skoracki M (2017) An updated checklist of quill mites of the family Syrin‑
gophilidae (Acariformes: Prostigmata). https://sites.google.com/site/syringophilidae/ 
[accessed 1 September 2018]

https://doi.org/10.1080/00222939700770571
https://doi.org/10.1016/j.ttbdis.2014.01.001
https://doi.org/10.1111/j.1439-0418.1992.tb00632.x
https://doi.org/10.1079/9780851995908.0000
https://sites.google.com/site/syringophilidae/

	Acari of Canada
	Abstract
	Introduction
	Methods
	Overview of faunal diversity
	Molecular data for species delineation and diversity assessment
	Adventive species

	Superorder Parasitiformes
	Order Ixodida
	Order Mesostigmata
	Suborder Sejida
	Suborder Trigynaspida
	Suborder Monogynaspida: Infraorder Uropodina
	Superfamilies Microgynioidea, Thinozerconoidea, Diarthrophalloidea
	Superfamily Uropodoidea
	Suborder Monogynaspida: Infraorder Gamasina
	Superfamilies Epicrioidea, Zerconoidea, Arctacaroidea
	Superfamilies Parasitoidea, Veigaioidea
	Superfamily Rhodacaroidea
	Superfamily Eviphidoidea
	Superfamily Ascoidea
	Superfamily Phytoseioidea
	Superfamily Dermanyssoidea

	Superorder Acariformes: Order Trombidiformes
	Suborder Sphaerolichida
	Suborder Prostigmata
	Infraorder Labidostommatina
	Infraorder Eupodina
	Superfamily Bdelloidea
	Superfamily Eupodoidea
	Superfamily Tydeoidea
	Infraorder Anystina: Hyporder Anystae
	Infraorder Anystina: Unplaced superfamily
	Superfamily Halacaroidea
	Infraorder Anystina: Hyporder Parasitengona
	Terrestrial forms (parvorders Erythraeina and Trombidiina)
	Aquatic forms (parvorders Hydrachnidia and Stygothrombiina)
	Infraorder Eleutherengona: Hyporder Raphignathina
	Superfamily Cheyletoidea
	Superfamily Myobioidea
	Superfamily Pterygosomatoidea
	Superfamily Raphignathoidea
	Superfamily Tetranychoidea
	Infraorder Eleutherengona: Hyporder Heterostigmata
	Superfamily Dolichocyboidea
	Superfamily Heterocheyloidea
	Superfamily Pyemotoidea
	Superfamily Pygmephoroidea
	Superfamily Tarsocheyloidea
	Superfamily Tarsonemoidea
	Superfamily Trochometridioidea
	Infraorder Eleutherengona: Unplaced superfamily
	Superfamily Cloacaroidea

	Superorder Acariformes: Order Sarcoptiformes
	Suborder Endeostigmata
	Endeostigmata in the traditional sense (unplaced families)
	Superfamily Eriophyoidea
	Suborder Oribatida (excl. Astigmata)
	Hyporder Astigmata
	Superfamily Histiostomatoidea
	Superfamily Hemisarcoptoidea
	Superfamily Glycyphagoidea
	Superfamily Acaroidea
	Superfamily Hypoderatoidea
	Superfamily Sarcoptoidea
	Superfamilies Pterolichoidea, Analgoidea
	Heterocoptidae

	Knowledge gaps and opportunities
	Contributions of authors
	Acknowledgments
	References

