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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unpublished and may require verification.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, Penalver 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, Déchéne 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 (BING:
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)
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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 Zhangetal. (2011) and Schatz etal. (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
etal. (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, 188,
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 ¢ 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, Niedbata 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
etal. 2014, Dona 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
BINGs), 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 20104a).

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 Halagkov4’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 hosts
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 etal. 2009b, Beaulieu etal. 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 Arcroseius (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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etal. (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 Plazyseius
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 etal. (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).

Laclapidae 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 laclapids 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, Stigmacidae,
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), Erythracidae (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 lolinidae
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 (A/lothrombium) 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 (Erythracidae: 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 Leeuwenhockiidae 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, Makol 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 etal. 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:



Acari of Canada 109

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 (7riatoma 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 Stigmacidae 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 Stigmacidae (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
etal. (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 Sizeroptes (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 20* 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, Déchéne
and Buddle 2009, McAdams et al. 2018).



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

SOLITRI ] I 0 I 0 sepriuoyiyooreydg
SoLITeI ] I 0 0 I sepriuoyyoordey
sure[q
ﬂocgmvuu@z »NHU=:UHOU QUEIUOIN 1 0 1 vN UNﬂu::OJMJUOEmOU
eaproroydojdorosg Aprurejradng
QWINITEIA Ut:mﬁu< hm:MN—nH
7007 BEqPIIN POOMPIXIA] SR “BID[[IPIO]) [E2I0F I I 4 T seprioydordosapy
SUIE[] POOMPIXIA! I 0 0 0 LAEPITUUBWYO]
9107009 [[e ¢ ¥ 4 4 sepriuoyIydodAry
£00T TO1I[[2J-UBYdg PUE UOLION] PIEMINOS PUE SIU0Z023 [E2I10¢ < I ¢ 4 QEpIIUOYIYdOTUY
eaproruoqiydodAf] Ajrureyradng
SUTE[] POOMPAXIJA] ‘SUTE[] €210
.N\—U—:ﬁkou —thom .MEMH:NZ U—:.:UNAH 0 0 1 1 UN.—USQO#—HE—UO\—UHQ
wﬁ_.ﬂnﬂ ﬁoog.—umxmz ..N\—U—:.Tkou
[e210¢ ‘OWNMEA] SNUEY PUE OYIOE] 0 0 1 1 aepriuoyigdodory
eaproruoyiypodory Afrurejradng
y10C
e 32 I[N L861 [B 32 [lBYSIEN 2102039 [[e LS S6 8¢ 54 aepruoyIydAyoRIg
eaproruoyyAyoeig Ajrureyradng
BJOUOIYIIRUY IIPIOLIUL

SUI[] POOMPIXIA! I 0 0 0 SEPLIEDEUN])

SOLITRI ]
‘BID[[IPIOD) SUBIUOJA QWINHEIA JYIOE] 0 0 1 1 seprresepydy
QWL dGIE] ! 0 0 0 sepredeydppy
eaproreorud))) Aruregradng
$9U0Z092 Is0W 1 0 1 1 SEPLIEJEIE[E]
eaproresesere Arurejradng
ELURISIG AN U—«.«MUNHH 0 0 1 0 DN.—U:F—HOEODE—U\—/\
SWINLIEA OB 0 0 I 0 sepryoLuoresy
eaproydLuoredy Aprureyradng

BJRWOSO0IEE] IIPIOLIUL
(6£61)
N—U.N—HNU ur WUmuu&m §m1ﬂsu .—.N pE] meﬂ—ﬁvﬁv:_‘n—
sarads paprosarun ro I0J J[qe[IEAR  EPEUE]) WO UMOUY| uy paysodax
$32JN0S -ucmu.NEHc.*:H <~0=°N°UU %J —-cmﬁ.ﬂﬁmkﬁwmﬂv —.NHO-kQU 10n~m.~UmU.—v== ‘ou “Isyq NWZMM "ONl %—H:Oh.u-.-u WUMUQQW "ONl wvmuumm "ON ~=°§.H.

116

‘epeue]) ul AquuO.tu&OUuwm :SOWHIOJITRdY, “T—NU<V Nuwawﬁm< MC:US—UNM AN._U_..:WA:‘—O uU@uOLSw 23 JO snsua)) *q Id|qe|



117

Acari of Canada

/861 Te 3 [[eysIeNl $9U0Z029 [[B [ < ¢ ¢ SEPLIYIOUOIB[RIA!
SIOIY QWINHEA SHUERY PUE OYIOE] 4 / S ¢ SePIIUURWIIL]
€661 JoreD 2102033 [[e 194 0L 44 <l SEpIIUOI0IT)
eaprofuojor) Afrwrejradng
eupyioN JaprodAg
TIBWOUOWSI(] IIpIoLIU]
00T BeqpaIN 9107009 e /€ 89 8T 01 SEPLIBIRIIY
eaproreseIyiy Apruweysadng
QWD DY 4 4 T 0 SepIMINOYIUAS
PIEMINOS PUE S3U0Z0d BFre], / 11 ¢1 4 QepmoquO)
$2U0Z009 [[E L1 0¢ 61 9 seprresernydng
2007 *eqpaIN eoproresearpydng Apwegsadng
SUTE[] POOMPAXIJA] ‘SILITEI ]
BID[[II0D) PEIB], OWNLEIN dYIOE] 4 4 1 1 sepruuewyopdy
eaproruuewyoidy Ajruweysadng
®IA[[1p10)) 3re]
ONOTY QWNLEJA JNUE[Y PUE DYIOE] z z 1 0 SEPHUUEWYO[Id]
eaproruuewyoId] A[rureyradng
SUTE[] POOMPAXIJA “BId[[IpI0)) ¥3re],
ONOTY QWNLEJA ONUB[Y PUE OYIOE] 1 0 1 1 sepriuuewyo[ny
eaprofuuewyopny Ajrureysadng
EJRWOUOXIJA] JPIOLIJU]
SUTe[ ] POOMPIXTJA] ‘SILITRI] ‘SUTE[]
[e210¢ ‘OWIILIBJA] OIIUE[IY PUB DYIE] 1 0 T 1 sepriuoyiydodLyre g
sure[q
POOMPIXIA “P[RTYS [B10¢ O1OIY
eIR[Ip10) YAV, SWRLEN dY1ov] I 0 z I sepriuoyypodAyany
eaproruoyiydodLyreg Ajrurejradng
erewosodyre Jopioeryuy
[ea10g
PUE[PUNOJMIN] DWNLIEJA JBUE[Y
TLGT 2499 PUE [[eysIejy ‘SUIE[] POOMPIXIN ‘P2IYS [E210¢] 0 0 I 3 SEPITUOTIYILIT,
861 uorMoN SUte] POOMPXIN 0 0 I 0 SrpriuoyyRLOqry
BIPIOIUOIYOINIY A[rurejradng
(6£61)
.N.—U.N-HNU ur wvmbu&w sm1mso .—.N pE] meﬂ—ﬁvﬁv—u_.n—
sarads paprosarun ro 10§ J[qereAe epeUr) WoLy umouy| uy paysodax

$32JN0S -uO_‘H.NE.:N*:H

<~0=°N°QU .%J ——omﬁ.ﬂﬁmkﬁwmﬂv —.NHOGQU

10n=.~UmH.—U== ‘ou “Isyq

SNIF ON

%—a—-u‘::u sa10ads *oN]

sarads *oN

uﬂ:vundyﬁ




77-168 (2019)

eu et al. | ZooKeys 819.

ic Beauli

€Tl

Fréd,

118

~NUHOm ﬁﬁm:uﬁjovwguz .Umuu.;\

fS9U0Z003 BII[[IPI0)) DWNLEIN OYIE] ¢ ¢ z o SEPIARWAIAED)
%00T Te 32 WYD SUTe[J POOMPXIN 0 0 I 0 SeplLowy
eaprorwry Aruweyradng
SUTE[] POOMPAXIJA] “QWINLIBIA] DYIOE] I 0 I 0 SBPIIAZOIDTA
©3P1039Z0I A[Tweysadng
BII[[IPIO) [edI0g 1 0 0 0 sepnazorndAjog
[E210¢] PUBIPUNOJMAN]
QWNHEN JNUENY ‘PRIYS [e210g 0 0 1 0 sepraedarordopog
SWRLIBN OGIE] 0 0 1 0 aepraydasopoN
eaprojazorndLjog Arweyradng
10T T 32 PIEA $2U0Z029 [[E Al T 6 S Qepnazoedwor)
wﬁ_wﬁnm ﬁOO\Ky—UMNME
QWINLIEJA OBUE[Y PUE OYIOE] 1 4 0 1 SeproRWAIIpUY
eaprosedoinyg Aprweysadng
S861
‘€861 UOLION PUE I9NI[[3]-UBYdY $9U0Z029 [[& 29 Ll [ord <4 sepreewe(
eaproseuwre(y Ajrurejradng
PI2IYS [E210¢ ‘SUTE|] POOMPIXIJA! I 0 0 0 SepIOEWAIANE| ]
SWILIEJA] JNUE[IY PUE DYIdE] 1 I 0 I SEPIPRWEPOUDIT
®6007 1A $9U0Z022 [[& [od oy 11 / sepraewepouwAn)
eaprosewoaNe|] Awejradng
PIEMIN0S PUE $U0Z023 [E2I0¢ < 6 4 4 ,PEPIPOT[OaN]
eaproporjoaN Aprureyradng
SUIE[] POOMPIXIA! 1 0 0 0 sepneqowWse| ]
PIEMINOS PUE SIUOZ0D3 [E210¢ ¢l <4 < ¢ SEPI[[PIUUBWISE]
eapropruuewdyy Afrweysadng
eurjAdAyoesg saprodAg
Y10T Te 39 IIEA
BG61 NISSI PUE IANI[[3]-UBYdY
‘9661 ‘8861 Te 32 UOIION $2U0Z029 [[E 01 6T L 4 sepriuoyiyoodAyy,
y10T
e 32 I[N /861 B 32 [[BYSIEN $2U0Z009 e [44 |84 01 S SEPLTION
$9U0Z052 150U 4 |4 ¢ 4 SEPHUUBWIYUEN]
(6£61)
.N.—U.N-HNU ur wvaumw sm1ﬁso .—.N pE] Hw_.:mvﬁ:h_.n—
sapads papiodarun 1o I0J J[qe[IEAR  EPEUE) WO UMOUY| uy paysodax
$32JN0S =°_‘H.NEH°.*=H <~0=°N°QU %J =°mﬂ=£mkﬂwm1 —.NHOGOU 10n~m.~Umu.—v== ‘ou “Isyq NWZMM "ONl %—Hnuvh.u—.-u WUMUOQW "ON wvmaumm "ON ud.:vundyﬁ




119

Acari of Canada

L861 TE R [[eysIEN 2102039 [[e 8y 0L €l 4 SEpIq[PqoIong
eaprojaziiy, Ajrureyradng
$10T T2 32 1[EA 010C
IONI[PJ-ULYI /86T [E 32 [[EYSTEA 53102009 [[e S 9 / S seprwosuAyy,
$2U0Z029 [[E 9 6 ¢ e sepriddorpendy
$10T T2 32 1[EA “010C
1on3[[Pd-UrYdg /861 T8 32 [[EYSIEN $2U0Z039 e 09 44 91 «0C aepuddo
SUIE]J POOMPIXIIN s 0 0 0 SEPIPIYEN
G107 ToRd[[J-ueydg 59107009 [[e / 6 S ¢ sepnaudoiny
eaprorddQ Aprweysadng
8661 TPNA[PJ-ULYdG
PUE $2A99Y TG6T $2499Y $2U0Z009 [[e 4 € 91 ¥ aeprpoqere))
eapropoqere)) Ajrurejradng
PIEM[INOS PUE SIUOZ0DI [E2I0F / 1 4 ¢ sepIemuay.
8107 ‘10T
‘110T OpUr ‘010T ‘e 32 opur| 59107009 [[e €9 99 L1 8 \oepriddopag
59107009 [[e <4 o¢ 8 seprresery
SWINLIBA OYIOE] 0 0 1 0 SepI[[eIPOY]
SUTE[] POOMPIXIA] ‘SALITEI ]
‘SUTR[] [B21O( QWINLIBJA OGIOE ] [ 8 1 1 Sepriaeasnoy
/861 "Te 3 [[eysTe\ 9107009 e 4! 17 < ¢ aepnsIZAsy
eaproiaelsnx) Ajrwrejradng
SUTE[] POOMPIXIIA 1 0 0 0 SEPNSIYDI0IZ
SUIE[] POOMPIXIIA| ‘PRIYS [E210¢]
0661 1PR2[PJ-ueyag 591072029 BID[[IPIO)) DWNIIBIA] DYIOE] ¢ ¢ S 1 seprovwaIadajy
€661 TNI[[J-urydg $2U0Z009 [[e 0¢ 68 € S SeprarwaIy
©IPI01SaYDI037 Afrwreysadng
BID[[IPIO)) QUBIUOJA!
QUINTIEJ\ SNUENY PUE OYIDE] ¢ 0 0 0 sepiqpqoredungy
SUIE[J POOMPIXIA ¢ 3 1 1 ST
SUTE[] POOMPIXIJA! 6 6 1 1 aepIqPqOWIY
SUTE[] POOMPIXIJA!
‘SUTe[ [EI0 DWNLIE]A OYIOE] I 0 I 1 sepIjodruIe(]
(6£61)
epeue)) ux sapads uerpeue) *Ie 32 3smbpury
sarads paprosarun ro 10§ J[qereAe eprUE)) WOIJ UMOUY] uy paysodax

$32JN0S -uO_‘H.NEHG.*:H <~0=°N°QU .%J ——cmﬁ.ﬂﬁmkﬁwmﬂv —.NHOGOU

10n=.~Umu.—u== ‘ou “Isyq

SNIF ON

%—a—-u‘::u sa10ads *oN]

sarads *oN

uﬂ:vundyﬁ




77-168 (2019)

eu et al. | ZooKeys 819.

ic Beauli

€Tl

Fréd,

120

€107 SeUOIE PUE 19[eA\ 59107009 [[e <€ 6¢ 41 S sepnazofdery
eapropoduQ Ajrureyradng

10T TIEA\ PUE 1913[[2]-Ueydg
‘€10T T10T 219[[2d-uey>g 2102039 [[e €T 9% [44 4t SEPIPIGHO
eapro[pPrequQ Ajrweysadng

L10T 1oRa[[>d-uey2g
‘CTOT 1I[EA\ PUE TONI[[2J-UrYd 59102009 [[e <4 0y 9 S seprequodar,
800 Te 32 opurT $2U0Z039 [[e 0t €S 4t 4 seprdiypy
eapropadiyoy Aprurejradng
600T TI[EA\ PUE 1913[[]-Ueydg PIEMINOS PUE SU0Z0d BJre] 0 0 1 0 sepnequompun
986 JANI[[2J-UBYdyg PUE UOLION] 59102009 [[e ¥ <] 8 ¢ yreeprdopadouay g
eaprodojpdouay Aruwreysadng
SOLITEI| “BID[[IPIO)) SUBIUOJA] / / 1 1 SEPIONIA0INDG
SOLITEI] ‘PRI [B210g ‘SUTE[] [E210¢
‘SEID[[IPIO)) QUBIUOJA] PUE [E2I0F z z z 1 9BPNIAZOTESSE]
SWINLIEJ\ SNUB[IY ‘SUTE[] POOMPIXIIA 1 ¢ 1 1 SEPIWAIIIA!
SWINLIBA OYIOE] 1 0 0 0 SEPIIRWAIIUIIT
SUTE[] POOMPIXIJA! 1 z 1 0 QepI[PWaIg
G00T 'T& 39 1ONI[[dJ-Ueydg SWINLIBA OYIOE] ¥ ¥ 1 0 SEPIIRWIII0IPUI(]
eaprosewaIdUOrY Arweysadng
010 T& 32 UoaIoN
BESGT £8GT 1N J-UrYdY $9U0Z022 [[& 81 o¢ 8 1 SeproewaIdequAD)
eaprosewarequA) Arwejradng
qL661 TPRR[[PJ-urydg SWINLIEJ\ JNUE[Y ‘SUTR[] POOMPIXIA 1 0 1 0 seprpoue0aday,
SWINLIEA OYIOE] 1 0 0 0 SEPIEQLIOUD[IS
[ea10g
/86T 'Te 32 [leysIej PUB[PUNOJMAN] ONDIY ‘SUTE[] [E210¢] ¢ 9 ¥ ¢ ¢ PEpLIYIOUOIDWY
eaproryrouosdwy Arwejradng
q6861 TPNI[PJ-ueyag $9U0Z023 Is0W / / 01 1 sepnazouwr|
$9U0Z002 150U 9 8 ¥ 4 2epnazoIpAL|
eaproyozouwr] Ajrureyraodng
$9U0Z022 [[& 0¢ 1€1 z ¢ aep1aydao01a],
©ap109yd200303], Ajrwrejradng
(6£61)
epeue)) ux sapads uerpeue) *Ie 32 3smbpury
sarads paprosarun ro 10§ J[qereAe eprUE)) WOIJ UMOUY] uy paysodax

$32JN0S -uO_‘H.NEHG.*:H

<~0=°N°QU .%J ——cmﬁ.ﬂﬁmkﬁwmﬂv —.NHOGOU

10n=.~Umu.—u== ‘ou “Isyq

SNIF ON

%—a—-u‘::u sa10ads *oN]

sarads *oN

uﬂ:vundyﬁ




121

Acari of Canada

(6L61) “Te 32 3smbpury ur 5epreqodLJAl sy, *9EPHEQOISWNE] Ul MOU “DEPNIAZOILId]) Ul papnpur A[snoiadid sarwqosoungy,, -epieq
-110[aYydg ur mou ‘aeprpodi(y ur papnput A[snotaaid spousdrarf,, “epMeqLIQ) Ul PIPN[IUT SEM SEPHEGLO[YIS,, “(6£6T) Te 32 3smbpur ur aeprdofa ] sy, "9epresepo ] Jouwiioj sapnjoul, -eprddQ ur papnpur
sea depriddorpend),, “(6461) 'Te 22 3smbpury ur seprddormdj sy, "2epI[IuaY 1oWio] sapnpPuUy, *(6461) Te 32 3smbpury ur seproyda)) sy *(v2ddoja) ) Seproewrepoqag 10wio] jo sired sOpNIOUT FBPILWAIAE ),
‘aeprrwEpoqpRg jo sited pue JepIqRg 1WI0F SIPNIUT, *(66T) ‘Te 32 ISIDPUIT Ul SEPIPOIT Sy, SEPIISIWEY) JPWI0J SIPN[IUL, DEPIUOIYIN], Ul MOU QEPITUOYIYOOWSOD) Ul papnjout A[snoradid snzuogqiqors
-seprioydordoyory 1owioy sapnpduy, $2u0z039 jo dew e 10y (G107) Fo3urT Ul [ 2By 929Gy, (C107) HPGIH PUT WeySuIseuIry] Ul pauydp st IIqUINN] Xopu] dpodieq, "dEPHEqLIOSI, 10§ (£10T) FON[[RJ-Ueydq
£2aPI09EING 10§ (1 (7) AO[IWIF PUE UOLION] DEPI[[IBQIIQ) 10§ (€ (T) TPNIJ-Ueydq Depnazo[def] 10J (6007) SEUOILT pue 121[eA\ Aq SUONEIYIPOW JO UONIPPE dY3 YIIM ‘[ [T '[€ 19 ZIBYDS SMO[[O] UONBIYISSE[D),

"EPEUE]) UI PAIDI[[0D UDI] SEY [ELIAIBW PIUTULINOPUN JWOS S109ds UMOUY () A1 SAI[TWIE] JDYIO 10§ ©DIEP 01 PIDA[[0D Uaaq Ay sudwdads ou ydnoyife epeue)) 10§ paredonue st A[ruwey sy,

L9TT 6T%C °6S 1433 eeL
L86T T8 [eYsTeN 2102039 [[e [49 €6 S 8 depruumed)
eaprouwnyen) A[rueyradng
€007 JoWE pue I[P J-UrYg
9661 1PMA[PJ-UEYRg PIEMINOS PUE SU0Z0d BFre] 4 17 < 1 SepIWI0I7
800€ $00T Towey pue 1onaf[2]
-ueyaq ‘1007 ‘¢ 12 PRI J-UrYdg
Y661 ‘8861 1PHIPd-UEYg $2U0Z039 [[e 0¢ 9% 5% 01 giotpReEqEOUNJ
SUIE[] POOMPIXIJA] “BID[[IPIO])
/861 "Te 3 [[eysTey [B210¢] QWINLIB SNUE[IY PUE OYIOE] 4 z 4 e sepreqorawnE]
SWINLIEJ\ JNUE[Y ‘SUTR[] POOMPIXIA
‘PIPIYS [e210g ‘Sure|{ [ea10g C 4 0 0 QepRazNy
PIEMINOS PUE SU0Z0d BJre] 1 0y 1 1 Sepneqowey.)
6007
IDWE pue BPIR[PJI-UEYR ‘000
9861 ‘G861 ‘F8G1 TNI[PPJ-ury2g $2U0Z029 [[e 0L SHT ¢¢ 1S¢ 9ePNAZOIEIA)
SUTE[] POOMPIXIJA] “BIA[[IPIO]) [E2I0Q ¥ / 0 0 SEPIUWN[E0ILId))
©3p1019203EId)) ATwejradng
qL10T 22Uy ‘T00T e 12
IOIR[PI-UBYDG /86T 'TE 39 [[EYSTEIA 59107009 [[e €6 $81 €1 oricté SEPNEQIIO[YIS
$9U0Z023 150U 0t 1€ T ¥ seprurwnesere g
SUIE[] POOMPIXIJA] ‘PJoIYS [E210¢
‘SOLITEI] ‘OWINLIE DIUEB[IY PUE JYIDE] 01 91 I ol sepipodui
00T ‘e 32 PRI J-urydg
/86T “Te 12 [[eYSTe 59107009 [[e %6 S/1 1T 9T sepImeqrIQ
sute]J POOMPXIN ‘PlRIYS
[e210¢ ‘SuTe[] [e210¢ ‘SALITEI] ONOTY < 8 T 1 2BPNAZO[YOOIA
(6£61)
epeue)) ux sapads uerpeue) °Ie 32 3smbpury
sapads papiodarun 1o I0J J[qe[IEAR  EPEUE]) WO UMOUY| uy paysodax
$32JN0S UOEULIOJU] 2007033 £q UONNQLISIP [EIOUSL)  PIQLIdSIPUN “OU *IST SNIF "ON Apuarmd sapads ‘oN sopads *oN uoxey,




122 Frédéric Beaulieu et al. /| ZooKeys 819: 77-168 (2019)

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 Cazalogue 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), Eremacidae (32), Phthiracaridae (28), Crotoniidae (24), Damacidae
(23), and Oribatellidae (22). Several of these groups have been extensively reviewed
by Behan-Pelletier for North America (Ceratozetidae, Punctoribatidae, Eremacidae,
Damaceidae, 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 Niedbata, 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 BING, despite Tectocepheidae containing only
two known genera with a total of 16 described species worldwide (Subias 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: Orodectes) 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, Erythracidae, 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,
Eremacidae), 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.

Contributions of authors

The tables and text for each section were mostly prepared by the following authors: Par-
asitiformes by F Beaulieu, W Knee, and E Lindquist; Trombidiformes by F Beaulieu, V
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Nowell, M Schwarzfeld, W Knee, E Lindquist and I Smith; Endeostigmata by F Beau-
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-
oribatids; feather mite data (Astigmata) were provided by H Proctor, S Mironov, and T
Galloway, and water mite data (Trombidiformes: Hydrachnidia) by I Smith. Summer
students significantly contributed to specimen databasing (see Acknowledgements).
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