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Abstract

Soils provide numerous ecosystem servigesuding provision of nutrients for
plants, sequestration of greenhouse gases, and serving as habitat for soil animals. Soll
animal diversity is immensandmany undescribed tastill remain One prominent
group that inhabits soiis mites (Arachnid: Acariformes, Parasitiformes). Globally,
there are 55,000 species of mites described, but true species richness is believed to be
~1,000,000. Soil mites can be split into two superorders, Acariformes and
Parasitiformes Within ParasitiformesMesostignata is the most spectesh order with
11,000 described species. In soils, mesostigmatid mites mainly prey on nematodes and
collembolans.Mesostigmatid mites aieportant for ecosystem function as they are
connected to the three main energy flowsait rimary production from plants, and
fungal and bacterial energy channels. Although Mesostigmata are commonly found in
soils, in North America little is known about their diversity or the environmental and
spatial factors that influence their assergbka In Chapter 2, | identified mesostigmatid
mites from the boreal forest in northern Alberta to catalogue their diversity. Soil samples
were collected by the Alberta Biodiversity Monitoring Institute (ABMI) and provided by
the Royal Alberta Museum. botal | identified 1@ species/morphospecies of
Mesostigmata from@lgenera and Rfamilies. Once identified, | made a public pictorial
database illustrating all the species/morphospecies found in my thesis. This database will
hopefully aid other reseelners in their identifications of mesostigmatid mites. In
Chapter 3, | analyzed environmental and spatial features to assess their influence on
Mesostigmata assemblages. | found that moss cover, precipitation and disturbance

intensity were the variablesost strongly correlated with assemblage structure. In



addition, | found that distance between sampling points explained as much as
environmental variables, and that Mesostigmata assemblages become more dissimilar
from each other with increasing distance.

In contrast to mesostigmatid mites, oribatid mites (Acariformes: Oribatida) are
mainly detritivores and fungivores. They are the most diverse mite group found in soils,
as well as the most abundant. Current protoewiployed by the ABMtequire
identification of oribatid mites to species, but there has been no assessment by ABMI as
to whether they are useful indicators of disturbance. In Chapter 4, | tested whether
mesostigmatid and oribatid mites can act as bioindicators for threebdistertypes that
commonly affect boreal forests in Alberta (fire, harvest and linear features) at three
taxonomic levels (species, genus and family). | found that mesostigmatid mites were
bioindicators for all threglisturbance types, while assemblagesrdiatid mites
indicated only fire and linear disturbance. In addition, | found that gamalsfamily
level identifications could be used instead of spelgesl identifications, as they both
canadequatelyndicate disturbance. This suggests thatsméaxonomy can be used
instead of specielevel identifications, whicimayease the identification process for

researchers.



Preface

A version ofChapter 3 will be submitted téorest Ecology and Managemehuoyan
Song anHeather Proctowill be a ceauthos on this manuscript| was responsible for
mesostigmatid mite identifications, data analy®ath support from Zhuoyan Songnd
writing the manuscript. Heather Proctor was the supervisory author, who helped with

project creation and edignof the manuscript.

A version ofChapter 4 will be submitted to Ecological Indicatofie @-authors on this
papemwill be Zhuoyan Song, Tyler Cobb, Lisa Lumley, and Heather Pro@buoyan

Song helped witllata analyses, Tyler Cobb and Lisa Lumlditexl the manuscript and
provided logistical support for the project, and Heather Proctor was the supervisory

author, who helped with project creation and editing of the manuscript.
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1 Chapter 1. General Introduction
1.1 Soil health and the use of bioindicators

Soil is an immensely important commodity that provides a multitude of
ecosystem services that benefit hum@sstanza et al. 1997 hese includeutrient
cycling, structural rolen supportingplants and animajsind sequestration of greenhouse
gasegDominati et al. 2010)However, increasmsoil degradatiommasworsenedsoil
gual ity (Parnl®xR)aSbilthéatih)can be monitored using ecological indicators,
which can be physical, chemical or biological in nature and can monitor ongoipgstnd
disturbance even{&arlen et al. 1997)Disturbances a discrete event in time that alters
ecosystemgommunity or population structure, and changes resource and sibstra
availability (White and Pickett 1985)Biological indicatorsljioindicators) often estimate
the effect of disturband@rough presence/absence and abunddata®f different taxa
(Pulleman et al. 2012)Although the use afharismatic taxa likeirdsandmammalsas
bioindicators my garnermore interest from outside observ@psoletti 1999)
invertebrates offesignificantly more diversityWilson 1988) This diversityand
pervasive presence withirhabitatmeans their assemblages can be analyzedawith
multivariate approach, going beyond the singular presence/absence amfteacked
with other taxgBedano et al. 2011)Soil invertebrates are frequently classified
according tdody length with one common classification being microfauna (< 100 pm),
mesdauna (100 2000 um) and macrofauna (> 2000 pfBpardgett 2005)Among soil
mesofauna, mites (Arachnida: Acariformes and Parasitiformes) are the most

taxonomcally and ecologically diverse.



12 Background information on Arachnida and

Mites are placed in the subphylum Chelicerata, within the phylum Arthropoda
(Walter and Proctor 2013)Although speciesich, Chelicerata only has three classes:
Pycnogonida (sea spiders), Merostomata (horseshoe crabs) and Argahali@t al.
2012) Arachnida istie only group of chelicerates to have colonized ([@ddlter and
Proctor 2013and is made up of Idajortaxa,includingAraneae (spiders), Opiliones
(harvestman), Pseudoscorpiones, Ricinulei, Scorpiones and Solifugae (sun spiders)
(Shultz 2007) Mites aranorphologicallydistinct from other arachnids as they lack
conspicuousegmentation, withittle separabn between the two main body sections (the
gnathosoma and idiosom@rantz 2009a) Mites are extremely diverse with 55,000
species described; however, trighness is believed to bd,000,000Krantz 2009hb)

Mite species are placed into two superorders, Acariformes and Parasitifiratdmve

been traditionally gouped together as the subclass A@andquist et al. 2009a)
Morphological evidencalongwith more recent DNA sequence data has raised the
possibility that mites have a diphyletic origin, meaning that a-hkiéebody plan arose

twice (Dunlop and Alberti 2008) This is suported by fossil evidence, as the earliest
acariform fossils are hundreds of millions of years older than the oldest parasitiform ones
(Walter and Proctor 2013Molecular data suggesthat the sister group of Acariformes

is Solifugae or RicinulefDabert et al. 2010, Pepato et al. 2010, Pepato and Klimov

2015) howeverin other analyses, Pseudoscorpiones has been returned as the sister group
to AcariformegqOvchinnikov and Masta 2012ndParasitiformegDabert et al. 2010)

At 42,000 described speci@&/alter and Proctor 2013Acariformes is the more diverse

superorder and contains the orders Trombidiformes and Sarcoptifofinesuborders



Prostigmata (Trombidiformes) andi@atida (Sarcoptiformes) comprise the majority of
species in Acariformes and are relatively well studied in comparison to the two other
suborders, Sphaerolichida and Endeostigr{@atenlop and Alberti 2008; Walter et al.
2009) Parasitiformes is made up of the orders Opilioacarida, Holothyrida, Ixodida
(ticks) and MesostigmataMesostigmatas the most species richith 11,000described
species, many of which live in soil habitéf¥alter and Proctor 2013)The taxonomic
relationshipAcariis shownin Table1-1.
1.3 Overview of Mesostigmata and briecommentary on Oribatida

Within Mesostigmata there are three suborders, Monogynaspida, Trigynaspida
and SejidgLindquist et al. 2009b) Morphological differences between the suborders
include number and shapes of shields covering the ovig@msle ovipositional
opening) and the number of setamand it. AlImost all Mesostigmata belong to the
Monogynaspidandits two maincohorts, Gamasina and Uropodiivdalter and Proctor
2013) Mesostigmata occupy a variety of niches including predators in soil, predators in
vertebrate and invertebrate nests, and parasites of vertebrates and inve(2bvdteg
and OConnor 20100 Although the majority of named species are predators, many of the
better studied taxa are parasites, including the devastating parasite of honéstrees,
(Varroidae), which has been one of the causes of global honeybee {®alimmataro et
al. 2000)

Soil communities have been called fithe
high species richness and abundance of soil fauna, which can inplaéd@ 1000
species within a in*area(Anderson1975; Giller1996) Although mesostigmatid mites

can be abundant in soil, witp to 12,000 individuals/fm(Christian 200Q)they are not



the most abundamwir diversemite taxon found in soil, as oribatid mites can reach
densities up to 100,000 individual€/rand typically comprise 680% of all mitespecies
found(Gulvik 2007 Norton andBehanPelletier 2009) Like most mesofauna,
Mesostigmata in solive in between the existing diitled pore spaces rather than
making their own burrowfColeman etl. 2004. They reproduce through various sexual
systemgdiplodiploidy, arrhenotoky, parahaploidy atieklytoky) (Norton et al. 1993)
Dispersal ability amongst sdMesostigmata is speckspecific, as some are phoretic on
insects or small mammals, while others rely solely on walking to dis(f&ieggel 1995;
Ruf and Beck 2005)

Soil mesostigmatid mitesr@amainly predatorsandin paricular areagan have
roughly the same biomass$larger bodied predato(s.g., spiders, centipedes) at the
same site¢Scheu et al. 2003)Soil Mesostigmataffect ecosystem functiahrough
their indirect connection® the three main energy flows in soil: primary production from
plants,thefungaldecomposition pathwagndthe variousacterialmineralization and
decompositiorchannel{Ruf and Beck 2005 Mesostigmata predate mostly on
decomposers such as collembolans and nemat8dasu 200larner et al. 2013)
Some genera and species are specialists on particular prey ghaiijgs) sometimede
reflected in cheliceral morpholodgBuryn and Brandl 1992howeversomespecies are
omnivorougMadej and Skubala 1998IcMurtry and Croft 1997) Interestingly, lody
size ofMesostigmata seems to have no relation to trophic poséhody mass doest
correlate with trophic positio(Klarner et al. 2013)

Oribatid mites feednainly on detritus and fungand aré@mportant for ecosystem

functioning in soil systemthrough their influence omicrobial populations and



transportation ofungal spore¢Maraun et al. 1998)Although once thought to be
generalist, Schneider et §2004)showed thamany species ajribatid mites speciale
on particularfood sources, such as litter fungi. Oribatid mites vary drastically in body
types, soméeinglarge ancheavily armouregwhile others are small and unsclerotized.
These differences in morphology make some groups more susceptideatiqy as
Schneider and Maray2009)found heavy predationy mesostigmatid mites on small,
unsclerotized oribatid mites. Oribatid mites exhiblativelylong generatiortimes,

which differs from other detritivores/fungivores like Collemb(&ooreet al. 1988;
Norton and BehaiPelletier 2009)

Compared to oribatid mitekttle is known about how biotic and abiotic factors
influence Mesostigmata. Unsurprisingly, Mesostigmata will have different species
richness/abundance, community composition or both within diff@lantbasedhabitat
types(Nielsen et al. 2008; Beaulieu 2012; Nielsen et al. 2012;-Bépdlar et al. 2013;
Minor et al. 2016)this is commonly found with soil invertebrates as aboveground
vegetation influence below ground properties. Abiotic fadikespore volume and
moisture have been shown to affect abundance of Mesostigeataet al. 1998;
Nielsen et al. 2008)hile elevation, slope position (different geographical areas on a
slope) topographic (wetness) index and global solar radisgiem less importagiinor
and Ermilov 2015) Spatial influenc¢how geographialistance between assentsga
structures composition, independent of environmental fgdtassbeen shown to affect
oribatid mite assemblages. This has been attributdgiichaving limited long distance
dispersal ability, partly due to having no specialized stage for disijensab and

Winchester 2009; Minor 2011)vith a notable exception froArchegozetes magnus



(Sellnick) (Beaty et al. 2013)In fact, gatial distanceancorrelate more strongly with
variation inoribatidassemblages thamvironmental variableggaruso et al. 2012)For
Mesostigmatasignificantspatial influencevasshown byNielsen et al. (2012however
Chen etal. (2014)found less support for itlt is possible that distance between
assemblages may be less importarsaibMesostigmata, amanyspecies are phoretic
and thus are limited less by dispersal ab{i8iepel 1995)
1.4 Mesostigmata and Oribatida as bioindicators

The use of soil invertebrates asedbi oi ndic
for biomonitoring include mites, collembolan, spiders, nemaatebeetle§Breure et
al. 2005and references within)Mesostigmatankave been used monitorsoil quality
in agricultural andorestrycontexts(Koehler 1999Minor and Norton 2004; Bedano et
al. 2006) postfire systemgBogorodskaya et al. 2010; Kamczyc et al. 204rv)
reclaimed industrial aregsMa d e |j and $bdejéndidzeb 2@10) 0 8
Mesostigmata hee also been combined with other mite groups to create the OM/PA
index (Oribatida + Mesostigmata/Prostigmata Hdxsata), where each mite group is
thought to be differentially affected by land management pradBzztano et al. 2011)
The relative proportions for each mite group are calculated, then plugged into the formula
[ O+ M/ P+A] to det er mBedanodtd(20il)fduradbhathadutald s i nde x .
areas had higher index value. Differences in mite proportiofihin disturbed
environmentsstem from the varying life histories amongst mite tSiapel 1994, Siepel
1995, BehasPelletier 1999) Ruf (1997)created a soil maturity index (basedBongers

(1990) t hat groups speci es i-selectedtaxa)mandc at egori es



Aper si seleeteddada)Rui{1998)used this maturity index on diffent forests in
Germany and noted that highly disturbed sites had lower maturity indexes.

In contrast to soil Mesostigmata, soil Oribatida  uais bidindi¢atprs febeen
relatively well investigatedBecause ofhe existenceof oribatid-specific protocolsand
relatively good knowledge of local faunas in many parts of the wBdébgh and Balogh
1992, Balogh and Balogh 2002, Rarfd Beck 2005)oribatid mites arérequentlyused
as bioindicators A review conductedy Gergdcs and Hufnagé017)supportedBehan
Pelletiets (1999)conclusion that Oribatida are strong indicators of agricultural
disturbance. They also found limited support for the use of Oribatida as bioindicators of
heavy metal pollution and forest management. Currently, the Alberta Biodiversity
Monitoring Institie (ABMI) uses oribatl mites as bioindicatorand identify their taxa
with akey specificallydevelopedor Albertan oribatiddy Walter et al(2014. In
contrast, entral Europe is one of the few regions in the world that have been well
surveyedor soil Mesostigmata (sel€arg 1993. However, as high proportiorof
species remain undescribed for both groups, studies using sigseksientification
remain difficult to perforn{Gulvik 2007)

1.5 Biomonitoring and Taxonomy

One impediment to the use of invertebrates as bioindicators is the lack of
firaditonab t ax onomi ¢ e x pogical $eatuvds o idensfespatiesr p h
(Ebach et al. 2011)More taxonomists are becoming molecular taxonomists, in which
DNA sequences are used to sort pllogenetic relationship&odfray 2002; Luc et al.

2010) Parataxonomy is sometimes used for groups that are poorly known or for which

local taxonomic expertise is lackinf ar at axonomi sts use RTUOGS
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taxonomic units)Oliver and Beattie 1993p separate taxa into groupghich are
sometimes referred to as morphospebigisare more properly called morphotd¥éard
and Stanley 2004)Krell (2004)showed that @rataxonomy can either over
underestimatéhe number of specidaorphospecies present in a habitat, making it less
accurate than classic taxononfyllis (1985)ar gued f or At axonomic
which identification of an organism shoudd doneonly tothe level that fulfills the
objective of the studyBevilacqua et ali2013)used thiphilosophy with their BestAgg
approach, in which eommunitymatrix that contains a mixture of identification levels
from species to phylum, in addition to functional groupsised tadelineate
environmental featurg®.g. habitat types, and disturbanaahin an environment
Bevilacqua et al(2013)found that BestAgg produced similar results to speleiesl
identification for assemblages of benthic marine macroinvertebrei@sever, a similar
study performed byiang et al(2017)with freshwater macroinvertebrates found the
BestAgg datasdb be most similar to gendsvel identification. No study has used this
method on a terrestrial dataset. If the application of the BestAgg method to soil taxa
produces results similar to that of spedmeel identification, it may lead to further
implementation of this method with taxonomically difficult organisms.
1.6 Thesis Objectives and Outlines

This thesis involves the usé soil invertebrate samples fron7 ABMI sitesin
the Boreal forest in Alberta, Canada)lectedbetween 2012015. The overall goal i®
catalogue the diversity of soil Mesostigmata from these sites, determine what abiotic and
biotic variables structure their assemblages, and to assess the utility of Mesostigmata as

bioindicators of disturbance.olmy knowledge, only two studies in Western Canada

suf f



havefocused on the ecology ebil MesostigmataDiazAguilar et al.(2013)found
differences in Mesostigmata assemblages associated with differences in forest stand
composition (coniferous vs. deciduous vs. mixed), whiezAguilar and Quideau
(2013)studied trophic ecology of soil Mesostigmata. Both studies were restricted to
Mesostigmata from one area near Peace River, Alberta. An informal list of
Mesostigmata known from Albertaas produced bWalter and Latona@011). One of

the main hindrances in ecological studies of invertebrates is lack of identification guides
for local fauna. To help remedy thiShapter 2 includes a list of taxa | found fréme 77

ABMI sites together with an online pictorial database that is structured with an
expandable taxonomic tree. Each species/morphospecies has its own dedicated page with
images highlighting the important morphological features for that individual. A short
commetary on related taxa found thus far in northern Alberta and list of references used
for identification is found on each page.

In Chapter 3l usedmultivariate statistics to determine how environmental
variables structure Mesostigmata assemblages. chijster will provide a greater
understanding to what abiotic and biotic forces affectddégmatan assemblage
composition including the influence of spatidistances between quadrants

In Chapter 4, | tesdthe relative utility of Mesostigmata andifatida as
bioindicators of three disturbance types: forest fire, forest harvest and linear features
(seismic lines, pipelines and powerlinés)three levels ofaxonomicresolution family,
genus, and species. In addition, | applied the BestAgg metsmtibed byBevilacqua

et al.(2013)to determine if individuals can be sortaad identified ta mixture of fine



and coarse taxonomic levels c&till provide similar results as specievel
identifications.

In Chapter 5 | providéa summary of soil Mesostigmata species found in my
thesis, and highlight the important environmental variables that structure soil
Mesostigmata assemblages in the province. | also destisesresults and implications
of testing theutility of Mesostigmata and Oribatida as a bioindicator, and provide
suggestions for future researchers on Mesostigmata and Oribatida usefulness as a
bioindicator. And finally, | provideé my thoughts on biomonitoring of soil systems, and
additional commetary on future studies in soil ecology and taxonomy.
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1.8 Tables and Figures

Tablel-1. The superorders, orders and subordersaprobably diphyleticsulxlass

Acari, based otheclassificationn Krantz and Walter (2009)

Superorder Order Suborder
Parasitiformes Opilioacarida
Holothyrida
Ixodida
Mesostigmata Trigynaspida
Sejida
Monogynaspida
Acariformes Trombidiformes Sphaerolichida

Sarcoptiformes
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2 Chapter 2: Pictorial Database of Soil Mesostigmata of
Alberta

2.1 Introduction

Soil systemgontainanextremely diversassemblage daxafrom every known
terrestrial phylun{Giller 1996 Coleman et al. 2004yith a greatmanyundescribed
species; in factAndré et al(20Q2) estimated that onl¥0% of specietave been
described.This is in part because there are few taxonomic experts who work on these
groups. Taxonomy (specifically morphological taxonomy) is recruiting fewer
taxonomists in the developed wo(lte Carvalho et al. 2005)hich is partly due to the
lack of funding opportunitiewithin it (Ebach et al. 2011)More researchers are relying
on molecular data to identify orgams(Luc et al. 201Q) This eases ideifitation, but
other than presence/absendg@articular genetic entitida particular habitatdittle
i nformati on o nlogyislearned: Havaversknodvledgesabout their
ecology is needed more than ever, as we are becoming increasingly aware of the vital
nature these organisms playbielowgroundecosystem function. Biodiversity Ecosystem
Function (BEF) is the relationship speci@vé in governing environmental processes.
Originally, BEF concentrated on aboveground syst@ngs Tilman et al. 1997)
however recent studies have focused on tHatrenship of belowground BERNagg et
al. (2014 found thatdecreased beWground biodiversity can lowaboveground
diversity andmpactecosystem processssch asiet productivityof flora and litter
decomposition.

As fewer researchers are becoming experts in morphological taxonomy, researchers
havebegunusing coarse taxononfgenusand familylevel identifications)n lieu of

speciedevel identfication to quantify diversityas it requires less expertis€his
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approach habeen successful quantifying diversitywith various taxa like ant§Groc et
al. 2010) beetlegRosser and Eggleton 2012nd aquatic inverbategJiang et al.

2013; Jiang et al. 2017)Even further removed from classical spe¢e®| taxonomy is
parataxonomy, which involves identifying individuals base@asilyrecognizable
featuressuch as color and bodize which may not always correlate well with actual
taxonomic placemer{Oliver and Beattie 1993Basset et al. 2004)For coarse taxonomy
or parataxonomy to operate efficiently, it is still necessary to have taxonomists create
resources to aid untrained researchers. Pictorial keys or oatafgases are good tools
for nonexperts, because relevant morphology is clearly illustrated rather than being
described in words. Examples of these include online interactive keys to
pseudoscorpionBuddle(2010)and nasal miteKphee and Proctor 201,0and the
AntWeb databas@AntWeb 2017)

Mites (Arachnida: Acariformes, Parasitiformes) are extrerdiigrse with over
55,000 described speci@&/alter and Proctor 2013ndtrue speciesichness believed to
be around 1,000,00&rantz 2009. The Parasitiformes contains four orders of mites:
Opilioacarida, Hatthyrida, Ixodida, and Mesostigm&atedlompen et al. 200)7 Out of
the four orders, Mesostigmata is the most diverse ifd00 species described in over
70 families(Walter and Proctor 2013)Mesostigmata occupy a variety of niches,
including predators in soil and in vertebrate and invertebrate nests, and parasites of
vertebrates and invertebrai@owling andOConnor 2010 Mesostigmata habkree
suborders, Trigynaspida, Sejida, and Monogynaspida. Trigynaspid mites inhabit
temperate and tropical regions, and are generally associated with reptiles and mammals

(Lindquist et al. 200P Sejida, the most specipsor suborder, has a much larger global
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distribution than Trigynaspida, and are often found in woody halfitatsseishvili and
Klompen 2004; Lekveishvili and Klomp&®©06; Walter and Proctor 2013)
Monogynaspida is the most speereh suborder with two main cohorts, Gamasina and
Uropodina(Walter and Proctor 2013)

The objective of this part of my thesis work was to produce a publicly available
pictorial database contang every species/morphospecagsViesostigmatahat |
identified fromsoil samples collected the boreaforest in northern Alberta. This
database provides information on important morphological features for identification,
notes on related taxa samgl@ northernAlberta, and references to the primary literature
used for identification. Currently, the only soil mesofauna group that has been well
studiedin Alberta is oribatid mites (Arachnida: Acariformes). Oribatid mites are one of
the focal groupsampled by the Alberta Biodiversity Monitoring Institute (ABMDe to
their abundance and diversity in belowground communiti@sonomic keys and
illustrations of these mites can be foundMalter and Latona@011)andWalter et al.
(2014) 1did not create a key to the Mesostigmata | identified in my M.Sc. research
many species (and potential genera in Uropodina) renmalascribedinstead, |
constructedh pictorial database that contaias extensive image collection to didure
researchers in thedentificatiors of soil Mesostigmata from boreal Alberfdhe
database can be readily expanded to include new mesostigmatan taxa from Alberta,
which are likely to be found in other regiongdahabitat typeshat | did not focus on in
my thesis
2.2 Methods

2.2.1 SamplingTechnique
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Samples for this study were collected by the Alberta Biodiversity Monitoring
Institute (ABMI) and provided by the Royal Alberta Museum (RAM) in Edmonton,
Alberta. Informabn on ABMI and its sampling protocol can be found at
(http://www.abmi.ca/lhome/publicationsBD/46.htm) (ABMI 2012), and unless
otherwise stateth these methods, am@entical to the sampling methodology described
bel ow. ABMI 6s proj ect i-Bectad sites, spaced 20 Em o n
apart throughout Alberta, Canada. Additional@fid sitesare somethessampled to
acquire information on a particularly unique environnarib assess abundancerafe
biota For terrestrial sites, ABMI employs spatially randomized sampling methodology
across its entire sampling grid, aimed at collecting data fromsatgcbn a 5year
rotation. Each terrestrial site is split into 4 four quadrants: NE, NW SEH&WN
terrestrial site is split into 4 four quadrants: NE, NW SE, SWganic and mineral soil
samples are collected in the outer cornemach quadrant, 918 diagonally outside of
the onehectare site, 80 m away from site center in the NE (45°), NW (315°), SE (135°),
and SW (225°) direction500 mL of both organic and mineral soil samples is collected;
each sample is composed of four subsamples, spa2aaklers apart from one another.

If 500 mL of organic and mineral soil are not collected from the four subsamples,
additional subsamples are collected until 500 mL is rea@wmtisamples are then
shippedn coolersto the RAM within seven days of colleati,and aregrocessed by
laboratory technicians and taxonomis@rganic soil samplegre placed in a Tullgren
funnel with an incandescent light bulb as tight source, there, soil invertebrates are
extractednto containers 095% ethanol over a periad 7 days Mineral soil samples

are sent out for analysis (e.g., calculate pH of soil).
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At the RAM, soil invertebrates are sorted into two size categorie3086 m and
> 300 m ABMI only identifies adult Oribatidéhat are greaterth&80Ce m i n si z e,
oribatids < 300 &m, jodbatid miertebrates aré @agedintd s, and
vials and stored as residuals at the RARGr mystudy, | took adult mesostigmatid mites
from boththe50-300e m a&n B 0 0 & m Afl specimdngvare sortedvith the
aid of a dissecting microscoped placed in lactic acid overnight, to be siideunted
the next day.l used PVA #6371APVA Medium and #6371NSBPVA/Phenol fre
mediumn) from Bioquip productsRancho, Dominguez, Califorrjias slidemounting
media Gassslides(catalogue number 1250-A3) and coverslips (catalogue number 12
545-83) from Fisherbrandvere used for slide makind.abels for slidesletailedABMI
site and quadransize categoryq0-300e m >0 r 3 0 Ofamglypgenus angpecies of
the individua) what sidetlie mite is on (more than 1 mileandR, one mite NA), sex of
the mite (M/F)and slide box and slide locatioNymphs and larvahiteswere encoded
with nand I, respectively. Each mite received its own label, mgdhat someslides
receivedwo labels Sides were initially stored in the Proctor Lab, at the University of
Alberta, butaftet he pr oj e c twéreamowototphbeR AMO ® N ef er enc e
collection. For identification, | examined slidmounted mitesvith a Leica DMLB
compound scope with DIC microscopy and magnification capacity up to &d@xature
used for identificationpartially came from unpublished keys acquired at the Acarology
Summer Program at The Ohio State University, in addition to many published works
(Tragardh 1942; Evans 1955; Krantz 1961; Lindquist 1961; Hurlbutt 1963; Evans and
Ti || 1966, Chant and Hansell 1971, Hal agkov 8

WagrowskaAdamczyk and Hirschmann 1984; Karg 1993; Halliday 1997a; Halliday
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1997b;Makarova 2000Ma k ar ova 200 3; Mags8n 2003; Christi

and McMurtry 2007; Gwiazdowicz and Haldly 2008; Lindquist et al. 200Diaz
Aguilar and Ujvari 2010; Kontschan 2010; Lindquist and Moraza 2010; Denmark and

Evans 2011, Lindgist and Makarova 2011; Gwiazdowicz and Marchenko 2012; Joharchi

et al. 2013, Mag8n and Halliday 2013; Walter

al . 2014; Si kora 2014; Kontsch8n 2015;
al. 2016; Naritaand De Moraes 2016; Vatankhah et al. 2016; Makarova and Huhta 2017)
2.2.2 ImageAcquisition andManipulaion and Website Creation

Images were tan witha Leica MC170 HD camera attachedhe compound
scopeviathelLeica LAS EZ 3.0 program. Images wefe@mportantmorphological
features, examplaacludesetae type and length, sternal and ventrianal/anal shield and
male spermatodactyl/spermatotreme. Images weredediGIMP (GNU Image
Manipulation Prograin(The Gimp Team 1992015. The usubmanipulation protocol
involvedremovingvisualartifacts (e.g. soil particleseattahing separatelimbs and
repairingsplit shields,andapplying a contaist mask Contrast masking awsist of 6
steps 1) duplicatethe original imagefor editing purposes, 2) desaturate ithage, 3)
apply a gaussian blur) éverlay the editednage onto the original image) &djust
contrast and brightnesand § sharpen imagt highlight edges of its idiosomaArrows
or boxes were occasionally added to highlight morphological featliesmageswere
labeled with a letter to match the descriptoonthe webpage with the image

After GIMP processingmages wereliploadedo thewebsite
https://mesostigmataofalberta.wordpress.cdine welsite was created via WordPress

(WordPress Foundation 201 7ach species/morphospeciweas given its own page.
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Eachpage contaisthree sectionsl) images of impoant morphological features; 2)
information onrelated taxa (in the context of the spetresphospecieound in
northernAlberta) and 3) primary literature used for identifioa. The primary literature
used was i n-ttelkxe of @i m adekt oifatioms are lifkecktstee i n
references wherill citations are listed Species pageseconnectedo thetaxonomy
page whichgroupsspecies/morph@ecies by theitaxonomic rank$uborder, Cohort,
Family, and Genys Each speciésmorphospeciebsted in the taxonomy page
connected via hyperlink to its individual page.
Additional pages were addéalimprove functionality of the websitand to

providemoreinformation on messtigmatid mite morphology aridrminology A
0 Wlcomépage waslso added; itontainanformation onABMI sites sampled
authorshipandpreferred cition format. Information about ABMI and the RAMnN be
found in thed A b opage.dn 6 pPdate$page was made twotify users of any changes
to species page This connects to th Ghtacbpage, which allows users to messdhge
lead author (Matthew Meehaby email. Information on Mesostigmata morphology and
terminologyarefound onthe6 G| o spage.r Bnélly, @ T h gaudpage was made to
acknowledgether acarologisteho helpedvith the identifications of individuals.
2.2.3 Screenshatof Web Page$or Thesis

Screenshotweretaken ofevery part of the website amtisplayed fouata timeon
the following pages Screenshot®r theWelcome UpdatesContact AboutandThank
you pagsearedisplayed first. Thesepagesw | subsequently be call ed

Screenshatcontaining all glossatgrms and the taxonomic tregeanext shown After
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that, pecies pages appear in the orsleownon the taxonomic tree. Finally, screenshots
of the reference secti@redisplayed.
2.3 Results

| identified soil mesostigmatid mites from 2 suborders, 3 coh2ttamilies, %6
genera and Mspecies/morphospeci€Bable2-1). For adults, | found an average of
5.19° 2.85 (mear? SD) species and 13.4011.78 individualgerquadrant.
2.4 Website Content

A total of 118 webpageweremade, screenshots of egmdige can be seen below.

The website can be foundtdtps://mesostigmataofalberta.wordpress.cdine template
of how screenshots will be presentedn the nexpage. To view images of
specis/morphospecies please use the website. Screenshots of the website were taken to
fulfill the requirements for my MSc. thesis, and should not be uspldde of the
website. At this time(Jan 2018)all species/morphospeciesth the exception of one

(Zerconsp. 2) can be found on the website.
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Template:Screenshots of species/morphospecies pages are to be viewed in a particular
order, starting with the top left (1), than bottom left (2), followed by the top right (3),
then bottom right (4).
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2.4.1 Base Pages

Welcome

This website is dedicated to the diversity of mesostigmatid mites known from

soil, litter and moss from boreal forest sites north of Edmonton, Alberta, Canada.

Other researchers have likely found different species at other sites in Alberta.
Here we describe and illustrate the key features of each species (or putative
species) to aid others with their identifications. You can search for taxa via the
expandable taxonomic tree, or by searching for taxon names directly.

All taxonomic identifications (unless otherwise stated) are completed by
Matthew Meehan while photo edits and creation of the site are completed by
Alyssa Turnbull with editorial help from Matthew Meehan and Dr. Heather Proc-
tor.

All images on this website are copyright of Matthew Meehan and Alyssa
Turnbull. If you use the content found here please cite: Meehan, M. L., Turnbull,
A.J. 2017. Mesostigmatid Soil Mites of Alberta. https://mesostigmataofalberta.-
wordpress.com . [Date of Download/Access].

Thank you!

**Please note that this website is optimized for viewing on Google Chrome, Fire-
fox and Safari. If you are experiencing difficulties viewing this site, please reload
ina

different browser.**

About

All specimens for this project were provided by:
Alberta Biodiversity Monitoring Institute and The Royal Alberta Museum

d ROYAL

ALBERTA
ABMI MUSEUM

Globally there are 11,000 described species of Mesostigmata. Here in Alberta 107
species/morphospecies in 45 genera have been identified for this project thus far.

A previous species list of Mesostigmata created by Dr. Dave Walter can be found
here. This lists consists of his own identifications, CNC records and findings

from past studies.

Taxonomic literature used to identify different genera and species can be found

in References. However, not all literature is available as some unpublished keys

were obtained at the Acarology Summer Program (Mesostigmata Week) at the

Ohio State University. A taxonomic key for Mesostigmata to the family level can
be found in Krantz and Walter (2009).
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Updates

This website is still under construction while the final touches are made! If you
notice any errors in spelling, grammar, or identifications, or would like to send
us feedback please do so via the Contact page!

We thank you for your patience as we work through this.

Contact

Questions or comments? Let us know!

Name
mattmeehanié
Email
meehan@ualberta.ca

Website

Comment
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Thank you

This research was supported by an NSERC Discovery Grant to HP and an Alberta
Conservation Association Biodiversity Grant to MM and HP.

The completion of this website would not have been possible without the Acarolo-
gy Summer Program at Ohio State University and correspondence with fellow

Acarologists.
Thank You,

Dr. Fred Beaulieu
Dr. Ashley Dowling
Dr. Bruce Halliday
Dr. Hans Klompen
Dr. Wayne Knee
Dr. Gerry Krantz
Dr. Evert Lindquist
Dr. Owen Seeman
Dr. Dave Walter

For your help with the identifications for this website.
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2.4.2 Glossary

Glossary of Terms

Here you will find general terminology relevant to all mesostigmatid mites as
well as family specific terms.

For more broad terminology refer to Dr. Dave Walter's Glossary of Acarine Terms

Full citations for can be found in

General Terminology

anal shield: shield that surrounds the anus. The anal shield will have at least three

setae on it (ci | seta), and may al. in additional ventral setae.

cf. ; Latin for confer or compare. Used in naming when there are similarities be-
tween species but there is uncertainty as to whether the focal individual is identi-
cal to the described species. Ex. Zercon cf. columbianus - Berlese, 1910.

circumanal setae: setae near the anal opening, includes two paranal and one
postanal seta.

chelicera: three-segmented pincer-like mouthpart.

dorsal shield: shield that covers all or part of the dorsum of the idiosoma.
Mesostigmata can have one shield that covers the entire dorsum (holodorsal
shield) twr d I and opisth ) or thre: d | l and py-
gidial) shields.

gnathosoma: the “head” of all mites, includes chelicerae and palps.

genital shield: shield that covers the female genital opening, mainly in the cohort
Gamasina; can also be called epigynal shield.

idiosoma: everything that is posterior to the gnathosoma, comprises the entire
dorsum and leg segments.

lower dorsal shield: shield that covers the posterior pertion of the dorsum, also
called the opisthonotal shield. The lower dorsal shield can be split into two
shields, mesonotal and pygidial shield.

macroseta: a seta that is enlarged relative to the normal state in Mesostimgata,
both in length and width.

metapodal shields: a pair of shields (sometimes fused) located above the
anal/ventrianal shield near leg IV.

metasternal shields: small shields, located below the sternal shield, that support
sternal setae st4 in some taxa. For some families, these shields are absent or
fused with the sternal shield.

metasternal-endopodal shield: the fusion of metasternal and endopodal plates.
At times, sternal setae st4 will be located on them.

metapodal line: a ridge present in some Uropodina that runs postero-laterally
from leg IV.

nodus: small, sclerotized sphere-shaped structure, located in the chelicera of
some Uropodina.

nr. : used to name a species when one believes its morphology is similar to anoth-
er described species, but the focal individual clear, a distinctly differ-

icz and 2012

ent species. Ex. Ip nr. altaicus - Gwi
peritreme: a groove that extends from the stigma along the lateral portion of the
mite. Peritremes start ventrally, but can extend to the dorsum of the idiosoma.
Peritreme length varies; some extend to setae ji, others are short and do not ex-
tend beyond the posterior margin of coxa IV

paranal setae: pair of setae that are located laterally near the anal opening.

perigenital ring: a structure that surrounds the genital shield in females of some
Uropodina.
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postanal seta: a single seta that is located posterior to the anal opening.

seta (pl. setae): a hair-like sensory structure. Unless otherwise stated, setal nota-

tion follows Lindquist & Evans (1965).

seta (barbed): a seta with multiple bristles that come off the main process on both
sides of the seta. Barbed setae appear similar to plumose setae but differ in that

the individual bristles are difficult

seta (plumose): a seta with multiple filaments projecting off both sides of the
main process, giving a feather-like appearance. These filaments vary in length,
but are always perpendicular to the main process. Plumose setae can look similar
to barbed setae; however, plumose setae have longer projections and individual

projections are distinguishable.

seta (serrated): a seta with one side appearing jagged, while the other side ap-

pears smooth.
seta (simple): a seta that is smooth on both sides, tapering to a single point.

seta (stout): a seta that is extremely short and fat, almost claw-like in shape. This
seta is typically associated with Pachylaelapidae.

seta (spatulate): a seta that is narrow at the base, but more broad at its apex. The
shape is similar to that of a common wooden spoon.

spermatheca: a structure in female mites that receives the sperm and sometimes
the entire spermatophore. In most Mesostigmata consists of the calyx, atrium
and the major duct.

sternal shield: located in the intercoxal area (between the coxa) supporting one to
four pairs of seta (st1-4), depending on the genus and family.

sternogenital shield: a shield present in male Mesostigmata. Resides in the inter-

coxal region (area between the legs, ventrally) and contains the genital opening.

sternogenital shield: a shield present in male Mesostigmata. Resides in the inter-

coxal region (area between the legs, ventrally) and contains the genital opening.

spermatodactyl: structure on the chelicera of male dermanyssine mites (subco-

hort Dermanyssiae); aids in sperm transfer to the female.

spermatotreme: a slit like structure present on the chelicerae of male Parasitidae;

it aids in sperm transfer to females.

stigma: the opening of the respiratory system (tracheal system). The location of

the stigma is a defining feature for the orders within Parasitiformes.

tectum: a shelf or ridge that extends anteriorly from the gnathosoma. Appear-
ance varies among genera and families. Other terms include gnathotectum or

epistome.

upper dorsal: shield that covers the anterior portion of the idiosoma, also called

the podonotal shield.

ventrianal shield: shield that comprises the fused ventral and anal shields. The
ventrianal shield contains additional seta beyond the three circumanal setae.

ventral shield: shield (or, more broadly, area) between the genital and anal
shields. Ventral shields are common in female Mesostigmata, a good example is

in the genus Veigaia.



Terminology Specific to the Zerconidae

Zerconidae
Note: citations are provided for morphology, if terminology of a structure is cred-

ited to an author(s).
inner dilation: a small, circular projection out of the peritreme, near the stigma.

posterodorsal cavities:well-developed scars that can be sclerotized, located poste-

riorly on the opisthonotal shield. Examples can be seen in Zercon.

tectum (Zercon-type): a single, slender anteromedial process, which is divided
into two to four tines (Ujvari 2011).

tectum (Parazercon-type): four anterior processes (with the two center processes
being the longest) that taper apically (Ujvéri 2o11).

tectum (Prozercon-type): a single, apically tapering anteromedially process (Ujvari
2011).

peritremal setae: setae located on peritremal shield. Numbers vary from one to
three (11, r2, and r3). Only one genus has a single seta on its shield (r3 seta, Monoz-
ercon — Blaszak, 1984), and others have two or three. Typically, the 11 seta is ex-
tremely hard to see as it is under leg 1. Due to the location, we were unable to in-

clude photos of this seta in the gallery of images on this website.
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2.4.3 Taxonomic Tree (Closed)

Taxonomy

Click to expand - (underlined taxa will redirect to a separate detailed page)
Mesostigmata
Suborder: Monogynaspida

Cohort: Gamasina

v
v

>

> Cohort: Microgyniina
> Cohort: Uropodina s.s.
>

Suborder: Sejida

34



2.4.4 Taxonomic Tree (Open)
Taxonomy

Click to expand — (underlined taxa will redirect to a separate detailed page)

¥ Mesostigmata

v Suborder: Monogynaspida

v Cohort: Gamasina

v Superfamily: Arctacaroidea
v Family: Arctacaridae

v Genus: Arctacarus

Arctacarus rostratus — Evans, 1955

v Superfamily: Ascoidea

v Family: Ameroseiidae

v Genus: Ameroseius
Ameroseius sp. 1
Ameroseius sp. 2
Ameroseius sp. 3

v Genus: Epicriopsis

Epicriopsis sp. 1
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