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Abstract 

 

 Soils provide numerous ecosystem services, including provision of nutrients for 

plants, sequestration of greenhouse gases, and serving as habitat for soil animals.  Soil 

animal diversity is immense, and many undescribed taxa still remain.  One prominent 

group that inhabits soils is mites (Arachnida: 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 Parasitiformes, Mesostigmata is the most species-rich order with 

11,000 described species.  In soils, mesostigmatid mites mainly prey on nematodes and 

collembolans.  Mesostigmatid mites are important for ecosystem function as they are 

connected to the three main energy flows in soil: primary 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 assemblages.  In Chapter 2, I 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.  In total I identified 109 species/morphospecies of 

Mesostigmata from 46 genera and 21 families.  Once identified, I made a public pictorial 

database illustrating all the species/morphospecies found in my thesis.  This database will 

hopefully aid other researchers in their identifications of mesostigmatid mites.  In 

Chapter 3, I analyzed environmental and spatial features to assess their influence on 

Mesostigmata assemblages.  I found that moss cover, precipitation and disturbance 

intensity were the variables most strongly correlated with assemblage structure.  In 
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addition, I 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 protocols employed by the ABMI require 

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, I tested whether 

mesostigmatid and oribatid mites can act as bioindicators for three disturbance types that 

commonly affect boreal forests in Alberta (fire, harvest and linear features) at three 

taxonomic levels (species, genus and family).  I found that mesostigmatid mites were 

bioindicators for all three-disturbance types, while assemblages of oribatid mites 

indicated only fire and linear disturbance.  In addition, I found that genus- and family-

level identifications could be used instead of species-level identifications, as they both 

can adequately indicate disturbance.  This suggests that coarse taxonomy can be used 

instead of species-level identifications, which may ease the identification process for 

researchers.   
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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 humans (Costanza et al. 1997).  These include nutrient 

cycling, structural role in supporting plants and animals, and sequestration of greenhouse 

gases (Dominati et al. 2010).  However, increasing soil degradation has worsened soil 

quality (óhealthô) (Parr 1992).  Soil health can be monitored using ecological indicators, 

which can be physical, chemical or biological in nature and can monitor ongoing and past 

disturbance events (Karlen et al. 1997).  Disturbance is a discrete event in time that alters 

ecosystem, community or population structure, and changes resource and substrate 

availability (White and Pickett 1985).  Biological indicators (bioindicators) often estimate 

the effect of disturbance through presence/absence and abundance data of different taxa 

(Pulleman et al. 2012).  Although the use of charismatic taxa like birds and mammals as 

bioindicators may garner more interest from outside observers (Paoletti 1999), 

invertebrates offer significantly more diversity (Wilson 1988).  This diversity and 

pervasive presence within a habitat means their assemblages can be analyzed with a 

multivariate approach, going beyond the singular presence/absence approach often used 

with other taxa (Bedano et al. 2011).  Soil invertebrates are frequently classified 

according to body length, with one common classification being microfauna (< 100 µm), 

mesofauna (100 ï 2000 µm) and macrofauna (> 2000 µm) (Bardgett 2005). Among soil 

mesofauna, mites (Arachnida: Acariformes and Parasitiformes) are the most 

taxonomically and ecologically diverse.  
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1.2 Background information on Arachnida and óAcariô 

 
 Mites are placed in the subphylum Chelicerata, within the phylum Arthropoda 

(Walter and Proctor 2013).  Although species-rich, Chelicerata only has three classes: 

Pycnogonida (sea spiders), Merostomata (horseshoe crabs) and Arachnida (Arabi et al. 

2012).  Arachnida is the only group of chelicerates to have colonized land (Walter and 

Proctor 2013) and is made up of 12 major taxa, including Araneae (spiders), Opiliones 

(harvestman), Pseudoscorpiones, Ricinulei, Scorpiones and Solifugae (sun spiders) 

(Shultz 2007).  Mites are morphologically distinct from other arachnids as they lack 

conspicuous segmentation, with little separation between the two main body sections (the 

gnathosoma and idiosoma) (Krantz 2009a).  Mites are extremely diverse with 55,000 

species described; however, true richness is believed to be ~1,000,000 (Krantz 2009b).  

Mite species are placed into two superorders, Acariformes and Parasitiformes, that have 

been traditionally grouped together as the subclass Acari (Lindquist et al. 2009a). 

Morphological evidence along with more recent DNA sequence data has raised the 

possibility that mites have a diphyletic origin, meaning that a mite-like body plan arose 

twice (Dunlop and Alberti 2008).  This is supported by fossil evidence, as the earliest 

acariform fossils are hundreds of millions of years older than the oldest parasitiform ones 

(Walter and Proctor 2013). Molecular data suggests that the sister group of Acariformes 

is Solifugae or Ricinulei (Dabert et al. 2010, Pepato et al. 2010, Pepato and Klimov 

2015); however, in other analyses, Pseudoscorpiones has been returned as the sister group 

to Acariformes (Ovchinnikov and Masta 2012) and Parasitiformes (Dabert et al. 2010).  

At 42,000 described species (Walter and Proctor 2013), Acariformes is the more diverse 

superorder and contains the orders Trombidiformes and Sarcoptiformes.  The suborders 
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Prostigmata (Trombidiformes) and Oribatida (Sarcoptiformes) comprise the majority of 

species in Acariformes and are relatively well studied in comparison to the two other 

suborders, Sphaerolichida and Endeostigmata (Dunlop and Alberti 2008; Walter et al. 

2009).  Parasitiformes is made up of the orders Opilioacarida, Holothyrida, Ixodida 

(ticks) and Mesostigmata.  Mesostigmata is the most species rich with 11,000 described 

species, many of which live in soil habitats (Walter and Proctor 2013).  The taxonomic 

relationship Acari is shown in Table 1-1. 

1.3 Overview of Mesostigmata and brief commentary on Oribatida 

 
 Within Mesostigmata there are three suborders, Monogynaspida, Trigynaspida 

and Sejida (Lindquist et al. 2009b).  Morphological differences between the suborders 

include number and shapes of shields covering the oviporus (female ovipositional 

opening), and the number of setae around it.  Almost all Mesostigmata belong to the 

Monogynaspida and its two main cohorts, Gamasina and Uropodina (Walter and Proctor 

2013). Mesostigmata occupy a variety of niches including predators in soil, predators in 

vertebrate and invertebrate nests, and parasites of vertebrates and invertebrates (Dowling 

and OConnor 2010).  Although the majority of named species are predators, many of the 

better studied taxa are parasites, including the devastating parasite of honeybees, Varroa 

(Varroidae), which has been one of the causes of global honeybee decline (Sammataro et 

al. 2000).   

Soil communities have been called ñthe poor manôs tropical forestò because of the 

high species richness and abundance of soil fauna, which can include up to a 1000 

species within a 1 m
2 
area (Anderson 1975; Giller 1996).  Although mesostigmatid mites 

can be abundant in soil, with up to 12,000 individuals/m
2
, (Christian 2000), they are not 
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the most abundant or diverse mite taxon found in soil, as oribatid mites can reach 

densities up to 100,000 individuals/m
2
, and typically comprise 60-90% of all mite species 

found (Gulvik 2007, Norton and Behan-Pelletier 2009).  Like most mesofauna, 

Mesostigmata in soil live in between the existing air-filled pore spaces rather than 

making their own burrows (Coleman et al. 2004). They reproduce through various sexual 

systems (diplodiploidy, arrhenotoky, parahaploidy and thelytoky) (Norton et al. 1993).  

Dispersal ability amongst soil Mesostigmata is species-specific, as some are phoretic on 

insects or small mammals, while others rely solely on walking to disperse (Siepel 1995; 

Ruf and Beck 2005).  

Soil mesostigmatid mites are mainly predators and in particular areas can have 

roughly the same biomass of larger bodied predators (e.g., spiders, centipedes) at the 

same sites (Scheu et al. 2003).  Soil Mesostigmata affect ecosystem function through 

their indirect connections to the three main energy flows in soil: primary production from 

plants, the fungal decomposition pathway, and the various bacterial mineralization and 

decomposition channels (Ruf and Beck 2005).  Mesostigmata predate mostly on 

decomposers such as collembolans and nematodes (Scheu 2002, Klarner et al. 2013).  

Some genera and species are specialists on particular prey groups, that can sometimes be 

reflected in cheliceral morphology (Buryn and Brandl 1992); however, some species are 

omnivorous (Madej and Skubala 1996, McMurtry and Croft 1997).  Interestingly, body 

size of Mesostigmata seems to have no relation to trophic position, as body mass does not 

correlate with trophic position (Klarner et al. 2013)  

Oribatid mites feed mainly on detritus and fungi and are important for ecosystem 

functioning in soil systems through their influence on microbial populations and 
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transportation of fungal spores (Maraun et al. 1998).  Although once thought to be 

generalists, Schneider et al.(2004) showed that many species of oribatid mites specialize 

on particular food sources, such as litter or fungi.  Oribatid mites vary drastically in body 

types, some being large and heavily armoured, while others are small and unsclerotized.  

These differences in morphology make some groups more susceptible to predation, as 

Schneider and Maraun (2009) found heavy predation by mesostigmatid mites on small, 

unsclerotized oribatid mites.  Oribatid mites exhibit relatively long generation times, 

which differs from other detritivores/fungivores like Collembola (Moore et al. 1988; 

Norton and Behan-Pelletier 2009).   

Compared to oribatid mites, little is known about how biotic and abiotic factors 

influence Mesostigmata.  Unsurprisingly, Mesostigmata will have different species 

richness/abundance, community composition or both within different plant-based habitat 

types (Nielsen et al. 2008; Beaulieu 2012; Nielsen et al. 2012; Díaz-Aguilar et al. 2013; 

Minor et al. 2016); this is commonly found with soil invertebrates as aboveground 

vegetation influence below ground properties.  Abiotic factors like pore volume and 

moisture have been shown to affect abundance of Mesostigmata (Berg et al. 1998; 

Nielsen et al. 2008); while elevation, slope position (different geographical areas on a 

slope) topographic (wetness) index and global solar radiation seem less important (Minor 

and Ermilov 2015).  Spatial influence (how geographic distance between assemblages 

structures composition, independent of environmental factors) has been shown to affect 

oribatid mite assemblages.  This has been attributed to their having limited long distance 

dispersal ability, partly due to having no specialized stage for dispersal (Lindo and 

Winchester 2009; Minor 2011), with a notable exception from Archegozetes magnus 
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(Sellnick) (Beaty et al. 2013).  In fact, spatial distance can correlate more strongly with 

variation in oribatid assemblages than environmental variables (Caruso et al. 2012).  For 

Mesostigmata, significant spatial influence was shown by Nielsen et al. (2012); however, 

Chen et al. (2014) found less support for it.  It is possible that distance between 

assemblages may be less important to soil Mesostigmata, as many species are phoretic 

and thus are limited less by dispersal ability (Siepel 1995)   

1.4 Mesostigmata and Oribatida as bioindicators 

 
The use of soil invertebrates as bioindicators dates back to the 1950ôs. Taxa used 

for biomonitoring include mites, collembolan, spiders, nematodes and beetles(Breure et 

al. 2005 and references within).  Mesostigmatans have been used to monitor soil quality 

in agricultural and forestry contexts (Koehler 1999, Minor and Norton 2004; Bedano et 

al. 2006), post-fire systems (Bogorodskaya et al. 2010; Kamczyc et al. 2017) and 

reclaimed industrial areas (Madej and Stod·ğka 2008, Madej and Kozub 2014).  

Mesostigmata have also been combined with other mite groups to create the OM/PA 

index (Oribatida + Mesostigmata/Prostigmata + Astigmata), where each mite group is 

thought to be differentially affected by land management practices (Bedano et al. 2011).  

The relative proportions for each mite group are calculated, then plugged into the formula 

[O+M/P+A] to determine that habitatôs index.  Bedano et al. (2011) found that natural 

areas had a higher index value.  Differences in mite proportions within disturbed 

environments, stem from the varying life histories amongst mite taxa (Siepel 1994, Siepel 

1995, Behan-Pelletier 1999).  Ruf (1997) created a soil maturity index (based on Bongers 

(1990)) that groups species into two categories, ñcolonizersò (r-selected taxa) and 
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ñpersistersò (K-selected taxa).  Ruf (1998) used this maturity index on different forests in 

Germany and noted that highly disturbed sites had lower maturity indexes.   

In contrast to soil Mesostigmata, soil Oribatidaôs utility as bioindicators has been 

relatively well investigated. Because of the existence of oribatid-specific protocols and 

relatively good knowledge of local faunas in many parts of the world (Balogh and Balogh 

1992, Balogh and Balogh 2002, Ruf and Beck 2005), oribatid mites are frequently used 

as bioindicators.  A review conducted by Gergócs and Hufnagel (2017) supported Behan-

Pelletier's (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 Institute (ABMI) uses oribatid mites as bioindicators, and identify their taxa 

with a key specifically developed for Albertan oribatids by Walter et al. (2014).  In 

contrast, central Europe is one of the few regions in the world that have been well 

surveyed for soil Mesostigmata (see Karg 1993).  However, as a high proportion of 

species remain undescribed for both groups, studies using species-level identification 

remain difficult to perform (Gulvik 2007). 

1.5 Biomonitoring and Taxonomy 

 
 One impediment to the use of invertebrates as bioindicators is the lack of 

ñtraditionalò taxonomic experts who use morphological features to identify species 

(Ebach et al. 2011).  More taxonomists are becoming molecular taxonomists, in which 

DNA sequences are used to sort out phylogenetic relationships (Godfray 2002; Luc et al. 

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

local taxonomic expertise is lacking.  Parataxonomists use RTUôs (recognizable 
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taxonomic units) (Oliver and Beattie 1993) to separate taxa into groups, which are 

sometimes referred to as morphospecies but are more properly called morphotaxa (Ward 

and Stanley 2004).  Krell (2004) showed that parataxonomy can either over- or 

underestimate the number of species/morphospecies present in a habitat, making it less 

accurate than classic taxonomy.  Ellis (1985) argued for ñtaxonomic sufficiencyò, in 

which identification of an organism should be done only to the level that fulfills the 

objective of the study.  Bevilacqua et al. (2013) used this philosophy with their BestAgg 

approach, in which a community matrix that contains a mixture of identification levels 

from species to phylum, in addition to functional groups, is used to delineate 

environmental features (e.g. habitat types, and disturbance) within an environment.  

Bevilacqua et al. (2013) found that BestAgg produced similar results to species-level 

identification for assemblages of benthic marine macroinvertebrates.  However, a similar 

study performed by Jiang et al. (2017) with freshwater macroinvertebrates found the 

BestAgg dataset to be most similar to genus-level 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 species-level identification, it may lead to further 

implementation of this method with taxonomically difficult organisms.     

1.6 Thesis Objectives and Outlines 

 
 This thesis involves the use of soil invertebrate samples from 77 ABMI sites in 

the Boreal forest in Alberta, Canada, collected between 2010-2015.  The overall goal is to 

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.  To my knowledge, only two studies in Western Canada 
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have focused on the ecology of soil Mesostigmata.  Díaz-Aguilar et al. (2013) found 

differences in Mesostigmata assemblages associated with differences in forest stand 

composition (coniferous vs. deciduous vs. mixed), while Díaz-Aguilar 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 Alberta was produced by Walter and Latonas (2011).  One of 

the main hindrances in ecological studies of invertebrates is lack of identification guides 

for local fauna. To help remedy this, Chapter 2 includes a list of taxa I found from the 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 

commentary on related taxa found thus far in northern Alberta and list of references used 

for identification is found on each page.   

 In Chapter 3, I used multivariate statistics to determine how environmental 

variables structure Mesostigmata assemblages.  This chapter will provide a greater 

understanding to what abiotic and biotic forces affect Mesostigmatan assemblage 

composition, including the influence of spatial distances between quadrants.  

 In Chapter 4, I tested the relative utility of Mesostigmata and Oribatida as 

bioindicators of three disturbance types: forest fire, forest harvest and linear features 

(seismic lines, pipelines and powerlines) for three levels of taxonomic resolution: family, 

genus, and species.  In addition, I applied the BestAgg method described by Bevilacqua 

et al. (2013) to determine if individuals can be sorted and identified to a mixture of fine 
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and coarse taxonomic levels can still provide similar results as species-level 

identifications. 

 In Chapter 5 I provided a summary of soil Mesostigmata species found in my 

thesis, and highlight the important environmental variables that structure soil 

Mesostigmata assemblages in the province.  I also discussed the results and implications 

of testing the utility of Mesostigmata and Oribatida as a bioindicator, and provide 

suggestions for future researchers on Mesostigmata and Oribatida usefulness as a 

bioindicator.  And finally, I provided my thoughts on biomonitoring of soil systems, and 

additional commentary on future studies in soil ecology and taxonomy.  
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1.8 Tables and Figures 

 
Table 1-1. The superorders, orders and suborders in the probably diphyletic subclass 

Acari, based on the classification in Krantz and Walter (2009). 

 

Superorder Order Suborder 

Parasitiformes Opilioacarida 

 

 

 Holothyrida 

 

 

 Ixodida 

 

 

 Mesostigmata 

 

Trigynaspida 

  Sejida 

 

  Monogynaspida 

 

Acariformes Trombidiformes 

 

Sphaerolichida 

  Prostigmata 

 

 Sarcoptiformes 

 

Endeostigmata 

  Oribatida 
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2 Chapter 2: Pictorial Database of Soil Mesostigmata of 

Alberta  
 
2.1 Introduction  

 
Soil systems contain an extremely diverse assemblage of taxa from every known 

terrestrial phylum (Giller 1996; Coleman et al. 2004), with a great many undescribed 

species; in fact, André et al. (2002) estimated that only 10% of species have 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 world (de Carvalho et al. 2005), which is partly due to the 

lack of funding opportunities within it (Ebach et al. 2011).  More researchers are relying 

on molecular data to identify organisms (Luc et al. 2010).  This eases identification, but 

other than presence/absence of particular genetic entities in particular habitats, little 

information on the organismôs ecology is learned.  However, knowledge about their 

ecology is needed more than ever, as we are becoming increasingly aware of the vital 

nature these organisms play in belowground ecosystem function.  Biodiversity Ecosystem 

Function (BEF) is the relationship species have in governing environmental processes.  

Originally, BEF concentrated on aboveground systems (e.g. Tilman et al. 1997); 

however, recent studies have focused on the relationship of belowground BEF.  Wagg et 

al. (2014) found that decreased belowground biodiversity can lower aboveground 

diversity and impact ecosystem processes such as net productivity of flora and litter 

decomposition.  

As fewer researchers are becoming experts in morphological taxonomy, researchers 

have begun using coarse taxonomy (genus-and family-level identifications) in lieu of 

species-level identification to quantify diversity, as it requires less expertise.  This 
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approach has been successful in quantifying diversity with various taxa like ants (Groc et 

al. 2010), beetles (Rosser and Eggleton 2012), and aquatic invertebrates (Jiang et al. 

2013; Jiang et al. 2017).  Even further removed from classical species-level taxonomy is 

parataxonomy, which involves identifying individuals based on easily recognizable 

features, such as color and body size, which may not always correlate well with actual 

taxonomic placement (Oliver and Beattie 1993; Basset 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 image databases are good tools 

for non-experts, because relevant morphology is clearly illustrated rather than being 

described in words.  Examples of these include online interactive keys to 

pseudoscorpions Buddle (2010) and nasal mites (Knee and Proctor 2010), and the 

AntWeb database (AntWeb 2017).   

Mites (Arachnida: Acariformes, Parasitiformes) are extremely diverse, with over 

55,000 described species (Walter and Proctor 2013) and true species richness believed to 

be around 1,000,000 (Krantz 2009).  The Parasitiformes contains four orders of mites: 

Opilioacarida, Holothyrida, Ixodida, and Mesostigmata (Klompen et al. 2007).  Out of 

the four orders, Mesostigmata is the most diverse with 11,000 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 invertebrates (Dowling and OConnor 2010).  Mesostigmata has three 

suborders, Trigynaspida, Sejida, and Monogynaspida.  Trigynaspid mites inhabit 

temperate and tropical regions, and are generally associated with reptiles and mammals 

(Lindquist et al. 2009).  Sejida, the most species-poor suborder, has a much larger global 
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distribution than Trigynaspida, and are often found in woody habitats (Lekveishvili and 

Klompen 2004; Lekveishvili and Klompen 2006; Walter and Proctor 2013).  

Monogynaspida is the most species-rich 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 containing every species/morphospecies of Mesostigmata that I 

identified from soil samples collected in the boreal forest in northern Alberta.  This 

database provides information on important morphological features for identification, 

notes on related taxa sampled in northern Alberta, and references to the primary literature 

used for identification.  Currently, the only soil mesofauna group that has been well 

studied in Alberta is oribatid mites (Arachnida: Acariformes).  Oribatid mites are one of 

the focal groups sampled by the Alberta Biodiversity Monitoring Institute (ABMI) due to 

their abundance and diversity in belowground communities. Taxonomic keys and 

illustrations of these mites can be found in Walter and Latonas (2011) and Walter et al. 

(2014).  I did not create a key to the Mesostigmata I identified in my M.Sc. research, as 

many species (and potential genera in Uropodina) remain undescribed; instead, I 

constructed a pictorial database that contains an extensive image collection to aid future 

researchers in their identifications of soil Mesostigmata from boreal Alberta. The 

database can be readily expanded to include new mesostigmatan taxa from Alberta, 

which are likely to be found in other regions and habitat types that I did not focus on in 

my thesis. 

2.2 Methods 

 

2.2.1 Sampling Technique 
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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.  Information on ABMI and its sampling protocol can be found at 

(http://www.abmi.ca/home/publications/1-50/46.html) (ABMI 2012), and unless 

otherwise stated in these methods, are identical to the sampling methodology described 

below.  ABMIôs project is structured on a grid of 1656 one-hectare sites, spaced 20 km 

apart throughout Alberta, Canada.  Additional off-grid sites are sometimes sampled to 

acquire information on a particularly unique environment or to assess abundance of rare 

biota.  For terrestrial sites, ABMI employs spatially randomized sampling methodology 

across its entire sampling grid, aimed at collecting data from each site on a 5-year 

rotation.  Each terrestrial site is split into 4 four quadrants: NE, NW SE, SW Each 

terrestrial site is split into 4 four quadrants: NE, NW SE, SW.  Organic and mineral soil 

samples are collected in the outer corners of each quadrant, 9.3 m diagonally outside of 

the one-hectare site, 80 m away from site center in the NE (45°), NW (315°), SE (135°), 

and SW (225°) direction.  500 mL of both organic and mineral soil samples is collected; 

each sample is composed of four subsamples, spaced 1-2 meters 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 reached. Soil samples are then 

shipped in coolers to the RAM within seven days of collection, and are processed by 

laboratory technicians and taxonomists.  Organic soil samples are placed in a Tullgren 

funnel with an incandescent light bulb as the light source, there, soil invertebrates are 

extracted into containers of 95% ethanol over a period of 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 categories, 50-300 ɛm and 

> 300 ɛm.  ABMI only identifies adult Oribatida that are greater than 300ɛm in size, 

oribatids < 300 ɛm, juvenile oribatids, and all non-oribatid invertebrates are placed into 

vials and stored as residuals at the RAM.  For my study, I took adult mesostigmatid mites 

from both the 50-300 ɛm and > 300 ɛm residuals.  All specimens were sorted with the 

aid of a dissecting microscope and placed in lactic acid overnight, to be slide-mounted 

the next day.  I used PVA (#6371A-PVA Medium and #6371NS1-PVA/Phenol free 

medium) from Bioquip products (Rancho, Dominguez, California) as slide-mounting 

media.  Glass slides (catalogue number 12-550-A3) and coverslips (catalogue number 12-

545-83) from Fisherbrand were used for slide making.  Labels for slides detailed ABMI 

site and quadrant, size category (50-300 ɛm or > 300 ɛm) family, genus and species of 

the individual, what side the mite is on (more than 1 mite, L and R, one mite, NA), sex of 

the mite (M/F) and slide box and slide location.  Nymphs and larval mites were encoded 

with n and l, respectively.  Each mite received its own label, meaning that some slides 

received two labels.  Slides were initially stored in the Proctor Lab, at the University of 

Alberta, but after the projectôs completion, were moved to the RAMôs reference 

collection.  For identification, I examined slide-mounted mites with a Leica DMLB 

compound scope with DIC microscopy and magnification capacity up to 800x.  Literature 

used for identifications partially came from unpublished keys acquired at the Acarology 

Summer Program at The Ohio State University, in addition to many published works 

(Trägårdh 1942; Evans 1955; Krantz 1961; Lindquist 1961; Hurlbutt 1963; Evans and 

Till 1966; Chant and Hansell 1971; Halaġkov§ 1977; Hirschmann et al. 1984; 

Wagrowska-Adamczyk and Hirschmann 1984; Karg 1993; Halliday 1997a; Halliday 
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1997b; Makarova 2000; Makarova 2003; Maġ§n 2003; Christian and Karg 2006; Chant 

and McMurtry 2007; Gwiazdowicz and Halliday 2008; Lindquist et al. 2009; Díaz-

Aguilar and Ujvári 2010; Kontschán 2010; Lindquist and Moraza 2010; Denmark and 

Evans 2011; Lindquist and Makarova 2011; Gwiazdowicz and Marchenko 2012; Joharchi 

et al. 2013; Maġ§n and Halliday 2013; Walter 2013; Hajizadeh et al. 2014; Ramroodi et 

al. 2014; Sikora 2014; Kontsch§n 2015; Narita et al. 2015; Kazemi et al. 2016; Maġ§n et 

al. 2016; Narita and De Moraes 2016; Vatankhah et al. 2016; Makarova and Huhta 2017).   

2.2.2 Image Acquisition and Manipulation and Website Creation 

 
 Images were taken with a Leica MC170 HD camera attached to the compound 

scope via the Leica LAS EZ 3.0 program.  Images were of important morphological 

features, examples include setae type and length, sternal and ventrianal/anal shield and 

male spermatodactyl/spermatotreme.  Images were edited in GIMP (GNU Image 

Manipulation Program) (The Gimp Team 1997-2015). The usual manipulation protocol 

involved removing visual artifacts (e.g. soil particles), reattaching separated limbs and 

repairing split shields, and applying a contrast mask.  Contrast masking consists of 6 

steps: 1) duplicate the original image for editing purposes, 2) desaturate the image, 3) 

apply a gaussian blur, 4) overlay the edited image onto the original image, 5) adjust 

contrast and brightness, and 6) sharpen image to highlight edges of its idiosoma.  Arrows 

or boxes were occasionally added to highlight morphological features. All images were 

labeled with a letter to match the description on the webpage with the image. 

 After GIMP processing, images were uploaded to the website 

https://mesostigmataofalberta.wordpress.com.  The website was created via WordPress 

(WordPress Foundation 2017).  Each species/morphospecies was given its own page.  
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Each page contains three sections: 1) images of important morphological features; 2) 

information on related taxa (in the context of the species/morphospecies found in 

northern Alberta) and 3) primary literature used for identification.  The primary literature 

used was in the form of ñin-textò citations.  These in-text citations are linked to the 

references where full citations are listed.  Species pages are connected to the taxonomy 

page, which groups species/morphospecies by their taxonomic rank (Suborder, Cohort, 

Family, and Genus).  Each species/morphospecies listed in the taxonomy page is 

connected via hyperlink to its individual page.   

 Additional pages were added to improve functionality of the website, and to 

provide more information on mesostigmatid mite morphology and terminology.  A 

óWelcomeô page was also added; it contains information on ABMI sites sampled, 

authorship and preferred citation format.  Information about ABMI and the RAM can be 

found in the óAboutô page.  An óUpdatesô page was made to notify users of any changes 

to species pages.  This connects to the óContactô page, which allows users to message the 

lead author (Matthew Meehan) by email.  Information on Mesostigmata morphology and 

terminology are found on the óGlossaryô page.  Finally, a óThank youô page was made to 

acknowledge other acarologists who helped with the identifications of individuals.  

2.2.3 Screenshots of Web Pages for Thesis 

 
Screenshots were taken of every part of the website and displayed four at a time on 

the following pages.  Screenshots for the Welcome, Updates, Contact, About and Thank 

you pages are displayed first.  These pages will subsequently be called the ñBase Pagesò.  

Screenshots containing all glossary terms, and the taxonomic tree are next shown.  After 
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that, species pages appear in the order shown on the taxonomic tree.  Finally, screenshots 

of the reference section are displayed. 

2.3 Results 

 
I identified soil mesostigmatid mites from 2 suborders, 3 cohorts, 21 families, 46 

genera and 109 species/morphospecies (Table 2-1).  For adults, I found an average of 

5.19 ° 2.85 (mean ° SD) species and 13.40 ° 11.78 individuals per quadrant. 

2.4 Website Content 

 

 A total of 118 webpages were made, screenshots of each page can be seen below.  

The website can be found at https://mesostigmataofalberta.wordpress.com.  The template 

of how screenshots will be presented is on the next page.  To view images of 

species/morphospecies please use the website.  Screenshots of the website were taken to 

fulfill the requirements for my MSc. thesis, and should not be used in place of the 

website.  At this time (Jan 2018), all species/morphospecies with the exception of one 

(Zercon sp. 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  
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2.4.2 Glossary 
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2.4.3 Taxonomic Tree (Closed) 
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2.4.4 Taxonomic Tree (Open) 

 

 

  
 

  


