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Punctoribatidae Thor, 1937, many of which are found in dry microhabitats. However,
while the family is present in all ecozones of Canada (Beaulieu et al., 2019), different
genera exhibit different habitat preferences. For example, two of the five described
Punctoribates Berlese, 1908 in Canada (P. palustris (Banks, 1895) and P. punctum (C.L.
Koch, 1839)) are reported from Sphagnum in peat bog and wet Sphagnum habitats,
respectively, while only two of the 17 described Mycobates Hull, 1916 (M. incurvatus
Hammer, 1952 and M. yukonensis Behan-Pelletier, 1994) are recorded from bog tundra
or peat habitats (Behan-Pelletier and Lindo, 2019). That said, while there are 35
described species in Punctoribatidae, there are an estimate of 30 additional unrecorded or
undescribed species in Canada (Beaulieu et al., 2019).

Among the 45 species as new records for Canadian peatlands, at least five species
are confirmed as undescribed (Pleodamaeus n. sp., Cepheus n. sp., Propelops n. sp.,
Trichoribates n. sp., Naiazetes n. sp.), suggesting great potential for more species to yet
be described, and clearly more taxonomic studies are needed on peatlands in North
America. For example, despite Protoribates haughlandae Walter and Latonas, 2013
being widely distributed across the province of Alberta (Walter and Latonas, 2013), this
species has only recently been collected by the systematic sampling of peatland sites.
Even though the oribatid mite fauna in Europe is considerably more studied than in
Canada, many studies still list species as morphospecies, which could also potentially
translate to new species or new records for peatlands worldwide (e.g., Markkula, 2014;
Seniczak et al., 2020; Sidorchuk, 2008).

Embedded in the expanded checklist of Canadian peatland oribatid mites are

geographical as well as habitat factors that dictate the presence and distribution of these
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mites. Prior to 1994, the vast majority of peatland records were for eastern Canada and
within the boreal ecozone, as were mine. The addition of records from western Canada
and the subarctic will continue to increase the number of known peatland species, as does
extensive and repeated sampling at single locations. Thus, | suggest that future studies
focus more on these sites with repeated sampling and/or more consideration of habitat
specific associations. For instance, Donaldson (1996) found significantly different
oribatid mite species assemblages across three different Sphagnum moss habitats within a
single location, while at the same time, the abundance and dominance of particular
species changed over one growing season. Taken together, this work highlights that,
despite the importance of peatlands as soil reservoirs for carbon and biodiversity,
peatlands and other wetland systems remain understudied with respect to oribatid mite

fauna in Canada compared to other habitat types.
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Chapter 3

3  Drivers of decomposer communities and decomposition
differ across a hummock-hollow microtopology in boreal
peatlands

3.1 Introduction

In northern boreal peatland ecosystems, decomposition is naturally slow due to
the combination of low seasonal temperatures, anaerobic and acidic conditions caused by
high level of water table and the resistant and low carbon quality nature of Sphagnum
mosses as the dominant vegetation (Hogg, 1993; Lindsay, 2010). Fens represent one type
of peatland with a typically high-water table maintained by groundwater sources
(Lindsay, 2010; McLaughlin and Webster, 2013), and where there is a notable presence
of hummock-hollow microtopological systems (Belyea and Clymo, 2001; Nungesser,
2003). Hummocks are dry raised areas above the water table with lower pH where the
dominant vegetation is often Sphagnum magellanicum Brid., and S. fuscum (Schimp.)
Klinggr. with greater amounts of shrubs, while hollows are wet depressions with higher
pH that have S. fallax (Klinggr.) Klinggr. and S. angustifolium (C. Jens. ex Russ.) C.
Jens.) as prevalent species (Andrus et al., 1983; Johnson et al., 2015).

Hummock-hollow microtopology in boreal peatlands have previously shown to
differ in vegetation (Vitt and Slack, 1984; Weston et al., 2017), fungal (Asemaninejad et
al., 2017) and bacterial (Asemaninejad et al., 2019) communities, but studies examining
peatland microarthropods in this system are lacking, although studies have previously
characterised more general microarthropod fauna in peatlands (e.g., Chapter 2; Krab et
al., 2014; Lindo, 2015; Minor et al., 2016; Mumladze et al., 2013). Several unexpected

terrestrial oribatid mite species have been found in the SF (Chapter 2) and although it is
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still unclear what the drivers of microarthropods are in Sphagnum-dominated peatlands,
plants and microflora may be important factors given they both differ across these
peatlands’ topography. At the same time, fauna may be associated with moisture (wet-dry
gradient (Minor et al., 2019)), or plant litter material (Gergdcs et al., 2015), either
because of the physical habitat it provides, and/or the microflora communities that act as
primary decomposers and serve as food resource for microarthropods (Maraun et al.,
2011; Siepel and de Reuiter-Dijkman, 1993; van der Heijden et al., 2008). Also, the role
microarthropods play in decomposition is poorly quantified (Garcia-Palacios et al.,
2013), which could be important for C flux (but see Chapter 5).

Decomposition, the process through which dead organic matter is broken down
and carbon is either immobilized or mineralized to the atmosphere, is controlled largely
through three main factors: climate (including microclimate), plant litter quality (e.g.,
nutrient status), and the biotic decomposer community, including microbes and
microarthropods (Bradford et al., 2016; Colteaux et al., 1995; Keiser and Bradford,
2017; Pefna-Pefia and Irmler, 2016; Wall et al., 2008). The relative contribution of these
factors, however, differs depending on the spatial and temporal scale of observation. For
instance, decomposition rates across large spatial scales are primarily dictated by climate
factors such as temperature and soil moisture conditions (Aerts, 1997; Colteaux et al.,
1995; Wall et al., 2008), while at very small scales the activity of the decomposer
community, including both primary (i.e., fungi and bacteria) and secondary (e.g.,
microarthropods) decomposers, can influence rates of decomposition (Yang and Chen,
2009; Zhang et al., 2001). That said, Cornwell et al. (2008) concluded that plant

functional traits that indicate or dictate plant litter quality are the predominant factor on
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rates of decomposition across biomes after accounting for differences in climate. The
intensity and interaction of climate factors and litter quality, however, vary according to
the ecosystem and ultimately modulate the effects of soil microarthropods on litter
decomposition (Garcia-Palacios et al., 2013; Wall et al., 2008)

In this study, | examined the oribatid mite communities that colonise plant litter of
three prevalent peatland plant functional types (Sphagnum moss, Carex sedge, and
Chamaedaphne shrub) in hummock and hollow microtopological systems in a
Sphagnum-dominated nutrient poor fen. | also explored rates of litter decomposition for
these three litter types. Then, | looked for a correlation between oribatid mite species
composition and litter mass loss. In doing so, | asked whether plant type or
microtopology drives oribatid mite community and decomposition rates in a boreal
peatland hummock-hollow system in northern Canada. | predicted oribatid mite
communities to be more diverse in hollows than on hummocks due to the higher moisture
levels of this microhabitat and that Sphaghum mosses would have the lowest

decomposition rates due to their lowest carbon quality.

3.2 Materials & Methods

3.2.1  Experimental design
The study was conducted in the Sphagnum-dominated fen near White River, ON

described in Chapter 2. At this site, the presence of hummock and hollow topologies is
evident, alongside flat ‘lawn’ areas. Chapter 2 provides a full description of the site
including vegetation and a complete list of oribatid mite species collected over repeated
sampling events. In this study, | used a total of 30 litterbags (10 cm x 7 cm with 1 mm

mesh) filled with 0.54-0.62 g dry weight of Sphagnum moss, Carex sedge, or
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Chamaedaphne shrub leaves and placed in the field for one year to examine oribatid mite
fauna colonization and decomposition rates. The choice of plants represents different
litter quality levels from common species at the site (Appendix B). More than one species
of each genus may have been present in Sphagnum and Carex plant type litter (Sphagnum
litterbags could have included S. magellanicum but was mostly S. angustifolium; Carex
litterbags were either C. magellanica or C. oligosperma, which are only differentiable
during seed set). All plant litter was collected from the site in the previous year, and air
dried in the lab. Subsamples of litter were oven dried at 60°C for 48 hours to allow for
determination of the remaining moisture content of the air-dried samples. The mesh size
of the litterbags was designed to allow entry and colonization by microfauna and most
mesofauna, specifically oribatid mites (Acari: Oribatida), the dominant microarthropods
in peatlands. Absolute dry weights of litter were recorded, and one litterbag of each plant
type was deployed to five hummocks and five hollow microhabitats in June of 2015.
Hummocks and hollows were chosen as pairs in relative proximity to one another
(approx. 2 m apart on average). Litterbags were placed on the surface and held in place
with pin flags. A single Hobo® datalogger was placed in a representative hummock and
hollow to track surface temperature and relative humidity every half an hour for the year.
Litterbags were collected after one year, placed in separate plastic bags and kept
cool until return to the laboratory. Any debris or litter deposited on the surface of, or
vegetation grown through the litterbags, was removed. Within 72 hours of collection,
samples were extracted from the litterbags using Tullgren funnels over three days into

75% EtOH using a low wattage (25W) bulb. Litterbags were further oven dried at 60°C
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for 48 hours and the contents reweighed. Decomposition rate of litter from each litterbag
was measured as mass loss using the following equation:

initial dry weight (g) - final dry weight (g)
Mass loss = — - x 100
initial dry weight (g)

| also used mass loss to estimate the decomposition constant (k) using the
exponential model created by Olson (1963):

Ly = Ly x e’

where Lo = mass at time zero, Lt = mass at time t, t = time of incubation in years
and k = the decomposition constant. The inverse of k gives an estimate of the mean
residence time (i.e., time required for the litter to decompose, in years) of the plant litter.

Following extraction, all invertebrates were morphotyped to order/family level
under a stereomicroscope (Nikon SMZ 745T). As the dominant group in my samples
(53.60% of all microarthropods), oribatid mites had representative individuals slide
mounted in Hoyer’s and identified to the family and genus level under a compound
microscope (Nikon Eclipse Ni) using keys in Norton and Behan-Pelletier (2009) and
literature provided by The Ohio State University Summer Acarology course. Final
Oribatida species level identifications were made using primary literature and confirmed
where possible against reference material. Data on invertebrates other than oribatid mites
is presented in Appendix C.

For each sample | determined oribatid mite species abundance (# of indiv. of
adults and immature / g dwt), adult oribatid mite species richness (# of species / g dwt),
and the proportional richness and abundance of oribatid mites in relation to all
microarthropods considered together (in percentage). | also calculated two diversity

indices for adult oribatid mites as follows: Shannon’s diversity index (H”):
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H = —YPixInPi
Where Pi is the proportional abundance of the ith species.
Pielou’s Evenness (J):

— H,
~ In(S)

J

Where H’ is Shannon’s diversity, and S is species richness.

3.2.2  Statistical analysis

Decomposition as measured by mass loss was analysed for differences between
hummaock and hollow microtopology, plant litter type, and the interaction between
microtopology and plant type using a full-factorial Analysis of VVariance (ANOVA) with a
Tukey HSD post hoc test. I did not statistically analyse the decomposition constant (k) or
the mean residence time, as they are directly derived from mass loss rates and would
show the same statistical trends.

Oribatid mite abundance, species richness, proportional richness and abundance,
Shannon’s diversity (H”) and Pielou’s evenness (J) were analysed by ANOVA under a full-
factorial design with microtopology and plant litter type as factors. I used Tukey HSD as
post hoc to determine differences between and within treatment levels (microtopology
and plant litter type) using the “emmeans” package (Lenth, 2020) and the function {cld}
in “multcomp” (Hothorn et al., 2008) in R statistical program (R Core Team, 2020).
Oribatid community composition was further assessed by a two-way permutation
multivariate ANOVA (PERMANOVA) based on Bray-Curtis dissimilarity using the function
{adonis} in the “vegan” package (Oksanen et al., 2019) to compare community structure
among plant litter type and microtopologies. Results were visualized using a non-metric

multidimensional scaling (NMDs) ordination (Clarke, 1993), where communities (i.e.,
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samples) that are more similar to one another are plotted closely together. In addition, I
performed nestedness analysis to interpret community structure by identifying whether
smaller assemblages were subsets of larger oribatid mite species assemblages. For the
nestedness analysis, I used “bipartite” package (Dormann et al., 2009) and the functions
{nestedtemp}, and {oecosimu} with {C.score} as parameters in R. Finally, Spearman’s
correlations were performed to examine whether the abundance and richness of oribatid
mites correlated with decomposition rates of plant litter type. All analyses used an alpha

of 0.05, and final plots were created in R with “ggplot2” package (Wickham, 2016).

3.3 Results

3.3.1.1  Oribatid mite diversity in litterbags

| identified 17 species from 506 specimens of oribatid mites colonising litterbags
after one year; ten species were unique to the hollow litterbags, while three species
(Trhypochthonius tectorum (Berlese, 1896) s.l., Mainothrus badius (Berlese, 1905), and
Lepidozetes singularis Berlese, 1910) were found solely in the hummock litterbags; four
species of oribatid mites were found in both hollow and hummock microhabitats,
although these were not necessarily the most abundant species (Appendix D). Oribatid
mite richness was greater in hollow microtopologies compared to hummocks (F1,24 =
25.633, P < 0.001), but did not differ significantly between plant litter types (F224 = 0.04,
P =0.957). In addition, there was no significant interaction between microtopology and
plant litter type for oribatid mite species richness (F2,24 = 0.451, P = 0.641).

Oribatid mite abundance colonizing litterbags was low; yet they were the most
abundant group present in the litterbags (53.6%), and their abundance also showed the

opposite pattern to mass loss following results for species richness; abundance did not
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significantly vary across plant litter types (F2.24=1.401, P = 0.265), instead,
microtopology was the main driver of abundance with hollows having significantly
greater abundance than hummocks (F1,24 = 7.359, P = 0.012) (Table 3.1). There was no
significant interaction between plant litter type and microtopology for oribatid mite
abundance (F224=1.09, P = 0.350).

Shannon’s diversity based on adult oribatid mites exhibited similar trends as
species richness, and was significantly higher in hollows compared to hummocks (F1,24 =
26.177, P <0.001) (Table 3.1), but did not differ between plant litter types (F2,24 = 1.320,
P = 0.285). There was no significant interaction between microtopology and plant litter
type (F224 = 0.569, P = 0.573). Pielou’s evenness values were also significantly higher in
hollows compared to hummocks (F1,19 = 11.644, P = 0.002), but not different between
plant litter types (F219 = 1.929, P = 0.172). There was no significant interaction between
microtopology and plant litter type for Pielou’s evenness either (F2,19 = 1.664, P = 0.215)

(Table 3.1).
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Table 3.1 Oribatid mite richness, abundance, adult abundance, immature abundance, Shannon’s diversity (H’) and species
evenness (J) for litterbags composed of three different peatland plant litter functional types placed in hollow and on hummock
microtopologies of a Sphagnum-dominated fen.

Values are means + standard error. Values followed by different letters are significantly different based on Tukey HSD post

hoc analysis.
Peat moss: Sphagnum Shrub: Chamaedaphne Sedge: Carex
Hummock Hollow Hummock Hollow Hummock* Hollow
Richness
(#species /g dwt) 2.45+0.76®°  8.27 +1.83%® 1.39 + 0.94° 10.21+1.622 0.72+0.72° 9.82 +3.732
Abundance
(# indiv. / g dwt) 7.40 +£3.48° 130.69 + 70.83° 2.73+0.86% 37.00+12.90° 0.72+0.72%  53.74 +29.09°
Shannon's
diversity (H") 0.26 £0.16"  0.93 +0.22% 0.13 £ 0.13% 1.20 +0.192 - 0.72 + 0.31%¢
Pielou's evenness
(J) 0.62 +£0.31%  0.69 + 0.10% 0.25 + 0.25% 0.85 + 0.062 - 0.60 + 0.20%

* Only one species present: Malaconothrus mollisetosus Hammer, 1952
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The proportional contribution of oribatid mite species richness to the total
richness of the samples was significantly lower in Carex litterbags (F220 = 11.784, P <
0.001) compared to Sphagnum (Tukey HSD, P = 0.002) and Chamaedaphne (Tukey
HSD, P = 0.001) litterbags. The proportional richness also displayed a significant plant
litter type-by-microtopology interaction (F2.20 = 4.449, P = 0.002), where it was similar in
hollow samples across all plant types and in hummock Sphagnum litterbags (~ 61%), but
was significantly greater in hummock litterbags composed of Chamaedaphne (100%) and
near zero (~4%) in hummock Carex litterbags. However, the proportional richness did
not differ between hummocks and hollows when all plant litter types were considered
together (main effect of microtopology: F1,20 = 1.559, P = 0.226). Results for the
proportional abundance of oribatid mites to all microarthropods were similar to trends in
richness with all hollow litterbags and Sphagnum litterbags from hummocks having
similar values (~ 67%) (plant litter type: F223 = 8.822, P = 0.001; plant litter type x
microtopology interaction: F2,23 = 7.663, P = 0.002) while hummock litterbags of
Chamaedaphne (100%) and Carex (~3%) were dichotomous in whether oribatid mites
were the dominant fauna (Figure 3.1).

Community composition of the oribatid community as analysed by PERMANOVA
was significantly different between the hummock and hollow microtopologies (F1,23 =
2.39, P =0.001). The NmDs plot demonstrates that hollow litterbags clustered more
closely together (i.e., had greater similarity in composition) than hummock litterbag
samples (Figure 3.2A), suggesting that communities in hollows are more homogeneous
than in hummaocks, and a possible nested subset. However, the nestedness analysis

showed the opposite result and suggests that the oribatid mite communities in hummocks
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are composed of different sets of species from those present in hollows (C.score = 0.63,
nestedness temperature = 14.82) (Figure 3.2B). In other words, the majority of species
was found in hollow litterbag samples and individuals in hummocks appear to be found at

random.

100
[']

60
[ ]

Proportional Abundance of Oribatida (%)
20

Sphagnum Carex Chamaedaphne Sphagnum  Carex Chamaedaphne
Hollows Hummocks

Figure 3.1 Proportional abundance of Oribatida in litterbags composed of three
peatland plant litter functional types placed for one year in hummock and hollow
microtopologies.

Bars are box and whisker plots denoting median value (solid thick line), upper and
lower quartile values (box delineation), maximum and minimum values (whiskers)

and outliers (circles).
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Figure 3.2 A) Non-metric multidimensional scaling (NMDS) plot depicting
community assembly of oribatid mites in a hummock-hollow system in a nutrient-
poor fen B) Matrix of oribatid mite species occurrence in hummock-hollow system.
NMDs is based on Bray-Curtis percent similarity of species standardised abundances
(n® individuals per g dry weight litter) for each species in 21 samples. Each column
in B) represents an oribatid mite species and each row represents one litterbag
sample. Black squares indicate species presence, and white spaces indicate species

absence. See Appendix D for full species list.
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3.3.1.2 Decomposition dynamics

Mass loss was not significantly correlated with total oribatid mite abundance (R =
-0.168, P = 0.372), or oribatid mite richness (R = 0.134, P = 0.479). Plant litter type had a
significant effect on the rate of decomposition as measured by mass loss of the three
different litter types (F224 = 48.884, P < 0.001), with the highest mass loss observed for
Carex followed by Chamaedaphne and then Sphagnum (Tukey HSD, P < 0.001) (Table
3.2). Neither microtopology (F1,24=0.330, P = 0.571) nor its interaction with plant type
(F224=1.032, P = 0.371) showed significant effect on decomposition rate. In a similar
way, because decomposition constant (k) and mean residence time are measures derived
from mass loss data, Sphagnum litter had the lowest decomposition constant and the
highest mean residence time (Table 3.2), indicating that a longer period would be

required for litter of this plant functional type to be decomposed in boreal peatlands.

Table 3.2 Decomposition rates and dynamics (decomposition constant (k) and mean
residence time) for three peatland plant functional type litters after one year
litterbag placement in dry hummocks and moist hollow microtopologies.

Values are means + standard error. Values followed by different letters are

significantly different based on Tukey HSD post hoc analysis.

Moss: Sphagnum  Shrub: Chamaedaphne
Mass Loss Decomposition (%)

Sedge: Carex

Hummock  21.64 +1.81% 28.87 + 1.62" 41.23 + 2.42%

Hollow 18.99 + 4.01¢ 32.15+0.98° 43.75+£1.16%
Decomposition constant (k)

Hummock 0.24 £ 0.02 0.34 £ 0.02 0.54 +0.04

Hollow 0.22 £0.05 0.39+0.01 0.58 £ 0.02
Mean residence time (year)

Hummock 2.05+0.10 1.72£0.05 1.38£0.05

Hollow 2.31+0.22 1.61 +0.03 1.32 £ 0.02
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3.4 Discussion

Aboveground and belowground systems are intricately linked by the entry of
plant litter and other detritus to the soil system where they undergo decomposition.
Controls on decomposition are often largely driven by abiotic factors such as temperature
and moisture, the ecostoichiometric and chemical composition of the plant litter, as well
as the composition of the detrital community (Bradford et al., 2016; Keiser and Bradford,
2017; Wall et al., 2008). Here, using litterbags of three different peatland plant litter
functional types (moss, sedge, shrub) placed at two different micro-environmental sites
(hummock and hollow), I showed that abiotic environmental conditions are the main
drivers of community structure for detrital invertebrates, while plant litter quality is a
more important determinant of decomposition dynamics in boreal peatlands.

The differences in micro-climate conditions between hummaocks and hollows
were only measured at a single hummock-hollow site, while litterbags were placed across
five hummock-hollow microtopologies, thus generalisation of hummock and hollow
micro-climates is limited. However, my data for temperature and relative humidity
suggested that hummocks are drier, warmer and more variable than hollows (see
Appendix E), but that the magnitude of those differences is potentially minor. Yet,
significant differences were seen in the richness and abundance of microarthropods
associated with hummock and hollow microtopologies. Microarthropods are sensitive to
moisture regimes and humidity of microhabitats, with low moisture conditions limiting
species richness, abundance, and diversity (Lindberg, 2003; Lindo and Winchester, 2007;
Materna, 2000; Minor et al., 2019; Pflug and Wolters, 2001; Siepel, 1996) in many
ecosystems. Similarly, desiccation (drainage) in a Sphagnum bog has been shown to

decrease oribatid mite species richness (Lehmitz, 2014), as | found in hummaocks
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compared to hollows. Minor et al. (2019) also found lower abundance of oribatid mites in
hummaocks vs. wetter areas of a Russian Sphagnum peatland. Oribatid mites as the
dominant and representative microarthropod group in peatland systems (Laiho et al.,
2001; Lindo, 2015; Silvan et al., 2000) showed similar results to Collembola (a decrease
in richness and abundance in drier conditions; Appendix C), suggesting many
microarthropod groups are similarly responding to microclimate conditions or latent
differences in resource availability. Richness and abundance trends between hummocks
and hollows may be related to abiotic conditions either in microclimate as suggested
above, or through physical or chemical aspects associated with different Sphagnum
species (Belyea and Clymo, 2001), such as greater nutrient availability, higher pH
(Clymo, 1987), and a more diverse fungal (Asemaninejad et al., 2017) and bacterial
(Asemaninejad et al., 2019) community in hollows when compared to hummocks.

Greater richness and abundance of oribatid mites in hollows led to more
homogeneous community composition with most hummock species also being found in
hollows, although three oribatid mite species were unique to the hummock
microtopology. A recent study of the fungal communities of hummock and hollow peat at
the same location revealed statistically distinct fungal community composition between
hollows and hummocks, with the hollows containing a more diverse fungal community
than hummaocks (Asemaninejad et al., 2017). In this chapter, the community composition
of the hummock samples appeared to be composed of random individuals, rather than a
nested subset of the hollow species. However, upon closer examination of oribatid mites,
| found plant litter type helped structure the hummock communities (but not in the

hollows). Carex litter placed on hummocks had nearly zero oribatid mites colonise the
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litterbags, whereas only oribatid mites colonised the Chamaedaphne litterbags on
hummocks. | cannot fully explain this result, although the presence and spatial
distribution of Chamaedaphne calyculata has been shown to determine fungal turnover
and play a key role in the structure of microbial communities by releasing dissolved
organic carbon (DOC) (Lin et al., 2014). It may be that microbial (fungal) resources were
more readily available in Chamaedaphne versus Carex litterbags on hummocks, or
alternatively the small, tough leaves of Chamaedaphne may have created more
favourable physical conditions for oribatid mites, possibly through the retention of
moisture.

Litterbags in this chapter yielded lower species richness than other peatland
studies that have sampled the peat-soil directly (e.g., Chapter 2; Lindo, 2015), although
Trhypochthonius tectorum (Berlese, 1896) s.l. and Lepidozetes sp. were found in the
litterbags, but not in Chapter 2 or Lindo (2015). While | found on average 23.55 oribatid
mite species/peat soil sample in the SF in Chapter 2, the average oribatid mite richness
was only 4 species/litterbag in hollows and 1.42 on hummocks. Total oribatid species
richness was also higher in Chapter 2, where | found 59 species in the SF compared to
only 17 species found in the litterbags. Nonetheless, asexually reproducing oribatid mite
species (parthenogenetic) also dominated the litterbags (64% of all species, 64% of the
species in hollows and 71% of the species on hummaocks), exceeding the trend seen for
the full assemblage (56% of all species were asexual in the SF (Chapter 2)). In addition,
most oribatid species found in the litterbags exhibit some level of sclerotization/
mineralization that might indicate desiccation tolerance (76% of all species, 61% of the

species in hollows and 80% on hummocks), which was higher than that in the full
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oribatid mite assemblage (59% of all species in SF — Chapter 2). On average, litterbags
also had less individuals of oribatid mites compared to the average found in Chapter 2
(38.72 ind. / g dwt litter compared to 86.43 ind. / g dwt peat soil, respectively). Besides
being represented by more parthenogenetic oribatid species, more individuals of
parthenogenetic species than sexual species were also found in litterbags (~7.5-fold
greater), although this was lower than the proportion found for the full oribatid
assemblage in the SF in Chapter 2 (10-fold greater). Also different was the proportion of
sclerotized/mineralized individuals, where | found almost twice as many individuals (std
abundance) in litterbags compared to the full assemblage (sclerotized/mineralized
individuals represented 62% of all individuals in litterbags and 34% of all individuals in
the SF). Both richness and abundance proportions seemed to indicate higher desiccation
tolerance in the species found in litterbags than in Chapter 2.

The litterbag technique is widely used to study decomposition (Moore et al.,
2017; Prescott, 2005; Yavitt et al., 2019), and can also be used to address questions of
soil fauna litter associations and colonisation processes (Pefia-Pefia and Irmler, 2016;
Soong et al., 2016). Linking the two (soil fauna composition and decomposition rates )
has proved elusive and advocated to be included in decomposition models (Garcia-
Palacios et al., 2013; Wall et al., 2008) — here, patterns in fauna diversity (richness,
abundance) were not correlated with mass loss rates, which is understandable as previous
studies suggest contributions of fauna to decomposition are mostly indirect through the
microbial communities, and therefore hard to measure (Carcamo et al., 2001; de Resende
et al., 2013; Faber and Verhoef, 1991; Joo et al., 2006; Moore et al., 1988; Seastedt,

1984; Zhang et al., 2001; but see Section 5.3.2.). Nonetheless, Hofer et al. (2001) found a


















Oppiella nova (Oudemans, 1902)
Oppiella (Moritzoppia) translamellata (Willmann, 1923)’
Subiasella (Lalmoppia) maculata (Hammer, 1952)

Family Quadroppiidae Balogh, 1983
Quadroppia quadricarinata (Michael, 1885)
Quadroppia skookumchucki Jacot, 1939

Family Thyrisomidae Grandjean, 1954
Pantelozetes sp.®
Pantelozetes alpestris (Willmann, 1929)

Family Suctobelbidae Jacot, 1938
Allosuctobelba sp. 1
Allosuctobelba sp. 2
Suctobelbella (S.) arcana Moritz, 1970
Suctobelbella hammerae (Krivolutsky, 1965)
Suctobelbella hurshi Jacot, 1937
Suctobelbella laxtoni Jacot, 1937
Suctobelbella nr. longirostris (Forsslund, 1941)
Suctobelbella palustris (Forsslund, 1953)
Suctobelbella nr. palustris (Forsslund, 1953)
Suctobelbella nr. sarekensis (Forsslund, 1941)
Suctobelbella sp. 1
Suctobelbella sp. 2
Suctobelbella sp. 3
Suctobelbella sp. 4
Suctobelbella sp. 5
Suctobelbella spp.

Family Tectocepheidae Grandjean, 1954
Tectocepheus sarekensis Tragardh, 1910
Tectocepheus velatus Tragardh, 1905

Family Caleremaeidae Grandjean, 1965
Veloppia pulchra Hammer, 1955

Family Hydrozetidae Grandjean, 1954
Hydrozetes lacustris (Michael, 1882)
Hydrozetes octosetosus Willmann, 1931
Hydrozetes sp.

Family Limnozetidae Grandjean, 1954
Limnozetes atmetos Behan-Pelletier, 1989
Limnozetes borealis Behan-Pelletier, 1989
Limnozetes canadensis Hammer, 1952
Limnozetes ciliatus (Schrank, 1803)
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Limnozetes guyi Behan-Pelletier, 1989
Limnozetes latilamellatus Behan-Pelletier, 1989
Limnozetes lustrum Behan-Pelletier, 1989
Limnozetes onondaga Behan-Pelletier, 1989
Limnozetes palmerae Behan-Pelletier, 1989
Limnozetes sp.
Family Ameronothridae Vitzthum, 1943
Ameronothrus sp.
Family Tegeocranellidae Balogh and Balogh, 1988
Tegeocranellus muscorum Behan-Pelletier, 1997
Family Cymbaeremaeidae Sellnick, 1928
Scapheremaeus palustris (Sellnick, 1924)
Family Phenopelopidae Petrunkevich, 1955
Eupelops septentrionalis (Tragardh, 1910)
Propelops n. sp.
Family Unduloribatidae Kunst, 1971
Unduloribates dianae Behan-Pelletier and Walter, 2009
Family Achipteriidae Thor, 1929
Achipteria coleoptrata (Linnaeus, 1758)
Anachipteria sp.
Parachipteria nivalis (Hammer, 1952)
Parachipteria travei Nevin, 1976
Family Tegoribatidae Grandjean, 1954
Tectoribates borealis Behan-Pelletier and Walter, 2013
Tegoribates americanus Hammer, 1958
Family Haplozetidae Grandjean, 1936
Peloribates canadensis Hammer, 1952
Peloribates pilosus Hammer, 1952
Protoribates capucinus Berlese, 1908
Protoribates haughlandae Walter and Latonas, 2013
Protoribates lophotrichus (Berlese, 1904)
Protoribates sp.°
Rostrozetes ovulum (Berlese 1908)°
Family Mochlozetidae Grandjean, 1960
Podoribates longipes (Berlese, 1887)
Family Oribatulidae Thor, 1929
Lucoppia nr. apletosa (Higgins and Woolley, 1975)
Oribatula tibialis (Nicolet, 1855)
Phauloppia boletorum (Ewing, 1913)
Zygoribatula bulanovae Kulijew, 1961
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Family Parakalummidae Grandjean, 1936

Neoribates aurantiacus (Oudemans, 1914) +
Family Scheloribatidae Grandjean, 1933
Dometorina plantivaga (Berlese, 1895) +
Liebstadia humerata Sellnick, 1928 +

Liebstadia similis Michael, (1888)
Scheloribates laevigatus (C.L. Koch, 1835)

— + 4+ =

Scheloribates pallidulus (C.L. Koch, 1841) +
Scheloribates sp.

Family Ceratozetidae Jacot, 1925
Ceratozetes parvulus Sellnick, 1922 +
Dentizetes ledensis Behan-Pelletier, 2000 +
Diapterobates humeralis (Hermann, 1804) +
Diapterobates notatus (Thorell, 1871) +
Fuscozetes bidentatus Banks 1895 +
Fuscozetes fuscipes (C.L. Koch, 1844) +
Ghilarovizetes longisetosus (Hammer, 1952) T
Lepidozetes singularis Berlese, 1910 + +
Melanozetes tanana Behan-Pelletier, 1986 +
Neogymnobates luteus (Hammer, 1955) T
Svalbardia paludicola Thor, 1930 T
Trichoribates copperminensis Hammer, 1952 T
Trichoribates polaris Hammer, 1953 T
Trichoribates n. sp. +
Trichoribates sp. +

Family Punctoribatidae Thor, 1937
Mycobates incurvatus Hammer, 1952 T
Mycobates yukonensis Behan-Pelletier, 1994 T
Punctoribates palustris (Banks, 1895) T + +

Family Zetomimidae Shaldybina, 1966
Heterozetes aquaticus (Banks, 1895) T
Heterozetes minnesotensis (Ewing, 1913) T
Naiazetes n. sp. +
Zetomimus cooki Behan-Pelletier and Eamer, 2003 +
Zetomimus francisi (Habeeb, 1974) T
Zetomimus setosus (Banks, 1895) T

Family Galumnidae Jacot, 1925
Pergalumna emarginata (Banks, 1895) + + +

Pilogalumna sp. + +
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Original record by Behan-Pelletier and Bissett (1994) denoted by + with updates from
Behan-Pelletier and Lindo (2019) denoted by
Zas Hoplophthiracarus paludis Jacot, 1938

%as Heminothrus thori (Berlese, 1904)

“as Trimalaconothrus novus (Sellnick, 1921)
®probably Nanhermannia coronata Berlese, 1913
®as Oppiella maritima (Willmann, 1929)

"as Oppiella translamellata (Willmann, 1923)
8as Gemmazetes sp.

%as Xylobates sp.

10935 Rostrozetes foveolatus Sellnick, 1925
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Appendix B The %C, %N, and C:N values for fresh plant material collected from
each species observed at the Sphagnum-dominated peatland in northern Ontario,
Canada.

Values are means + standard error for three replicate plants. Values for Carex spp.
are averaged over Carex disperma Dewey and Carex magellanica Lam./Carex
oligosperma Michx, whereas values for Sphagnum spp. are averaged over S.
angustifolium (C.E.P. Jensen ex Russow), S. fuscum (Schimp.) Klinggr. and

S. magellanicum Brid. Adapted from Lyons (2020).

Plant %C %N C:N

Carex spp. 4406+£0.09 1.48+0.05 29.78+1.08
Chamaedaphne calyculata (L.) Moench  52.07 £0.04  1.23+0.07 42.79+2.44

Sphagnum spp. 4460+020 095+0.02 47.06+1.50




Appendix C List of invertebrates other than oribatid mites and their average
abundance sampled from hummock-hollow systems.
Abundance values are averages (# indiv. per g dry weight litter) (£ SE) for

hummocks and hollows.

Group Morphospecies Hummock Hollow
Acari Prostigmata 0.80 +0.55 1.97 £ 0.60
Acari Mesostigmata 0.77+£053 3.33+151
Acari Astigmata 0 0.50+0.34
Collembola Onychiuridae sp. 1 025+£0.25 24.38+7.73
Collembola Onychiuridae sp. 2 0 26.56 + 11.94
Collembola Hypogastruridae sp. 1 0.69+0.49 19.17+9.58
Collembola Poduromorpha sp. 1 040+£040 0.64%0.35
Collembola Sminthuridae sp. 1 0 0.14+£0.14
Collembola Tomoceridae sp. 1 0 0.18£0.18
Collembola Poduromorpha sp. 2 0.77+£053 0.38%£0.27

Arthropoda  Other microarthropods* 207095 4.46+2.01

* Includes small spiders and insect larvae of the orders Coleoptera and Diptera (mostly
chironomids)
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Appendix D List of oribatid mite species (Acari: Oribatida) and their average

abundance sampled from hummock-hollow systems.

216

Species are listed in taxonomic order. Abundance values are averages (# indiv. per g

dry weight litter) (x SE) for hummocks and hollows.

Code  Species Hummock Hollow
Emahu  Eniochthonius mahunkai 0 0.59 +0.32
Phth Phthiracarus sp. 0 0.61+£0.33
Hoplo  Hoplophorella thoreaui* 0 2,24 +1.15
Malaco Malaconothrus mollisetosus 0.38 +0.27 8.79+3.94
Tmaior  Tyrphonothrus maior 0 0.38 £0.38
Tfoveo  Tyrphonothrus foveolatus 0 3.73+2.61
Trhyp  Trhypochthonius tectorum 0.14+£0.14 0
Maino  Mainothrus badius 0.15+£0.15 0
Nanh Nanhermannia dorsalis 0 2.39+1.23
Tecto Tectocepheus velatus 0 5.46 £ 1.56
Onova  Oppiella nova 0 6.40 + 3.58
Sucto Suctobelbella spp. 040+£0.29 0.80+0.55
Lguyi Limnozetes guyi 0.13+0.13 22.76 = 20.26
Lsing Lepidozetes singularis 0.26 £ 0.26 0
Lepido  Lepidozetes sp. 057+£043 249249
Schelo  Scheloribates pallidulus 0 0.28 £0.19
Ppalus  Punctoribates palustris 0 0.55 £ 0.30

* The genus Hoplophorella needs major taxonomic revision, and it is possible than more

than one species was identified as Hoplophorella thoreaui.



Appendix E Temperature regimes in hummock-hollow system in a Sphagnum-

dominated peatland over 12-month litterbag study.

Monthly minimum, average and maximum temperatures are shown in Celsius.

Relative humidity was expressed as percentage of the amount of water vapor

present needed for saturation. A single Hobo datalogger was placed in a

representative hummock and hollow to track surface temperature and relative

humidity every half an hour for the year.

Hummock
Temperature Relative Humidity
min average max min  average max
15-Aug -0.3 14.7 299 61.1 95.1 100
15-Sep  -3.2 12.9 29.8 61 97.3 100
15-Oct -6.4 2.7 22 88 99.4 100
15-Nov  -3.2 1.8 123 87.3 98.1 100
15-Dec  -5.5 -1.1 25 75.6 97.1 100
16-Jan  -4.1 -1.5 -0.1 100 100 100
16-Feb  -34 -1.6 -0.6 100 100 100
16-Mar  -2.8 -0.8 0 100 100 100
16-Apr  -8.3 1.1 17 83 99.7 100
16-May -5 9.8 279 82.6 99.1 100
16-Jun 0.5 15 33.8 59.9 97.9 100
16-Jul 3 17.5 31.6 1 65.4 100
16-Aug 45 18 30.2 1 61.1 96.633
Hollow
Temperature Relative Humidity
min average max min  average max
15-Aug -0.1 14.2 27.2 73.1 97.1 100
15-Sep -4.9 11.9 27.2 54.3 96.8 100
15-Oct -7.9 2.1 16.5 80.6 99.1 100
15-Nov -4 1.8 119 88.4 99.9 100
15-Dec -2.5 0 1.6 100 100 100
16-Jan -1 -0.1 0.2 100 100 100
16-Feb -0.2 0 0.1 100 100 100
16-Mar -0.1 0 0.1 100 100 100
16-Apr -8.6 0.6 18 522 97.7 100
16-May -6.6 8.9 28.9 435 91.6 100
16-Jun -0.6 13.6 34.3 56.6 96.2 100
16-Jul 2 15.8 30.2 63.8 98 100
16-Aug 3.6 16.4 28.9 b55.6 90.8 100
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Appendix F Oribatid mite species sampled from the SF and CF and included in
DBRDA analysis based on their axis loadings.

These represent 50% of the species in each fen (SF: n = 34; CF: n = 24). Species are
listed in decreasing order of by the sum of their absolute total scores for axes CAP1
and CAP2.

Sphagnum-dominated fen Carex-dominated fen
Emahu Eniochthonius mahunkai Tmaior  Tyrphonothrus maior
Onova Oppiella nova Maino Mainothrus badius
Malaco  Malaconothrus mollisetosus Malaco  Malaconothrus mollisetosus
Liolapp  Liochthonius lapponicus Lguyi Limnozetes guyi
Phth Phthiracarus sp. Lonond Limnozetes onondaga
Suctohur  Suctobelbella hurshi Onova  Oppiella nova
Quadro  Quadroppia quadricarinata Sucto3  Suctobelbella sp. 3
Tecto Tectocepheus velatus Liosell Liochthonius sellnicki
Liobre Liochthonius brevis Anach Anachipteria sp.
Sucto3 Suctobelbella sp. 3 Cparvu  Ceratozetes parvulus
Gozm Gozmanyina majestus Suctol  Suctobelbella sp. 1
Sucpalus  Suctobelbella palustris Tecto Tectocepheus velatus
Nothmon Nothrus monodactylus Ppalus Punctoribates palustris
Perga Pergalumna emarginata Sucto4  Suctobelbella sp. 4
Suctol Suctobelbella sp. 1 Sucpalus Suctobelbella palustris
Sellzel Sellnickochthonius zelawaiensis ~ Suctohur  Suctobelbella hurshi
Sucto4 Suctobelbella sp. 4 Liolapp  Liochthonius lapponicus
Maino Mainothrus badius Perga Pergalumna emarginata
Eminut  Eniochthonius minutissimus Liobre Liochthonius brevis
Sellsuec  Sellnickochthonius suecicus Sellsuec  Sellnickochthonius suecicus
Aardua  Acrotritia ardua Brach Brachychthonius sp.
Suctarc  Suctobelbella (S.) arcana Phth Phthiracarus sp.
Hoplo Hoplophorella thoreaui Suctarc  Suctobelbella (S.) arcana
Tmaior  Tyrphonothrus maior Naiaz Naiazetes n. sp.

Ppalus Punctoribates palustris
Hypo Hypochthonius rufulus

Synch Synchthonius crenulatus
Schelo Scheloribates pallidulus
Lauro nr. Lauroppia sp.

Cargra Carabodes granulatus
Palaec Palaeacarus hystricinus
Poecspi  Poecilochthonius spiciger
Nanh Nanhermannia dorsalis
Platyn Platynothrus punctatus
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Appendix G List of oribatid mite species (Acari: Oribatida) and their average

abundance sampled from control and warmed plots in both fens.

Species are listed in taxonomic order. Abundance values are averages (# indiv. per g

dry weight peat) (+ SE) for treatment levels in each site.

Sphaghum-dominated fen

Carex-dominated fen

Species Control Warming Control Warming
Family Palaeacaridae

Palaeacarus hystricinus 0.016 £ 0.011 0.032 £ 0.020 0.006 = 0.006 0.010 £ 0.010
Family Brachychthoniidae

Brachychthonius bimaculatus 0.005 + 0.005 0.036 £0.018 0 0

Brachychthonius sp. 0 0 0.006 £0.004  0.007 £ 0.007

Eobrachychthonius latior 0 0.009 £ 0.009 0 0

Liochthonius brevis 0.984 + 0.145 2.157 +0.383 0.043+0.020  0.026 £ 0.014

Liochthonius lapponicus 3.924 +£0.643 5412 £1.019 0.033+0.017  0.008 + 0.005

Liochthonius sellnicki 0.038 £ 0.017 0.032+£0.20 0.378 £0.094  0.385+0.099

Liochthonius sp. 0 0 0 0.003 £0.003

Poecilochthonius spiciger 0.018 +0.010 0.029 +0.016 0.007 £0.005  0.061 +0.007

Sellnickochthonius suecicus 0.279 £0.161 0.114 £ 0.050 0.050 £0.027  0.115+0.063

Sellnickochthonius zelawaiensis 0.496 + 0.194 0.413 +0.117 0.004 + 0.004 0

Synchthonius crenulatus 0.291 +£0.087 0.368 + 0.096 0 0
Family Eniochthoniidae

Eniochthonius mahunkai 3.867 + 0.653 5.064 +1.119 0.003 + 0.003 0

Eniochthonius minutissimus 0.432 £ 0.125 0.993 £ 0.271 0.002 + 0.002 0
Family Hypochthoniidae

Hypochthonius rufulus 0.071 +0.023 0.170 £ 0.046 0.004 +£0.004  0.004 +0.004
Family Trichthoniidae

Gozmanyina majestus 1.187 £ 0.416 1.078 £ 0.264 0 0
Family Euphthiracaridae

Acrotritia ardua 0.440 + 0.053 0.345 + 0.067 0 0

Microtritia minima 0.020 £ 0.010 0.027 £ 0.010 0 0
Family Phthiracaridae

Hoplophorella thoreaui* 0.275+0.072 0.271+£0.076 0 0

Phthiracarus boresetosus 0.024 £ 0.015 0.024 £ 0.012 0.006 + 0.006 0

Phthiracarus sp. 2.098 + 0.329 1.730 £ 0.413 0.034 +£0.020  0.014 +0.007
Family Crotoniidae

Camisia segnis 0 0 0.004 + 0.004 0

Heminothrus longisetosus 0.004 £ 0.004 0.004 £ 0.004 0 0

Platynothrus punctatus 0.092 + 0.028 0.094 + 0.027 0 0
Family Malaconothridae

Malaconothrus mollisetosus 4.776 £ 0.644 3.816 + 0.553 1.036 £0.419  0.905 +0.501

Tyrphonothrus foveolatus 0 0.052 + 0.052 0 0

Tyrphonothrus maior 0.005 = 0.005 0.308 + 0.284 2915+0.339  3.162+0.479
Family Nanhermanniidae

Nanhermannia dorsalis 0.063 + 0.027 0.104 + 0.047 0 0



Family Nothridae
Nothrus borussicus
Nothrus monodactylus
Family Trhypochthoniidae
Mainothrus badius
Trhypochthoniellus setosus
canadensis
Family Gymnodamaeidae
Pleodamaeus n. sp.
Family Cepheidae
Eupterotegaeus ornatissimus
Family Astegistidae
Cultroribula divergens
Family Peloppiidae
Ceratoppia bipilis
Ceratoppia quadridentata
Family Carabodidae
Carabodes granulatus
Carabodes polyporetes
Family Oppiidae
Discoppia sp.
nr. Lauroppia sp.
Moritzoppia nr. clavigera
Oppiella nova
Family Quadroppiidae
Quadroppia quadricarinata
Family Suctobelbidae
Allosuctobelba sp.1
Suctobelbella (S.) arcana
Suctobelbella hurshi
Suctobelbella laxtoni
Suctobelbella nr. longirostris
Suctobelbella palustris
Suctobelbella nr. sarekensis
Suctobelbella sp. 1
Suctobelbella sp. 2
Suctobelbella sp. 3
Suctobelbella sp. 4
Suctobelbella sp. 5
Family Tectocepheidae
Tectocepheus velatus
Family Limnozetidae
Limnozetes guyi
Limnozetes onondaga
Family Phenopelopidae
Eupelops septentrionalis

0
1.021 + 0.268

1.471 £ 0.320

0

0.005 £+ 0.005

0.004 = 0.004
0

0.029 +£0.017
0

0
0.099 +0.099
0.005 + 0.005
3.380£0.724

0.791+£0.293

0.021 +0.012
0.198 + 0.058
1.615 £ 0.333
0.027 +0.014
0.029 +£0.018
0.586 +£0.142
0
0.378 £0.073
0
2.435 +0.358
1.291 £ 0.179
0.057 +£0.020

5.577 £ 0.756

0.022 +0.017
0

0.004 + 0.004

0
0.711+0.173

0.752 £ 0.155

0

0.004 + 0.004

0.007 +0.007
0.010 +0.010

0.049 +£0.017
0.012 +0.009

0.008 + 0.008
0.006 + 0.006
0
3.897 £ 0.505

1.480 + 0.336

0.055 +0.032
0.192 £0.071
1.921 £ 0.311
0.006 + 0.006
0.055 +0.032
0.672 £0.126
0
0.311+£0.073
0.007 £ 0.007
1.714 £ 0.272
1.263 £ 0.142
0.058 + 0.025

4.594 + 0.606

2.004 £ 0.543

0

0.011 +0.005
0

o o

0
0
0
0.626 +0.180

0.007 = 0.005

0
0.003 +0.003
0.036 £ 0.011
0.008 + 0.006
0
0.151 +0.044
0.010 +0.007
0.096 = 0.030
0
0.121 +0.028
0.066 +0.019
0

0.303 £ 0.130

1.082 £ 0.381
0.639 +0.344
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0.004 = 0.004
0

1.771+0.424

0.004 +0.004

0.006 + 0.006

0.011 +0.005
0

o o

0
0
0
0.146 +0.040

0.016 +0.007

0
0.020 £ 0.012
0.048 +£0.015
0.020 +0.017
0
0.169 + 0.045
0.006 + 0.006
0.060 +0.017
0.007 = 0.005
0.148 + 0.048
0.066 = 0.023
0

0.095 + 0.026

0.827 +0.372
0.229 +£0.102
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Propelops n. sp. 0 0.009 + 0.009 0 0
Family Unduloribatidae

Unduloribates dianae 0.005 £ 0.005 0 0 0
Family Achipteriidae

Achipteria coleoptrata 0 0.004 + 0.004 0 0

Anachipteria sp. 0.009 + 0.009 0.004 + 0.004 0.450+0.094  0.373+0.058
Family Haplozetidae

Protoribates lophotrichus 0.339 + 0.082 0.307 £ 0.079 0.004 + 0.004 0
Family Mochlozetidae

Podoribates longipes 0 0 0.005 £ 0.005 0
Family Oribatulidae

Lucoppia nr. apletosa 0 0.013 +0.008 0 0

Phauloppia boletorum 0 0.004 + 0.004 0 0
Family Scheloribatidae

Liebstadia humerata 0.027 £ 0.012 0.025 +0.018 0 0

Scheloribates pallidulus 0.171 £ 0.042 0.093 £ 0.034 0 0
Family Ceratozetidae

Ceratozetes parvulus 0 0 0.274 £ 0.075 0.162 + 0.043

Lepidozetes singularis 0.010 = 0.007 0.026 + 0.013 0 0

Trichoribates n. sp. 0.006 + 0.006 0.031 £ 0.031 0 0
Family Punctoribatidae

Punctoribates palustris 0.407 £ 0.084 0.505 £ 0.126 0.318+0.085 0.175+0.041
Family Zetomimidae

Naiazetes n. sp. 0 0 0.020 £ 0.012 0
Family Galumnidae

Pergalumna emarginata 0.279 £ 0.073 0.358 £ 0.106 0.021 +£0.011 0.022 £ 0.011

Pilogalumna sp. 0 0.010 £ 0.007 0 0.003 £ 0.003

Immatures 58.471+£8592 43.642+4575 11.041+1.767 9.226£0.941

Adults 39.705+2.700 41.882+2918 10.786+ 1573 9.087 +1.144

* The genus Hoplophorella needs major taxonomic revision, and it is possible that more

than one species was identified as Hoplophorella thoreaui.



Appendix H Taxonomic groups included in nodes of food web models for a

Sphagnum-dominated fen and a Carex-dominated fen in Northern Ontario.
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Food web node

Taxonomic groups included

Predatory mites

Nematode-feeding mites

Spiders
Pseudoscorpions

Fungivorous prostigmatid
mites

Astigmatid mites

Edible oribatid mites

e.g., Bdellidae, Cunaxidae, Rhagidiidae, Trombidiidae, Ascidae,
Zerconidae, Laelapidae, Parholaspididae, Blattisociidae and

Ologamasidae

Zerconidae

all species

all species

e.g., Tydeidae, Heterostigmatina, Eupodidae, Tarsonemidae

all species

Palaeacarus hystricinus Tragardh, 1932
Brachychthonius bimaculatus
Brachychthonius sp.

Eobrachychthonius latior

Liochthonius brevis (Michael, 1888)
Liochthonius lapponicus (Tragardh, 1910)
Liochthonius sellnicki (Thor, 1930)
Liochthonius sp.

Poecilochthonius spiciger (Berlese, 1910)
Sellnickochthonius suecicus (Forsslund, 1942)
Sellnickochthonius zelawaiensis (Berlese, 1910)
Synchthonius crenulatus (Jacot, 1938)
Gozmanyina majestus (Marshall and Reeves, 1971)
Malaconothrus mollisetosus Hammer, 1952
Discoppia sp.

nr. Lauroppia sp.

Moritzoppia nr. clavigera (Hammer, 1952)
Oppiella nova (Oudemans, 1902)

Quadroppia gquadricarinata (Michael, 1885)
Suctobelbella (S.) arcana Moritz, 1970
Suctobelbella hurshi Jacot

Suctobelbella laxtoni Jacot, 1937
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Suctobelbella nr. longirostris (Forsslund, 1941)
Suctobelbella palustris (Forsslund, 1953)
Suctobelbella nr. sarekensis (Forsslund, 1941)
Suctobelbella sp.1

Suctobelbella sp.2

Suctobelbella sp.3

Suctobelbella sp.4

Suctobelbella sp.5

Tectocepheus velatus Tragardh, 1905

Eniochthonius mahunkai Norton and Behan-Pelletier, 2007
Eniochthonius minutissimus (Berlese, 1903)
Hypochthonius rufulus C.L. Koch, 1835
Acrotritia ardua (C.L. Koch, 1841)
Microtritia minima (Berlese, 1904)
Hoplophorella thoreaui
Phthiracarus boresetosus Jacot, 1930
Phthiracarus sp.
Camisia segnis (Hermann, 1804)
Heminothrus longisetosus Willmann, 1925
Platynothrus punctatus (L. Koch, 1879)
Tyrphonothrus foveolatus (Willmann, 1931)
Tyrphonothrus maior (Berlese, 1910)
Nanhermannia dorsalis (Banks, 1896)
Nothrus borussicus Sellnick, 1928
Non-edible oribatid mites  Nothrus monodactylus (Berlese, 1910)
Mainothrus badius (Berlese, 1905)
Trhypochthoniellus setosus canadensis Hammer, 1952
Pleodamaeus n. sp.
Cepheus n. sp.
Eupterotegaeus ornatissimus (Berlese, 1908)
Cultroribula divergens Jacot, 1939
Ceratoppia bipilis (Hermann, 1804)
Ceratoppia quadridentata arctica Hammer, 1955
Carabodes granulatus Banks, 1895
Carabodes polyporetes Reeves, 1991
Allosuctobelba sp.1
Allosuctobelba sp.2
Limnozetes guyi Behan-Pelletier, 1989
Limnozetes onondaga Behan-Pelletier, 1989
Eupelops septentrionalis (Tragardh, 1910)



Springtails

Predatory nematodes
Bacterivorous nematodes
Fungivorous nematodes

Omnivorous nematodes

Protists

Bacteria

Propelops n. sp.

Unduloribates dianae Behan-Pelletier and Walter, 2009
Achipteria coleoptrata (Linnaeus, 1758)
Anachipteria sp.

Protoribates lophotrichus (Berlese, 1904)
Podoribates longipes (Berlese, 1887)

Lucoppia nr. apletosa (Higgins and Woolley, 1975)
Oribatula tibialis (Nicolet, 1855)

Phauloppia boletorum (Ewing, 1913)

Liebstadia cf. humerata Sellnick, 1928
Scheloribates pallidulus (C.L. Koch, 1841)
Ceratozetes parvulus Sellnick, 1922

Lepidozetes singularis Berlese, 1910

Trichoribates n. sp.

Punctoribates palustris (Banks, 1895)

Naiazetes n. sp.

Pergalumna emarginata (Banks, 1895)
Pilogalumna sp.

Hypogastruridae (four spp.)
Isotomidae (six spp.)
Sminthuridae (eight spp.)
Onychiuridae (five spp.)
Entomobryidae (five spp.)
Tomoceridae (two spp.)

all species

all species

all species

all species

Ciliates (three spp.)
Rotifers (five spp.)

Testate Amoebae (14 spp.)
Anaerobic Bacteria

Gram+ Bacteria
Gram- Bacteria
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Fungi

Low quality litter

High quality litter

Actinomycete Bacteria

AM Fungi
Fungi

Low quality litter
Soil organic carbon

High quality litter
Soil organic carbon
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Appendix | Summarized biomasses of the 12 food web models.

Invertebrate Living organisms'

biomass biomass

(gC/m? (@gC/m?
SFambient 0.559 95.302
SFambient - NO Oribatid mites 0.524 95.267
SFpassive 0.234 80.959
SFpassive - NO Oribatid mites 0.210 80.935
SFactive 0.627 67.338
SFaciive - NO oribatid mites 0.591 67.302
CFambient 0.175 65.551
CFambient - NO oribatid mites 0.164 65.541
CFpassive 0.074 60.141
CFpassive - N0 oribatid mites 0.065 60.131
CFactive 0.023 54.779

CFactive - NO oribatid mites 0.018 54.775
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