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Abstract 8 

Reclamation of sites affected by oil sands mining in the Athabasca Oil Sands Region (AOSR) 9 

targets the construction of new fen watersheds, which are dominant wetland types in the region. 10 

The aquifers of slopes that supply water to the fen watershed are formed with tailings sands 11 

containing residual oil sands process-affected water (OSPW) contaminants, whose effects on peat 12 

microbial community function are poorly explored. To understand the effect of potential OSPW 13 

contamination on microbial communities typical to the range of peatlands in the AOSR, we 14 

measured microbial functional characteristics (overall substrate-induced respiration (SIR) and 15 

catabolic evenness) and tested the effect of short-term in-vitro exposure to OSPW in peat samples 16 

from three representative fen types (treed rich fen, poor fen, and hypersaline fen) within the AOSR 17 

at the start (early May) and middle (late June) of the growing season. Overall, our results suggest 18 

that short-term exposure to OSPW has negligible impact on peat aerobic microbial activity, and 19 

that time of growing season and site physicochemical characteristics are the primary control on 20 

microbial potential activity. Further studies are necessary to assess the effects of OSPW 21 

contaminants on microbial-driven processes in the medium and long terms, under anaerobic 22 

conditions, which dominate in peatlands.  23 

 Keywords: Fens, microbial potential respiration, peatland reclamation, Alberta oil sands, 24 

MicroResp™    25 
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1.0 Introduction 26 

Peatlands store about one-third of the world’s terrestrial carbon, a disproportionately large fraction 27 

compared to their land area (Tarnocai 1999; Blodau 2002; Limpens et al 2008). This carbon-28 

storage capacity is a result of the imbalance between photosynthetic carbon uptake and net losses, 29 

which principally comprises respiration by micro-organisms (Clymo 1984). Any disturbance 30 

which changes this imbalance (e.g. by inducing greater microbial respiration or by suppressing 31 

photosynthesis) could cause the disturbed peatland to change from a net sink to a source of carbon 32 

to the atmosphere (Kim et al. 2012; Yavitt et al. 1987). Therefore, understanding the controls and 33 

feedback between microbial community structure, activity, and environmental conditions in 34 

northern peatlands would be valuable. Aside from direct impacts from industrial activity, the 35 

ongoing concerns about rising concentration of atmospheric CO2 and its effect on global warming 36 

makes greater understanding of the controls on carbon release in the world's largest terrestrial 37 

carbon sinks more important than ever.  38 

Microbes are responsible for the majority of carbon and nutrient cycling in soil, and are therefore 39 

indispensable to the function of any ecosystem, including peatlands (Van Der Heijden et al 2008). 40 

Soil microbial communities can also potentially shape the plant community of their ecosystem, by 41 

mediating the cycling and availability of nutrients (Lamers et al 2012; Lin et al 2012; Myers et al 42 

2012; Bragazza et al 2015). Microbial activity and dominant microbial processes vary with 43 

ecosystem type, land use and other environmental and edaphic factors. The effect of changes in 44 

one or more of these factors on microbial community structure and function has been fairly well 45 

explored. However, how changes in microbial function feedbacks on the soil system and other 46 

ecosystem processes are less well understood, especially in peatlands (Andersen et al. 2013; 47 

Classen et al. 2015). In fact, little is known about how microbial re-mineralization activity varies 48 



 

3 

 

with peat botanical composition and properties, surface vegetation, physicochemical 49 

characteristics, and especially contamination (Bardgett et al. 2008).  50 

The Athabasca Oil Sands region (AOSR) of Alberta, Canada, is pertinent to discussions both of 51 

peatland microbial responses to changes and of peatland carbon cycling in general - the area is 52 

dominated by wetland environments (>50% of the terrestrial surface area), 95% of which are 53 

minerotrophic peatlands, or fens (Vitt et al 1996). The AOSR is also the site of extensive bitumen 54 

mining, expected to cover an area of 1400 km2 by 2023 (Alberta Government 1999). Part of the 55 

bitumen deposit is extracted from these sites via open-pit mining, which completely removes the 56 

surface vegetation and the underlying peat, and thus severely disrupts the ecosystem functions of 57 

these sites, including carbon accumulation functions (Turetsky et al 2002; Johnson and Miyanishi 58 

2008; Rooney and Bayley 2012). Previous studies have indicated that severely disrupted peatlands 59 

have limited ability to regenerate either vegetation structure or microbial community function 60 

without intervention (Andersen et al 2010; Elliott et al 2015). However, the Alberta government's 61 

land use regulations require reclamation of leased sites to a state of 'equivalent land capability' 62 

(Alberta Government 2000). Given that this should include the recovery of functional soil activity 63 

– which in peatlands includes carbon accumulation functions – one of the goals of ongoing 64 

experimental reclamation efforts is to understand the role of microbial community in the carbon 65 

cycling processes across the range of natural peatlands in the oil sands region. 66 

Re-habilitation of the vegetation community does not guarantee restoration of microbial function. 67 

Studies have shown that microbial community structure and functions lagged behind recovery of 68 

vegetation composition in restored cutover peatlands, compared to natural regional reference 69 

systems (Andersen et al., 2006). Furthermore, the disruptions to bitumen mining sites are severe 70 

enough to require site reconstruction rather than restoration efforts, and even less is known about 71 



 

4 

 

microbial activity recovery in these constructed systems - at the moment, only two constructed 72 

peatlands exist within the Athabasca Oil Sands region (Ketcheson et al 2016). Nevertheless, to be 73 

accountable for their land reclamation strategies, the energy industries will require a means of 74 

determining whether constructed peatland sites have achieved functions, including microbial 75 

activity, equivalent to their natural counterparts. There is evidence  that the source of the donor 76 

peat used in the creation of a constructed peatland system influences the trajectory of development 77 

of peatland functions (including microbial activity) in that system (Nwaishi et al 2015).  It is 78 

therefore necessary, in order to assess the development of a constructed peatland, to acquire that 79 

information from reference sites encompassing the range of peatland types that might serve as peat 80 

donors, for use as a reference baseline. 81 

The development of microbial activity in constructed peatlands may be further altered by the 82 

presence of contaminants; as such sites can contain traces of oil sands process-affected water 83 

(OSPW) from tailing materials used in constructing upland landscapes that supply water to 84 

constructed fen watersheds. OSPW contains elevated levels of both salt (especially sodium, Na+) 85 

and naphthenic acids (NAs), which have both been shown in mesocosm experiments to affect plant 86 

communities (Pouliot et al. 2012) and microbial community activity (Degens et al 2001) alike. 87 

One study observed a decrease in microbial catabolic diversity in peat samples exposed to OSPW, 88 

although there was a delay between exposure and the onset of deleterious effects (Rezanezhad et 89 

al. 2012). It is therefore possible that the microbial activities of these constructed fens, even given 90 

full recovery of the peat microbial community, would exhibit some differences relative to their 91 

undisturbed state. As contaminants would likely enter the peatland through runoff from the tailings 92 

sand-containing upland landscapes, they would enter the peat column through infiltration. 93 

Consequently, any influence the contaminants might exert would first be evident in aerobic 94 
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microbial community activity. Understanding how microbial communities in reference peatlands 95 

respond to OSPW addition will be useful to contextualize observations in constructed sites.   96 

The objectives of this study were therefore twofold – 1) to characterize the aerobic microbial 97 

functional diversity of reference fen types representative of the Athabasca oil sands region at the 98 

beginning and the middle of the growing season, and 2) to assess the impact of in-vitro addition 99 

of OSPW on these functions. We hypothesized that 1) microbial activity would vary between sites 100 

as a function of their unique vegetation and biogeochemistry, and 2) that the in-vitro addition of 101 

OSPW would generally lead to a reduction in microbial potential activity in all samples.  102 

 103 

2 Materials and methods 104 

2.1 Site descriptions 105 

Field sampling for this study was conducted in three natural peatlands located within the Athabasca 106 

Oil Sands Region. The region’s climate is characterized as a boreal continental climate, which 107 

entails long, cold winters and short summers, resulting in a mean annual temperature of 1°C and a 108 

mean annual precipitation of 418.6 mm, based on data collected from 1981-2010 (Environment 109 

Canada, 2015). These peatlands were chosen as sampling sites, as they encompassed a gradient of 110 

vegetation types and physicochemical regimes that represent the range of fen peatlands in northern 111 

Alberta. As such, they could be used as reference baselines for the state of microbial activity in 112 

pristine peatlands and to gauge possible responses of reclaimed peatlands to contaminant addition. 113 

These sites comprised : 1) A treed moderate-rich fen (TRF) located 20 km northwest of Ft. 114 

McMurray, characterized by vegetation survey as containing treed poor fen and treed rich fen 115 

ecosite phases (Beckingham et al 1996). Sampling was conducted in the latter, whose vegetation 116 
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is dominated by Larix laricina, Betula glandulosa, Equisetum fluvatile, Smilacina trifoliata, Carex 117 

prairea, Carex diandra, and Stellaria longipe. The moss layer included Tomenthypnum nitens, 118 

Campyllium stellatum and Hylocomnium splendens ; 2) a hypersaline fen (Saline), located 10 km 119 

south of Ft. McMurray, characterized as containing shrubby rich fen and graminoid rich fen ecosite 120 

phases. Sampling was conducted in the marsh grass fen community phase, where the peat and 121 

groundwater contain very high concentrations of NaCl, and whose vegetation is dominated by 122 

Calamagrostis inexpansa, Carex tenax, and Hordeum jubatum. The sparse moss layer included 123 

Campyllium stellatum; 3) a poor fen (PF) located 40 km south of Ft. McMurray, characterized as 124 

containing treed poor fen and shrubby poor fen ecosite phases. Sampling was conducted in the 125 

latter, where vegetation is dominated by Picea mariana, Carex aquatilis, and Chamaedaphne 126 

calyculata. The moss layer was dominated by Sphagnum angustifolium and Sphagnum 127 

magellanicum. 128 

2.2 Sampling 129 

Five replicated composite samples were extracted by hand at each site (PF, Saline, TRF). For each 130 

composite sample, five 5 cm2 x 15 cm deep cores were taken around pre-existing randomly 131 

distributed collars, used for measuring greenhouse gases in a different study. The five cores thus 132 

sampled were homogenized in the field to make a single composite sample, then sealed in a Ziploc 133 

bag and stored at 4°C for transport from field to the laboratory. Replicate sampling locations were 134 

more than 100 m away from each other and can therefore be considered independent. Two sets of 135 

samples were taken for the study: one at the start of the growing season (early May 2014) and one 136 

in the middle of the growing season (late June 2014). 137 
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2.3 Measurement of substrate-induced respiration with MicroRespTM 138 

To evaluate catabolic activity, the MicroResp™ method described in Campbell et al (2003) 139 

adapted for peat as per Artz et al (2006) was used, with changes noted below. Briefly, in the 140 

MicroResp method, a 96-well deep well (2 mL volume per well) microplate is prepared with 0.3g 141 

of peat individually weighed into each well, to which a solution containing a single carbon source 142 

is added. Aerobic respiration is measured spectrophotometrically using a detection plate capturing 143 

the CO2 emitted by the incubation plate. The detection plate wells contain a pH indicator (cresol 144 

red) in agar gel, which changes colour in response to dissolution of CO2 into the gel and its 145 

subsequent conversion to carbonic acid. Absorbance of the detection microplate is measured at 146 

570 nm (A570), before and after the 6-hour incubation period of the assay, and the change in 147 

absorption used to calculate CO2 production. Briefly, the A570 values are normalised by dividing 148 

the A570 data by the A570 data at time 0 and multiplying by the mean of the A570 reading at time 149 

0, before being converted into %CO2 using calibration curves. The CO2 rate is then calculated by 150 

converting the % CO2 to µg/g/h CO2-C using gas constants and constants for headspace volume 151 

(vol) in the well (µl), fresh weight of soil per well (g), incubation time (h) and soil sample % dry 152 

weight (Campbell et al. 2003).   153 

The carbon sources used in this experiment fell into three functional groups: amino acids 154 

(comprising l-alanine, arginine, l-cysteine-HCl, and l-lysine), carboxylic acids (comprising α-155 

ketoglutaric acid, citric acid, γ-aminobutyric acid, L-malic acid, and oxalic acid,) and saccharides 156 

(comprising l-arabinose, d-fructose, d-glucose, N-acetylglucosamine, and trehalose). All these 157 

carbon sources were made in solution in two variants – one using Milli-Q water as a solvent, one 158 

using OSPW as a solvent.  159 
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Each deepwell plate contained peat from a single composite sampling point, and each well received 160 

a single carbon source in 25 µL of solvent. Within each deepwell plate each carbon source - 161 

treatment combination was applied in triplicate (e.g. three wells per deepwell plate received it). 162 

All carbon source solutions were made to 300 mg/mL of the respective carbon source, or to 163 

saturation, for those carbon sources whose maximum solubility was below 300 mg/mL.   164 

The OSPW used was taken from a tailings pond on the Suncor lease, near Fort McMurray, Alberta, 165 

and had Na+ concentration of 1331 mg L-1. Due to technical difficulties, the concentration of 166 

naphthenic acids in the OSPW solution was not measured (Rubi Simhayov, personal 167 

communication). However, a previous studies analyzing the composition of undiluted OSPW from 168 

a pond on the Syncrude lease near Fort McMurray found it to have an electrical conductivity of 169 

2370 µS cm-1 and a naphthenic acids concentration of 22.7 mg L-1 (Kavanagh et al 2009). Another 170 

analysis of OSPW content from mining operations north of Fort McMurray found the naphthenic 171 

acid concentration of OSPW samples taken within a single date to vary between 24.4 and 35.3 mg 172 

L-1 (Frank et al 2016). OSPW also contains other contaminants, including assorted dissolved 173 

carbon compounds (NAs included) of 50 – 100 mg L-1, and other inorganic contaminants including 174 

sulfate (200 – 300 mg L-1) and ammonia (14 mg L-1). Finally, OSPW is known to be basic (pH 8.0 175 

– 8.4) and alkaline (800 – 1000 mg L-1 HCO3
-) (Allen 2008).   176 

2.4 Statistical methods  177 

All data were subjected to a normality test before use in statistical analysis; where data were found 178 

to be non-normal they were transformed as appropriate to improve homoscedasticity. All statistical 179 

analyses were performed in R (R Development Core Team, 2013) with packages and functions 180 

used as noted below. 181 
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Site microbial potential activity was quantified as average well colour development (AWCD), or 182 

the mean substrate-induced respiration (SIR) response across all substrates in a site. Catabolic 183 

evenness, or the uniformity of substrate use, was quantified by the inverse Simpson-Yule Diversity 184 

Index. Both microbial potential activity and catabolic evenness were compared between treatments 185 

on each reference fen at each sampling date using a nested analysis of variance (ANOVA) using 186 

the function ‘aov’ in the R core package. Significant differences in the overall carbon utilization 187 

profiles of these sites within a given sampling date and contaminant treatment were tested using 188 

non-parametric permutational analysis of variance (PERMANOVA) under the function ‘adonis’ 189 

in the package ‘vegan’ (Oksanen et al 2015). Differences in substrate-specific SIR response 190 

between sites were analyzed by nested MANOVA, using the function ‘manova’ in the package 191 

‘stats,’ and post-hoc difference tests. Significant differences between sites across sampling dates 192 

were determined using ANOVA and post-hoc difference tests using the functions ‘TukeyHSD’ in 193 

the ‘stats’ core package and ‘multcompLetters4’ in the package ‘multcompView’ (Graves et al 194 

2015).  195 

 196 

3 Results 197 

3.1 Variability in site overall respiration response 198 

Sampling date significantly affected both microbial potential activity and catabolic evenness, as 199 

did site within a sampling date (Table 2). The effects of these factors on overall carbon utilization 200 

patterns (as determined by permutational multivariate ANOVA) were very similar to the responses 201 

of AWCD: sampling date and peatland type within sampling date had a significant effect on pattern 202 

of carbon utilization, while treatment (OSPW or control) within peatland type within sampling 203 

date did not (Table 2). 204 
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The microbial potential activity (Figure 1a) of the PF and Saline microbial communities did not 205 

differ significantly from one another, and the microbial potential activity of both communities was 206 

significantly greater than that of the TRF site. Additionally, the microbial potential activity of the 207 

PF and Saline sites decreased significantly (pPF<1.0 x10-7, pSaline<1.0 x10-7) between the start of 208 

season and midseason sampling dates, while no such difference was observed at the TRF site (pTRF 209 

= 0.943). 210 

In contrast, the catabolic evenness (Figure 1b) of all three field sites was similar at the start of the 211 

growing season (pTRF-PF= 0.165, pTRF-Saline= 0.997, pPF-Saline=0.386), but was greater in the TRF and 212 

Saline sites than in the the PF site at midseason, while not significantly differing between TRF and 213 

PF. (pTRF-PF < 8.0 x 10-7, pTRF-Saline= 0.726, pPF-Saline=0.0004). Differences in catabolic evenness 214 

were not consistent between dates: the catabolic evenness decreased significantly over time in PF, 215 

increased significantly in Saline, and did not vary significantly between start of season and 216 

midseason in TRF. 217 

Substrate-specific SIR (Figure 2) was significantly greater at the start of season in Saline than in 218 

PF for four substrates - alanine (p = 0.0071), d-fructose (p < 1.0 x 10-7), d-glucose (p = 1.0 x 10-219 

6), n-acetylglucosamine (p = 0.0014), and trehalose (p = 2.4 x 10-6). In both PF and Saline, SIR 220 

was significantly higher at start of season than at midseason for all carbon sources. In contrast, 221 

SIR in TRF samples did not differ significantly between sampling dates in response to any carbon 222 

source except for oxalic acid (p = 0.015), which caused higher SIR at the start of the growing 223 

season. Start of growing season SIR was significantly lower in TRF samples than in PF and Saline 224 

samples for all carbon sources except for oxalic acid, where SIR did not significantly differ 225 

between  (pTRF-PF = 0.993, pTRF-Saline = 0.999). In contrast, midseason SIR generally did not differ 226 

significantly between sites for C sources. Notable exceptions were citric acid, where it was 227 
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significantly higher in TRF than Saline samples (pTRF-Saline = 0.0044), and α-ketoglutaric acid (pTRF-228 

PF = 0.030, pTRF-Saline = 0.0041) and oxalic acid (pTRF-PF = 0.0037, pTRF-Saline = 7.1 x 10-5), for which 229 

SIR was significantly higher in TRF than in PF or Saline samples. 230 

3.2 Effect of OSPW contamination on microbial community function 231 

Contrary to our hypothesis, the addition of OSPW did not significantly influence either the 232 

community microbial potential activity (AWCD) (F=0.67, p=0.68) or community catabolic 233 

evenness (F=0.27, p=0.95). Exposure to OSPW caused marginally significantly different SIR 234 

responses across sites and dates for four substrates: D-glucose (F=3.46, p=0.003), arabinose 235 

(F=2.25, p=0.040), D-fructose (F=2.30, p=0.037), and N-acetylglucosamine (F=2.3226, p=0.03), 236 

but these changes were not significant within a given site and sampling date (Figure 3).   237 

 238 

4 Discussion 239 

4.1 Microbial community functional diversity of reference fens 240 

SIR responses to individual substrates generally followed the pattern set by overall site microbial 241 

potential activity, i.e. Saline and PF were not significantly different from one another, but were 242 

much higher than TRF, at start-of-season, while all three were roughly equal at midseason. 243 

However, the addition of three carbon sources (citric acid, α-ketoglutaric acid, and oxalic acid) led 244 

to significant increases in TRF SIR response for at least one sampling date. If this increase in SIR 245 

were a result of increased consumption due to influx of labile carbon in a carbon-limited system, 246 

the other substrates used should have provoked a similar response, which was not the case. If the 247 

increased SIR were due to a community preference for carboxylic acids, all the carboxylic acids 248 

used would have provoked such a reaction, which was likewise not the case. The increased 249 
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respiration observed is thus likely not principally due to respiration of of oxalic, citric, or α-250 

ketoglutaric acids themselves. It seems more likely that some property common to the specific 251 

carboxylic acids in question allowed for greater respiration of labile carbon already present in the 252 

peat sample.  253 

Both oxalic acid and citric acid are among the low molecular mass organic acids (LMMOA)  which 254 

are thought to play a role in mobilization of soil micronutrients, nitrogen, and phosphorus 255 

(Clarholm et al. 2015; Dotaniya et al. 2014; Taghipour and Jalali 2013; Wei et al. 2010). Different 256 

LMMOA are most effective at mobilizing these nutrients in different environments, with citric 257 

acid being more effective in low-pH forest soils (Clarholm et al. 2015; Wei et al. 2010), while 258 

oxalic acid is more effective in higher-pH soils (Clarholm et al. 2015; Dotaniya et al. 2014; 259 

Seshadri et al. 2014; Taghipour and Jalali 2013). As OSPW contains ammonia (Allen 2008) but 260 

OSPW treatment had no significant effect on TRF SIR, nitrogen is unlikely to be the limiting 261 

nutrient in question. This suggests that phosphorus limitation or the limitation of some other 262 

organic acid-mobilizable nutrient may be responsible for the low start-of-season TRF microbial 263 

community activity. As none of the carboxylic acids used provoked a similar SIR spike in Saline 264 

and PF samples, these sites were likely not subject to either the same nutrient limitation.  265 

A response shared across all sampling dates and sites was the low – occasionally negative – SIR 266 

response to arginine. Arginine catabolism by soil microbes is known to produce ammonium as a 267 

byproduct (Abdelal 1979), which, as a weak base, would likely dissolve and dissociate alongside 268 

any CO2 produced, negating some of the colour change used in the assay and causing the observed 269 

unusually-low SIR values.  270 

4.2 Impact of OSPW contamination on aerobic microbial community function 271 
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Contrary to the hypothesis, contamination with OSPW did not significantly decrease the overall 272 

microbial potential activity or catabolic evenness of any of the three reference sites. One possible 273 

explanation for this arises from the chemical properties of the peat soil. Peat contains abundant 274 

carboxyl, phenol, and alcohol functional groups because of the high carbon content of the soil and 275 

very slow decomposition of organic matter in the anaerobic part of the peat column. These 276 

functional groups have been shown to form chelation complexes that immobilize and limit the 277 

bioavailability of heavy metal ions (Clemente and Bernal 2006; Kumpiene et al. 2007; Lee et al. 278 

2013). Studies of the movement of OSPW and NaCl through peat have shown that the amount of 279 

NaCl and NAs in OSPW adsorbed onto the peat in a contaminant uptake experiment was an order 280 

of magnitude higher than the amounts in the liquid phase once the OSPW had traveled through a 281 

40 cm peat column (Rezanezhad et al. 2012). It is thus possible that some attenuation of potential 282 

toxic effects of the contaminants occurred through sorption of the contaminants to the peat 283 

substrate itself. Furthermore, this experiment only measured substrate-induced respiration, which 284 

is necessarily a short-term response – the duration of the assay is only 6 hours. Thus, any long-285 

term toxic effects of OSPW would not have been detectable in the time frame of the experiment. 286 

Such effects could be better detected by amending peat samples with OSPW and pre-incubating 287 

for some days or weeks prior to the MicroResp assay.  288 

Additionally, as this experiment gave very little insight into the link between microbial community 289 

structure and functional potential, integration of 16s rRNA sequencing experiments before and 290 

after exposure to OSPW would allow greater understanding of the role of microbial community 291 

structure in resistance to OSPW toxicity (Baldwin et al 2006; Sun et al 2014; Chambers et al 2016). 292 

4.3 Seasonal change in carbon utilisation patterns 293 
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Almost all midseason PF and Saline samples displayed lower microbial potential activity than 294 

start-of-season samples. This was likely not due to peat temperature; while there is conflicting 295 

evidence as to the effect of temperature on soil respiration, with some studies showing that 296 

increased temperature can either increase (Bonnett et al 2006; Kurbatova et al 2013; Wang et al 297 

2015), decrease (Bradford et al 2008), or not impact (Giardina and Ryan 2000; Luo et al 2001; 298 

Kirschbaum 2013) soil microbial respiration, the direct influence of temperature on soil respiration 299 

was minimized in our experiments, as all incubations were conducted at 24 - 25 °C in the lab rather 300 

than at field soil temperature. Any effect that temperature would have on these results would be 301 

indirect ones, e.g. via increased substrate availability (Eliasson et al 2005; Hartley et al 2007) 302 

associated with the deposition of fresh plant litter over the growing season. The observed decrease 303 

in microbial potential activity in the face of greater substrate availability (both through changes in 304 

peat chemical conditions and through the application of substrate as part of the SIR assay) suggests 305 

two possible explanations. First, that carbon is not the limiting resource at any of the sites at 306 

midseason, or second, that the midseason communities genuinely have diminished microbial 307 

activity potential, even without nutrient stress. Our results provide some evidence for the first 308 

explanation – start-of-season TRF respiration was more likely limited by nutrient availability 309 

rather than carbon availability, as discussed earlier in the section regarding LMMOA. Furthermore, 310 

of the three LMMOA that appeared to provoke greater TRF respiration than other substrates, the 311 

midseason SIR response to two of them (α-ketoglutaric acid and citric acid) was not significantly 312 

less at than at start of season and significantly greater than at least one of the other two sites. For 313 

the other, oxalic acid, while midseason TRF SIR was less than at start of season, it was still 314 

significantly greater than at the other two sites. In the case of the other two sites the issue of 315 

resource limitation is somewhat more unclear – the lack of response to amino acids suggests that 316 
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nitrogen is not limiting, and the lack of response to LMMOA suggests that phosphorus is likewise 317 

not the limiting resource.  318 

There is less direct evidence for the second explanation. However, decreases in microbial biomass 319 

over the course of the growing season have been observed (Weedon et al 2012; Weedon et al 2013; 320 

Wang et al 2015) and decreased microbial biomass would likely lead to similarly diminished 321 

carbon cycling potential. This explanation could be tested by a repetition of this experiment 322 

coupled with measurement of microbial biomass of each peat sample, and could be lengthened to 323 

include a full year rather than only the growing season. 324 

 325 

5. Conclusions and Implications for Fen Reclamation projects in the AOSR 326 

Both microbial functional diversity and aerobic microbial carbon cycling potential varied 327 

significantly between reference sites, though the respiratory potential profiles of the Saline and PF 328 

sites were largely similar. With respect to microbial functional diversity, the TRF site microbial 329 

community evidenced a strong respiratory response to certain low molecular weight organic acids. 330 

The strong preference for specific LMMOA indicates a potential organic-acid-mobilizable nutrient 331 

limitation at the TRF site.  332 

Contrary to expectation, addition of OSPW did not significantly reduce overall site carbon cycling 333 

potential activity or catabolic evenness in any samples. Thus, the aerobic microbial potential 334 

activity of communities from a range of different peatlands appears to be unaffected by OSPW in 335 

the very short term. However, it is not certain that OSPW will have no effect on aerobic microbial 336 

activity overall, as the duration of the assay period in this study was only six hours, which was 337 

likely insufficient time for deleterious effects to make themselves known, given the ability of peat 338 

to chemically retard the movement of metal ions and organic contaminants. Future studies on the 339 
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matter should include longer-term incubations to determine the detrimental effects of OSPW on 340 

microbial community function over timescales that better approximate the duration of contaminant 341 

exposure in reclaimed peatlands. 342 

Our findings regarding patterns of microbial community activity response can be of immediate 343 

value in already-constructed reclamation sites as a ‘baseline’ against which the microbial 344 

community function of a developing constructed site can be compared. However, given the evident 345 

seasonality of carbon utilization patterns, if such a method was used for evaluating constructed 346 

against reference sites, all sites should be sampled at the same time for a valid comparison. 347 

Alongside monitoring of the edaphic and vegetation-related variables, this may allow managers of 348 

such sites to make informed predictions about the site’s eventual successional trajectory.  349 
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bars. Groups that share a letter are not significantly different 363 
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carbon source that share a letter are not significantly different, as determined by Tukey post-hoc 366 
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Samples within a carbon source that share a letter are not significantly different, as determined by 371 

Tukey post-hoc test 372 
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