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Figure 5.5 Reference ecosystem values per vegetation stratum compared to vegetation data from 
the manually-harvested diaspores experiment. T= tree, S = shrubs, H = herbs, Sph = sphagnum M = 
other moss; clay = clay loam d. clay loam = decompacted clay loam, sawdust-clay mix = combination 
of sawdust and clay loam, d. sawdust–clay mix = decompacted combination of sawdust and clay 
loam, peat = natural bog peat). 
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Vegetation Composition 

Bryophytes response 
The moss layer was dominated by peatland species (Fig. 5.6). They represented a 

proportion of at least 50 % of the total moss cover on every treatment and up to 95 

% for some treatments. Wetland specialists were the second most represented 

group, with a maximum fraction of 32 %. The other groups represented a very 

small portion of the total moss cover. 

 

Four main bryophyte species were found with distinctively higher ground cover:  

Tomenthypnum nitens, Aulocomnium palustre and the Drepanocladus group 

(sensu lato). Sphagnum species was included as a comparison, since it was 

dominant in the reference ecosystem. They all had significantly higher cover values 

when coming from the shrubby fen then when coming from the treed rich fen (Fig. 

5.7; Appendix 4 p for all < 0.01). Aulocomnium palustre and Sphagnum species 

were the only bryophytes to be significantly influenced by the type of substrate. A. 

palustre was significantly more successful on peat; Sphagnum species on peat and 

on the mix of sawdust and clay treatment (Appendix 4).  

 

Sphagnum species had relatively low cover values, between 0 and 6.5 %. In the 

natural peatlands, Sphagnum occupied 46 % of the treed rich fens and 19 % of the 

shrubby rich fens. Species from Drepanocladus group (sensu lato) displayed the 

highest ground cover values reaching a maximum of 35 %, but here again in the 

natural peatlands surveyed, the percent cover for Drepanocladus species was 

below 2 %. For most treatments, T. nitens and A. palustre had cover values similar 

to what was found in the reference ecosystem (Appendix 3).  

 

No bryophyte grew on control plots, where no propagule was reintroduced. The 

entire list of bryophytes can be found in Appendix 3. 
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Figure 5.6 Establishment of bryophytes and vascular plants as per the preferential habitat after one 
growing season in manually-harvested diaspores experiment. 

 

Vascular plants response 
Wetland specialists (Carex aquatilis and Carex canescens) and wetland non-

specialists (Agrostis scabra, Juncus bufonius and Equisetum arvense) dominated 

the vascular plant layer. Together they constituated more than 75 % of all 

treatments (Fig. 5.6), but they were not found in the natural fens surveyed. 
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Peatland specialists (mainly Oxycoccus microcarpus and Potentilla palustris) had a 

disctinct preference for peat (Fig. 5.6) but were present in small proportion (< 

1.5%). 

 Ruderal species were found across all treatements and represented less than 2 % 

of all vascular plants. The main ruderal species were T. officiale, T. hybridum, S. 

arvensis and Hordeum jubatum.  

 

  

  

Figure 5.7 Establishment of four bryophytes from two types of donor site community 
reintroduced on five substrate treatments after one growing season (mean ± SE). Treatments 
with the same letter are not significantly different as revealed by LSD (a = 0.05). 
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Abiotic Factors 

The experiment was installed in September of 2010, which was overall a very dry 

year (total precipitation: 215 mm), considerably below normal (annual mean: 402 

mm; Table 4.1). The second growing season (2011) received substantially more 

precipitation, particularly during the summer: normal were exceeded by over 130 

mm. 

The water table fluctuated between 15 cm above ground and 15 cm below ground 

level (Fig 5.8), with a seasonal average of 1.6 ± 3.8 cm (mean ± sd, n = 80). Blocks 

3 and 4 were submersed for most of the 2011 growing season while block 2 

remained water free. Block 1 went through several wetting and rewetting cycles. 

The experimental sites were wetter than the natural peatlands where the diaspores 

were harvested. 

 

Figure 5.8 Water table fluctuations of four experimental blocks and two donor 
sites during the 2011 growing season. Values are averages (n = 2). 
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The experimental substrates varied significantly in concentration of Ca, Mg and 

Cl- and in eC  values (Table 5.3). Peat displayed the highest values of Ca, Mg, Na 

and Cl. S04 was comparably found in most substrates. The soil eC was significantly 

higher for the two treatments with strictly clay loam (clay loam and d. clay loam). 

Soil pH was comparable between treatments.  

Water pH had a seasonal average of 6.88 ± 0. 21 (mean ± sd, n = 80). 

 

Table 5.3 Soil chemistry of experimental substrates used in manually-harvested experiment. n = 
5, mean (SE). Bold values indicate significant difference at p < 0.05.  
 pH 

 

eC 

 

 

Ca2+ 

 

  

 

Mg2+ 

 

  

 

Na+ 

  

 

Cl- 

  

 

S042- 

  

 

  [µS cm-1] 

 

[mg kg-1] 

 

[mg kg-1] 

 

[mg kg-1] 

 

[mg kg-1] 

 

[mg kg-1] 

 
Clay loam 6.69 

(0.24) 
1571.8 
(223.2) 

3450  
(200) 

580 
(120) 

45.5 
(23.4) 

35.4 
(7.6) 

1170 
(420) 

D.clay loam 6.53 
(0.21) 

1655.8 
(245.9) 

3400 
(270) 

560 
(160) 

49.4 
(29.4) 

35.1 
(14.8) 

1510 
(520) 

Sawdust 
clay mix 

6.96 
(0.18) 

951.3 
(317.0) 

3200 
(180) 

660 
(150) 

72.4 
(48.3) 

43.7 
(7.95) 

730 
(460) 

D. sawdust-
clay mix 

6.80 
(0.22) 

1181.0 
(145.1) 

3330 
(160) 

550 
(80) 

46.9 
(24.9) 

43.2 
(7.5) 

630 
(320) 

Peat 6.87 
(0.20) 

1167.1 
(228.2) 

10660 
(2840) 

1660 
(560) 

183.3 
(127.9) 

88.7 
(22.2) 

1560 
(680) 
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6.Discussion 

6.1 Substrate Modifications  

Bryophytes Response 

The two restoration experiments carried out on decommissioned well pads allow us 

to conclude that using a moss layer transfer technique (Rochefort & Lode 2006) 

does favour the establishment of peatland plant-dominated communities on most 

substrates tested, even on mineral based ones. There was a clear difference in 

how bryophytes and vascular plants responded to the treatments tested so each 

group is discussed separately.  

Fen bryophytes established particularly well in the manually-harvested diaspores 

experiment. The average cover value, all treatments considered, was 44 % after 

one growing season. This result is relatively high compare to similar studies which 

barely reached 20 % in moss cover after 2 growing seasons and confirms the 

efficient moss layer transfer technique (the transfer of surface soil along with the 

accompanying living plants) to reestablish a moss carpet (Rochefort & Isselin-

Nondedeu 2013, Chirino et al. 2006).   

Contrary to our initial hypothesis, decompaction or mixing in organic based 

sawdust with mineral soil did not improve bryophyte establishment. In both field 

experiments (mechanically-harvested diaspores and manually-harvested 

diaspores), the bryophyte cover was not influenced by the type of substrate, except 

for the treed rich fen community (Fig. 5.4), where peat clearly facilitated moss 

establishment. Peat amendment enhanced bryophyte species establishment on 

mineral soil in similar studies (Hugron et al. 2013). In the light of our results, it is 

clear that a peat amendment would favour a broader range of bryophyte 
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communities. As mentioned by Bates (2009), substrate chemistry is amongst the 

most important factors for moss colonization. The chemistry of the peat substrate 

was surprising because of its high concentration in Ca, Mg and Na compared to 

the other substrates. The peat used in the experiment was harvested in a bog and 

had originally low concentrations of base cations. Sphagnum plants have a high 

cation exchange capacity (CEC) because of the uranic acids present in the cellular 

membrane (Clymo 1963). Hydrogen cations from the carbonyl group are released 

in the environment in exchange of other cations, often Na, Ca or Mg. This could 

explain the values observed on peat substrate were so high in base cations 

compared to the other substrates. Hence, peat is an interesting substrate to use in 

fen restoration because of its capacity to retain cations found in the environment, 

thus creating richer conditions for fen plants to establish. 

In a restoration context, Sphagnum species and certain brown mosses have been 

observed to regenerate better when the water table was close to the surface, no 

further than -24 cm (Busby & Whitfield 1977, Price & Whitehead 2001, Mälson & 

Rydin 2007, Graf & Rochefort 2008a). In the present study, we can assume that 

the hydrological conditions were adequate for bryophytes establishment; summer 

average of -7.0 cm for the mechanically-harvested diaspores experiment and 1.6 

cm for the manually-harvested diaspores experiment. It would be interesting to 

monitor the evolution of the established communities to verify if the environmental 

conditions created in the experimental settings would allow them to be sustainable. 

In the mechanically-harvested diaspores experiment, the treatments with only 

sawdust completely inhibited bryophytes growth, probably because it was applied 

in a layer too thick (10 cm) and that sawdust, contrarily to peat, does not have a 

good water holding capacity. Hence, even with water levels relatively high, specific 

substrate characteristics are determinant for bryophyte establishment.  
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Vascular Plants Response 

The vascular plants had a clear preference for the peat amendment, which also 

support the first hypothesis that peatland plants regenerate better with substrate 

modifications.  Most communities tested showed a tendency to do better on peat 

than on the other treatments (Fig. 5.1 and Fig 5.4). This result differs from a similar 

study on peatland initiation where peat substrate has been observed to make no 

difference in plant establishment (Vitt et al. 2011). With the moss layer transfer 

technique, vascular plants regenerate mainly from the seeds contained in the 

donor site material than from fragmented rhizomes. In the peatland initiation project 

(Vitt et al. 2011), plants were introduced as natural transplants or greenhouse 

seedlings. This leads us to believe that peat offers a better ground for seed 

germination, but that some targeted mature individuals can survive indifferently on 

peat or on mineral soil.  

The use of sawdust applied on the surface or mixed with 2 cm of surface clay 

reduced the vascular plants establishment in the manually-harvested diaspores 

experiment and inhibited all growth in the mechanically-harvested diaspores 

experiment. One of the reasons for this is probably the thickness of the 

amendment, which created conditions too dry for peatland plants to establish. In 

the mechanically-harvested diaspores experiment, the sawdust was applied in a 10 

cm layer, which inhibited plant growth completely.  In the second experiment, the 

sawdust was applied in a 2-3 cm layer, which did allow some plant growth but 

reduced the cover values compare to the other substrates. Sawdust is known to 

reduce the nitrogen availability for plants, which could explain the reduced success 

of vascular plants on treatment with 2 cm of sawdust.  
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6.2 Choosing a Donor Site  

In both field experiments, the choice of plant communities for source of propagules 

was a determining factor for the successful establishment of peatland plants. 

Those results allow us to support the second hypothesis of this study stating that 

the type of donor site is determining for the establishment of peatland plants. The 

water and soil chemistry analysis could explain part of this variation. Andersen et 

al. (2011) have concluded that water pH, amongst others, is a good indicator for 

the evaluation of restoration success. In our case, the soil pH on all blocks (6.8) 

was more similar to the pH of the shrubby rich fen (6.9) than the pH of the treed 

rich fen (5.7). The same pattern was observed for the depth to the water table 

(DWT): the average DWT on all experimental blocks (1.6 cm) was more similar to 

the DWT of the shrubby rich fen (-7.0 cm) than the DWT of the treed rich fen (-22.0 

cm).  

Our hypothesis also stated that minerotrophic communities would have more 

success than bog communities, which is supported by both plant groups response 

in the mechanically-harvested diaspores experiment. All substrates considered, the 

vascular plants from the willow-sedge and the bog-aspen forest ecotone had 

considerably higher cover values after two growing seasons (50 % and 46 %) than 

the vascular from the bog (10 %). The same trend is observed for the bryophytes: 

the willow-sedge and the bog-aspen forest ecotone had considerably higher 

ground cover values after two growing seasons (16 % and 10 %) than the vascular 

from the bog (3 %). Our finding is that restoring minerotrophic communities seems 

to be more successful when the substrate to be restored presents minerotrophic 

conditions. This practice has been suggested by Wind-Mulder et al. (1996) and 

Wind-Mulder & Vitt (2000). The present study is in accordance with those 

recommendations. 
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6.3 Vegetation Composition 

Bryophytes Response 

The dominance of T. nitens, A. palustre and Drepanocladus spp. in the manually-

harvested experiment was surprisingly high after one growing season, with values 

comparable to those from the reference ecosystems, and even higher for 

Drepanocladus. These three species are indicators of dryer fens or continental 

fens (Gignal et al. 1991), which is interesting since we did observed water levels 

close to the surface and periods of submersion in many units. The superficial clay 

layer left on site after partial pad removal operations (Fig 4.1) could explain these 

results. It is possible that even with a relatively high water table, the vertical water 

movements were reduced due to the poor hydraulic conductivity of clay. 

Nevertheless, these results suggest that brown mosses, notably T. nitens, are 

promising species for fen restoration, which was also observed in Pouliot et al. 

2013). 

Sphagnum cover was unexpectedly low in both field experiments (≤ 2 %). 

Campeau et al. (2004) found a Sphagnum cover considerably higher (15-20 %) in 

a similar study. Sphagnum mosses are limited in their distribution by many 

environmental factors: concentration of base cations, pH values and eC amongst 

others. The majority of Sphagnum species do not generally occur above pH 6, 

(Gignac et al. 1991) and high values of cations (Ca = 19-22 mg/l for example) 

usually indicate rich fens conditions where Tomenthypnum nitens and Campylium 

stellatum are found (Gignac et al. 1991; Vitt & Chee 1989). Sphagnum species are 

also extremely sensitive to salt, even in small concentrations (Wilcox 1984). The 

eC values of all experimental substrates were much higher than what is found in 

rich fens (Vitt & Chee 1989), and could have impeded Sphagnum establishment. 

Richer substrates conditions with elevated values of eC, pH and higher 
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concentration of cations can reduce significantly Sphagnum establishment when 

reintroduced with other species as part of the donor site material.  

The presence of a pioneer species such as Leptobryum pyriforme in the 

mechanically-harvested experiment was not unexpected; it does colonize disturbed 

soil (Mills & Macdonald 2005, Grime et al. 1990) in the area and is often well 

established on forest soils (Caners et al. 2009). Colonization of pioneer mosses 

could be beneficial to the establishment of Sphagnum species. Polytrichum 

strictum, a pioneer species, is believed to act as a nursing plant in facilitating the 

establishment of peatland mosses (Groeneveld & Rochefort 2005, Benscoter 

2006). A recent study has however suggested that if the initial coverage of P. 

strictum species is too important (> 30 %), it can negatively affect the succession 

toward a Sphagnum-dominated moss carpet and be detrimental to a restoration 

project (González et al. 2013).  

Vascular Plants Response 

Most units were dominated by Agrostis scabra and Carex species, mainly Carex 

aquatilis and Carex canescens. Carex aquatilis has been observed to be quite 

successful in recolonizing recontoured well sites after mature plants transfer (Vitt et 

al. 2011). C. aquatilis occupies a wide range of ecological niches, with important 

variations of abiotic factors (Gignac et al. 2004). In northern Alberta, it was found in 

wetlands containing between 1 % and 100 % of organic matter, with wide range of 

pH (3.1-9.2), conductivity (36-8820 μ S/cm) and a depth to water table (-80 to -30 

cm; Koropchak et al. 2012). The example of Carex aquatilis leads us to believe 

that, with the MLLT, species with wide ecological niches might establish better than 

other species presents in the propagules mix.  

The most successful vascular plant group to establish on the experimental 

substrates was the wetland specialists. Wetland specialists are strictly found in 
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wetlands but are also found in peatlands. Most of the wetland specialists found on 

the experimental sites are also found in peatlands: Carex aquatilis and Carex 

canescens. The proportion in which they are present in the restored species pool is 

an important consideration. Carex species were not found dominant in the donor 

sites or in undisturbed peatlands of the area, which means that important shifts in 

the dominance can occur in similar species pool after reintroduction of propagules.  

Another example related to the dominance of a wetland specialist species is 

described by Poulin et al. (2012): Typha latifolia, a wetland specialist, is typically 

not found in bogs but has been a concern because of its successful colonization in 

a bog restoration project. The presence of wetland specialists is overall a good 

sign that the conditions created are suitable for those plants, of which many are 

also common in peatlands. 

Peatland specialists were nearly absent in this restoration study. This is an 

expected result, since the restoration sites are still greatly disturbed and 

ecologically far from natural peatlands. The environmental conditions created by 

importing mineral substrate on exploitation pads are not favourable to the 

establishment of peatland plants and the natural chemistry found in natural 

peatland is greatly disturbed. In the light of our results, the use of a peat 

amendment could be a successful way to restore environmental conditions and 

peatland plant communities that will evolve toward a functioning peat-accumulating 

ecosystem.  

Weed 
The presence of ruderal species was limited on most experimental units. The 

species categorized as ruderal were abundantly found on the unshaved sections of 

the pad and heavily colonized the margin of the experimental blocks. The fact that 

we found 6 % and less of ruderal species in both experiments all treatments 

considered could reflect that the hydric conditions created in the experimental 
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blocks were limiting to the colonization of species such as Cirsium arvense, 

Sonchus arvensis, Melilotus spp. and Taraxecum officinalis. It is plausible that 

wetland and peatland species transferred with the MLTT occupied the ground 

relatively quickly and that impeded the arrival of ruderal species by competition. As 

an observation, the most water tolerant invasive species seemed to be Trifolium 

hybridum. 

Weedy species are a major concern in the province of Alberta. The Weed Control 

Act (Gov. of Alberta 2008) describes the requirements for handling weedy species 

considered noxious. Restoration practices need to be compliant with those 

requirements. Developing techniques that do not facilitate the colonization of 

noxious species is essential. The fact that very little noxious plants colonized the 

experimental blocks (only one species: Cirsium arvense < 1% in mechanically-

harvested diaspores experiment only) is showing that levelling the pad along with 

the MLTT has the potential to restore peatland species, while limiting the ones 

considered noxious. 

6.4 Mechanically-harvested Diaspores Versus Manually-harvested 

Diaspores 

The mechanically-harvested diaspores approach seemed to favour the 

establishment of vascular plants. The mean cover values in the mechanically-

harvested diaspores experiment was on average 35 % while the mean cover 

values in the manually-harvested diaspores experiment was on average 6 %. The 

peat used as experimental substrate in the mechanically-harvested diaspores 

experiment could explain the vascular plants success. The lower acrotelm of each 

donor site (collected below the first 10 cm) was harvested to use as amendment, 

which means that the peat was specific to each donor site. The seed bank in that 

lower portion of the acrotelm could have participated to the species pool by 
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carrying a considerable amount of Carex seeds and other vascular plants in the 

propagule mix. Those results are important since restoring Carex species can be 

challenging when using the moss layer transfer technique in restoration projects. 

Investigating the potential of using the lower acrotelm as a source of Carex seeds 

could provide valuable answers on the regeneration of sedges in a restoration 

context. 

6.5 Repercussion of Findings for Industry 

Restoring peatlands on well pads is a major challenge for the energy sector. 

Peatlands perform several ecosystem services including habitat, support for 

biodiversity, water balance and carbon storage. These functions will not be 

recovered if the industry does not change its current practises of restoring upland 

ecosystems on well pads located in peatlands. 

The Alberta regulatory framework does not yet include peatlands in its reclamation 

criteria. They have been under development for several years and are expected to 

be released soon. It is widely acknowledged that restoring a system identical to 

what was present in the landscape before disturbances is not realistic (SER 2004). 

Peatland restoration is just starting in the energy sector and there is much to learn 

before achieving the restoration of an independent and functioning ecosystem. It is 

however reasonable to expect that soil, hydrology and vegetation will be core 

components of the upcoming criteria (Ball 2012). 

In our study, we have explored two of the three components: vegetation and soil. 

We have found that active reintroduction of propagules using a moss layer transfer 

technique (MLTT) was promising to reestablish peatland plant communities 

dominated by bryophytes. The establishment success of peatland plants is a 

crucial component for successful peatland restoration on well sites. The 

reestablishment of bryophytes is essential to the return of peat-accumulating 
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function, because they contribute more than other vegetation groups to the peat-

accumulation processes (Graf & Rochefort 2009). The MLTT is relatively new in 

the energy sector and there are many operational details to be experimented in 

order to mechanized all steps of this technique. 

Finally, once the pad material is almost entirely removed from site, the exposed 

substrate is a clay loam. Reestablishing peatland plants on clay is achievable but 

might not be sustainable. Ideally, plants would be reintroduced on a thick peat 

substrate. As shown in this study, peat substrate maximizes the regeneration of 

both vascular plants and bryophytes. Because it delays the transport of 

contaminants, peat can be beneficial to peatland plants growing in contaminated 

conditions (Rezanezhad et al. 2012), which could be ideal for decommissioned well 

sites with disturbed chemistry. Choosing a restoration substrate that would be 

optimum for peatland plants while accommodating operational constraints remains 

a challenge for the restoration of peatlands on well pads.  
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7. Conclusion 

This project was looking at different substrate treatments and plant communities to 

restore peatland plants on decommissioned well sites in Northern Alberta using a 

moss layer transfer technique (MLTT). In response to the substrate treatments, 

both mosses and vascular plants had a clear preference for the peat amendment. 

The use of sawdust had a negative impact on plant growth, especially if applied in 

a thick layer. The site chosen for the collection of propagules (donor site) was an 

important factor to the establishment of plants; bog plants were found with the 

lowest cover values while rich fen plants were the most abundant. Our findings 

support the restoration of minerotrophic communities on decommissioned well 

pads rather than bog communities if the site preparation is done in a similar fashion 

as in this study.  

This project is one of the pioneer studies in peatland restoration on well pads in the 

boreal region of Alberta. There are a lot of unknowns related to the restoration of  

peatlands on artificially raised and compacted mineral sites. The results of our field 

experiments after one and two growing seasons clearly showed that the moss 

layer transfer technique (MLLT) is a promising approach to restore peatland plants 

on mineral well sites. Implementing a large-scale restoration project using peat 

amendment could have major implications for the restoration of well pads in the 

Boreal region of Alberta. 
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Appendix 1. Schema of two experimental blocks located on the same well pad 

  

 
                                                  
                        

 
                        

                        
 

                        
    

         
  

 
  

         
    

                        
 

                        
  

                       
  

  
                       

  
  

                       
  

  
                       

  
  

                       
  

    
                      

  
  

                       
  

  
                       

  
  

                       
  

  
                       

  
  

                       
  

  
                       

  
  

                       
  

  
                       

  
  

 
Exp. 2: Manually-harvested diaspores experiment 

 
  

  
                       

  
  

 
Exp. 1: Mechanically-harvested diaspores experiment   
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Appendix 2. Species (mean) recorded in manually-harvested diaspores experiment after one 
growing season.  * = presence. Gr: P= Peatland specialists WS= Wetland specialists WN= 
Wetland non-specialists F= Forest species, R= Ruderal, O= Others. 
  PEAT CLAY 

Species Gr Willow-
Sedge Fen 

Aspen-Bog 
Forest 

Ecotone 

Bog Willow-
Sedge 

Fen 

Aspen-Bog 
Forest 

Ecotone 

Bog 

        

Agrostis glabra Willd WN

 

22.3±7.6 7.3±3.9 0.3±0.4 2.6±2.6 2.3±2.3 0.3±0.4 
Calamagrostis canadensis (Michx) 

 

WS 0 p 0 0 0 0 
Carex aquatilis Wahl. WS 0.3±0.3 0.4±0.8 0.4±0.8 3.5±4.4 5.7±6.5 0 
Carex canescens L. WS 44.5±24.3  49.1±25.5 10.9±16.1 11.8±18.4 13.4±15.3 1.5±0.8 

 

Cirsium arvense (L.) Scop. R * * 0 0.2±0.3 0 0 
Epilobium angustifolium L. R 0 * 0 0 0 0 
Equisetum arvense L. WN 0 0 0 * 0.4±0.8 * 
Galium sp. WN 0.2±0.4 0.3±0.3 0 0 0 0 
Hieracium umbellatum L. R 0.1±0.3 * 0 * 0.2±0.3 0.1±0.3 

 

Hordeum jubatum L. R 1.8±3.3 1.7±2.1 * 0.5±0.8 0.5±0.6 0.2±0.2 
Hordeum vulgare  L. 0 0.02±0.06 0 0.04±0.08 0.01±0.05 0.03±0.06 0.02±0.06 
Juncus buffonius L. WN 0 0 0 * 0 0 
Ledum groenlandicum  Oeder P 0 * * 0 0 0 
Melilotus officinalis (L.) Lam. R * * 0 0.1±0.07 * * 
Picea mariana Mill. F 0 * 0.2±0.2 * 0 * 
Plantago major L. R * 0 0 * * * 
Populus sp. F * 0 0 0 * 0 
Potentilla norvegica L. R 0.8±0.7 0.2±0.1 0 0.6±1.1 0 0 
Ribes spp. L. WN 0.2±0.1 2.0±1.4 * * 0 0 
Rumex occidentalis WN 0.1±0.08 0 0 0 0 0 
Salix sp. WS 0.2±0.3 0 0 * 0.2±0.3 0.3±0.3 

 

Sonchus arvensis L. R 0.2±0.3 * * * 0.1±0.3 * 
Stellaria longifolia Muhl. WN 0.9±0.5 0.2±0.2 * 0.7±0.6 0 0 
Taraxacum officiale Weber. R 0.5±0.2 0.5±0.6 0.5±0.2 0.9±1.2 0.4±0.5 0.5±0.1 
Trifolium hybridum L. R 2.5±1.5 5.1±4.6 2.4±2.8 3.7±4.6 2.0±4.0 1.5±2.3 

 

Typha latifolia L. WS 0 0 * 0.2±0.3 * 0.2±0.2 
Bryophytes        
Aulocomnium palustre (Hedw.) 

 

 

P 0.1±0.3 1.2±2.1 * 0 * * 
Bryum sp. O 0.5±0.8 0.6±0.4 1.8±1.3 0.5±0.1 0.5±0.5 * 
Dicranum undulatum Brid. WN * 0 * 0 0 0 
Leptobryum pyriforme (Hedw.)Wilson R 14.9±12.9 7.0±3.8 0.4±0.3 14.8±19.4 9.4±12.1 2.5±2.2 
Pleurozium schreberi (Brid.)Mitt. F 0 0 * 0 0 * 
Polytichum strictum Brid. WN * * * 0 0 0 
Sphagnum spp. P 1.1±1.3 0.8±0.4 0.3±0.5 0 0 0 
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 Appendix 3. Species (mean) recorded in manually-harvested diaspores experiment after one growing season. * = 
presence, Gr: P= Peatland specialists, WS= Wetland specialists, WN= Wetland non-specialists, F= Forest species. 

    

 

 Species Gr Treed Rich Fen Shrubby Rich Fen 

   clay d.clay mix d.mix p Natural cla

 

d.clay mix d.mix p Natural 

Va
sc

ul
ar

 p
la

nt
s 

Agrostis scabra Willd WN 2.8 0.8 0.3 

 

0.3 2.6 * 0.7 0.2 0.3 0.1 3.7 0 
Apocym androsaemifolium L. WN 0.1 * 0 

 

0 * 0 * 0 0 0 0 0 
Carex aquatilis Wahl. WS 0.2 0.1 0 0 0.1 5.3 2.5 0.4 0.2 0.4 2.9 7.8 
Carex canescens L.  WS 0.8 0.5 0.3 0.2 0.2 * 1.5 0.7 0 0 0.4 0 
Carex spp. WN 1.4 1.3 0.4 0.7 1.4 2.5 1.0 0.5 1.2 1.0 1.9 0.6 
Drosera rotundifolia L. P 0 0 * 0 0 * 0 0 0 0 0 * 
Epilobium palustre L. P * * * * 0.9 * 0.1 0.2 0.1 0.2 0.7 * 
Equisetum arvense L. WN * 0 0.3 0.7 1.0 0 0.1 1.3 0 0.4 0.2 0 
Hordeum jubatum L. R 0.2 0.2 * 0 0.1 0 0.2 * 0 0 0.2 0 
Hordeum vulgare  L  O 0 * 0 * 0.2 0 0 * 0 0 0 0 
Juncus bufonius L. WN 0.6 0.1 * 0 0.4 0 * 0.4 0 0 0.7 0 
Ledum groenlandicum Oeder  P 0 0 * 0 * 12.0 0 0 0 0 0 5.8 
Oxycoccus microcarpus L. Turcz. P 0.1 0.1 0.2 0.2 0.6 0.9 0.1 * 0.2 0.1 0.5 0.4 
Parnassia palustris L. P * 0 * 0 * 0 0 0 0 0 0 * 
Picea mariana (Mill.) BSP WS 0 0 * 0 0 4.5 * 0 * 0 * 2.6 
Potentilla palustris (L.) Scop. P 0 0 0 0 0 0.7 * 0.1 0 * 0.1 0.7 
Ribes spp. WN 0 0 0 0 * 0 0 0 0 0 0 * 
Salix spp. WS 0 * 0.1 0.1 0.4 2.8 0.2 * * 0.1 0.4 11.9 
Sonchus arvensis L. R * * * * 0.2 0 0 0 0.1 * 0.2 0 
Stellaria longifolia  Muhl. WN 0.1 0 0 0 0 * * * * 0 0.3 0 
Taraxacum officiale  Weber. R 0.2 0.5 0.1 0.1 0.2 * 0.1 0.1 0.2 0.1 0.4 0 
Trifolium hybridum L. 

 

 

 

 

 

R 0.2 * 0.1 0.3 0.1 * 0 0 0.2 0.2 0.6 0 
Triglochin maritima L. P 0 0 0 0 0 * 0 0 0 0 0 2.2 
Typha latifolia L. WS 0.2 0.1 0.2 0.2 0.4 0 0.2 0.2 0.1 0.1 0.8 0 
Vaccinium vitis-idea L. 

 

 

 

P 0 0 0 * * 0.8 0 0 0 0 0 0.6 
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Appendix 3. (continued) Species (mean) recorded in manually-harvested diaspores experiment after one growing 
season. * = presence, Gr: P= Peatland specialists, WS= Wetland specialists, WN= Wetland non-specialists, F= 
Forest species. 

 Species Gr. Treed Rich Fen Shrubby Rich Fen 

B
ry

op
hy

te
s 

  clay d.clay mix d.mix p Natural clay d.clay mix d.mix p Natural 

Aulocomnium palustre (Hedw.) Schwaegr. P 3.2 4.0 3.8 5.1 5.7 6.6 6.5 7.1 9.8 10.6 14.8 9.4 

Bryum pseudotriquetrum (Hedw.) Gaertn. eal.. W 0.7 1.1 0.3 0.4 1.8 0.2 0.5 0.1 0.2 0.2 0.5 0.6 

Calliergon stramineum (dickson ex Bridel) Kindberg P 3.9 4.8 6.5 6.7 4.7 3.1 0.2 0.3 0.4 0.2 0.2 0.6 

Drepanolcadus aduncus (Hedw.) Warnst. P 0.3 0.6 0.3 0.5 0.2 0.2 8.5 20.6 10.7 11.0 6.4 0 

Drepanocladus uncinatus (Hedw.) Warnst. F 0.7 0.7 1.2 1.2 0.9 * 5.3 4.9 2.9 3.2 2.7 1.3 

Dicranum undulatum Brid. P 0 0 0 0 0 * 0 0 * 0 * 0.5 

Cinclidium stygium Sw. in Schrad P 0.2 0.2 0.2 0.1 0.7 * * * * * * 1.6 

Helodium blandii (Web. & Mohr.) Warnst. P 0.2 0.5 0.3 0.2 0.5 0.1 0.5 0.1 0.1 0.2 * 0.8 

Hylocomnium splendens (Hedw.) Schimp. F 0 0 * * 0 1,8 0 0 0 0 0 2.3 

Hypnum linbergii Mitt. W 5.4 5.5 5.5 3.1 13.0 0.2 * 0.1 0.2 * 0.2 1.9 

Pleurozium Schreberi (Brid.) Mitt. F 0.3 0.3 0.5 0.7 0.8 6.0 0.1 0.1 0.1 0.1 0.2 1.3 

Pholia nutans  (Hedw.) Lindb. WN 0.1 0.1 0.4 0.2 0.8 0.8 0 0 * * * 0.4 

Leptobryum pyriforme (Hedw.) Wilson R 0.8 0.9 0.2 0.1 3.0 0 1.2 * * * 2.3 * 

Polytrichum strictum Brid. P * 0.1 0.2 0.1 0.1 0.3 * * 0.1 0.1 0.1 0.2 

Sphagnum spp. P 0 * 0.3 0.6 0.9 46.3 1.4 0.7 2.8 5.0 6.5 19.2 

Tomenthypnum nitens (Hedw.) Loeske P 7.8 4.6 5.4 8.2 15.0 15.8 14.8 12.2 19.5 21.5 17.4 23.7 

Warnstorfia fluitans (Hedw.) Loeske P 0.3 1.0 1.1 0.5 0.3 1.2 12.0 9.3 15.2 9.8 6.8 0 

 
. 
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Appendix 4 ANCOVAs outcomes performed on establishment data for four dominant 
bryophytes in the manually-harvested diaspores experiment. A submersion index was 
used for co-variable. 

 

 

 

  T. nitens A. palustre Drepanocladus 
spp. 

Sphagnum 
spp. 

 df F P F P F P F P 

Block 3 1.73  20.3  4.62  5.9  
Donor site 1 7.95 <0.01 41.6 <0.01 96.7 <0.01 86.0 <0.01 
Substrate 4 0.67 0.62 5.2 <0.01 0.77 0.55 7.4 <0.01 
Substrate*Donor site 4 0.36 0.83 1.0 0.45 0.77 0.56 0.6 0.69 
Submersion 1 0.01 0.93 0.9 0.34 0.42 0.52 0.47 0.50 
Residuals 26         
Total 39         


