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ABSTRACT 

In the early 1970s, many wetlands in the Prairie Pothole Region of Saskatchewan, 

Canada, were drained to increase the agricultural land base. In the early-mid 1990s, 

Ducks Unlimited Canada (DUC) restored many of these drained wetlands to their original 

spill elevations, reverting back to the natural hydrological cycles and relying on any 

existing seed banks to passively revegetate the basins. This study compared the 

vegetation communities and seed banks of “Restored” wetlands to those of “Natural” 

(never drained) wetlands after almost twenty years, and considered whether relict seed 

banks could successfully restore drained wetlands without reseeding typical wetland 

vegetation species. 

The vegetation and seed banks of nine Restored wetlands were compared to that 

of nine Natural wetlands. In each wetland, vegetation composition was recorded as 

percent cover in three visual concentric wetland vegetation zones, namely the Center, 

Inner-Typha, and Typha zones. Soil samples were collected from these three zones, and 

the seed banks were assayed in two ways: by identifying and counting the seeds present, 

and by identifying and counting the seedlings that germinated. Germination assays were 

undertaken for eight months under controlled laboratory settings chosen to replicate 

natural hydrological conditions.  

The vegetation of the Restored and Natural wetlands was generally different, 

although there was overlap between the two groups. Approximately 60% of the taxa were 

found in common. Diversity comparisons showed that richness was significantly greater 

in the vegetation of Restored wetlands in comparison to that of Natural wetlands, while 

the number of seeds was significantly greater in the Natural wetlands. There was not a 
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clear distinction between the seed banks of the two groups, and 75% of the taxa were 

found in common. The seedling assay results showed that the Restored and Natural 

wetlands segregated into two groups, but with overlap between them. Among the 

seedlings, less than half of the taxa were found in common between Natural and Restored 

wetland groups.  

This study concludes that wetlands that were drained for approximately two 

decades and then restored to natural hydrological cycles still retained diverse seed banks, 

which overlapped substantially in taxonomic composition with those of Natural wetlands. 

The seed banks cannot account for the differences between the vegetation and seedlings 

assays of Restored and Natural wetlands. It appears that the vegetation of Restored 

wetlands is still responding to restored water levels. Differences in the seedlings that 

germinated may be at least partially explained by the methodology in which the seeds 

were not separated from the substrate before being germinated. 

The presence of a diverse seed bank that includes wetland taxa gives cautious 

optimism that, given sufficient time, native wetland vegetation will reestablish in drained 

wetlands in which water is reestablished. Grazing could not be quantified in this study, 

but the accessibility of drained wetlands to cattle may be an important impediment to 

vegetation recovery and may facilitate weedy taxa. Further research on the effects of 

disturbances such as grazing and on active management approaches that could support 

and hasten revegetation is needed. 
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1.  INTRODUCTION:  WETLANDS OF THE GREAT PLAINS PRAIRIE 

POTHOLE REGION 

1.1  Description 

The recently-glaciated landscape of the northern Great Plains Region of North 

America is pitted with shallow, saucer-shaped depressions commonly referred to as 

prairie potholes (Seabloom et al. 2001; Figure 1.1) in a mosaic of glacial till and outwash 

(National Wetlands Working Group 1988). The continental climate of the Prairie Pothole 

Region (PPR) is characterized by extremes. In central Saskatchewan (e.g. Prince Albert), 

temperatures range from 41° C in summer to as low as - 43° C in winter; average annual 

precipitation is approximately 350 mm, but droughts are common 

(http://climate.weatheroffice.gc.ca/Welcome_e.html; retrieved August 2012). 

Individual basins of the PPR are generally hydrologically isolated in terms of 

overland water flow due to the recent postglacial origin of the landscape and the dry 

climate, although in high-water years water can spill between basins. The hydrological 

status of individual wetlands is characterized by high temporal and spatial variation. The 

size and shape of the basin and the runoff area primarily determine the amount of water 

that accumulates. About 76% of the average annual precipitation is rainfall and the rest is 

snow (http://climate.weatheroffice.gc.ca/Welcome_e.html; retrieved August 2012). 

Isolated thunderstorms may bring several cm of rain to a local area while leaving adjacent 

areas entirely dry. Basin hydrology is also affected by the complex and dynamic 

functions of groundwater tables as they rise and fall. Inundation regimes are strongly 

related to climatic cycles of approximately 2-8 years (El Niño-La Niña) and around 60 

years (Pacific Decadal Oscillation) (Shabbar et al. 2011). Countless wetlands shrank 
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Figure 1.1. The Prairie Pothole Region (http://www.fws.gov/kulmwetlands/pothole.html; 

retrieved April 2012). 
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dramatically in size or disappeared altogether in the mid 1980s, and filled again recently.   

1.2  Threats 

Many PPR wetlands that existed before agricultural settlement have disappeared 

or are under threat (http://www.ducks.org/conservation/prairie-pothole-region/prairies-

under-siege-new-threats-to-ducks-and-waterfowling; retrieved May 2012). Historically, 

wetlands were viewed either as potentially productive land, or otherwise as wastelands 

that were more of a farming hindrance than a benefit; thus many were drained (Figure 

1.2). The vegetation around wetlands is often intensively grazed, as cattle are attracted to 

the water and palatable forage. Weed infestations are common. Eutrophication resulting 

from fertilizer runoff is a major problem, often resulting in algal blooms (Hall et al. 

1999). 

Models forecasting the effects of anthropogenic climate change point towards 

greater frequency of drought on the northern Great Plains (Johnson et al. 2005), which 

will have a number of impacts on PPR wetlands. Vegetation community shifts are 

expected, along with changes in competition, predation or parasitism within wetland 

communities (Leck and Graveline 1979; Haag 1983; Leck and Simpson 1995; Leck 

1996). Various models applying different temporal scales predict and analyze drawdown 

effects on vegetation (van der Valk and Davis 1976, 1978; Leck 1995). However, there is 

little information forecasting the cumulative effects of multiple environmental 

perturbations (Bardecki 1988; Odland 1997; Keddy 1999), such as increased grazing and 

other livestock disturbance with drawdown. Livestock concentrated in wetland areas can 

have extensive negative impacts (Figure 1.3); determining the best grazing practices for 

ecological stability is an evolving science, particularly as it pertains to the cumulative 
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Figure 1.2. Drained wetland (Put November 2001; original in colour). 
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Figure 1.3. Livestock and effects in a drained wetland (Put June 2002; original in colour).  



 

6 

 

impacts of livestock and hydrological drawdown in wetlands (Bassett 1980; Bakker 

1985; Evers et al. 1998). 

1.3  Conservation, management, and restoration 

The value of PPR wetlands, including the environmental goods and services they 

produce, has long been acknowledged (Moen 1998). While public policy and practice to 

conserve wetlands has lagged behind, recently there is an encouraging shift. New 

integrated and targeted education programs highlight the necessity of maintaining healthy 

wetlands and watersheds, including upland habitat. Active participation by land stewards 

and stakeholder groups in wetland conservation and management in a landscape context 

is strongly encouraged in some jurisdictions, via financial incentives, community 

recognition, and/or the formation of watershed management groups, which can promote 

uniform watershed management (Keddy 1999; Saskatchewan Ministry of Environment 

2010; Saskatchewan Water Security Agency https://www.wsask.ca/en/Water-

Info/Partnerships/; retrieved October 2012).   

Pressure on the oil and gas industry to implement mandatory setback distances 

from wetlands continues, and there are increasing repercussions for contraventions 

(Saskatchewan Ministry of Environment 2010). Environmental organizations and 

government continue to press for voluntary compliance by landowners and producers to 

leave contiguous buffers around wetland bodies. Managing remaining wetlands and 

restoring drained or heavily impacted wetlands, within the limitations imposed by 

climatic conditions (van der Valk 1981, 2000; Moen 1998), are priorities of government 

and non-government agencies (e.g. Saskatchewan Water Security Agency and regional 

watershed groups). Restoration of disturbed wetlands in the PPR is critical given that so 
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many have been drained or seriously compromised. However, as Keddy (1999, p 718) 

points out, “The difficulties inherent in restoration are profound …Wetland ecosystems 

contain too many components to be treated arithmetically and too few for statistical 

analysis. Therefore, as the number of components in a wetland increases arithmetically, 

the number of interactions increases geometrically.”   

On one hand, restoration of wetlands is very much site specific and remains as 

much an art as a science; but Keddy (1999, p 718) laments that “it sometimes seems from 

published studies that practical restoration activity is being conducted without a full 

appreciation of historical roots, scientific foundations, or existing knowledge”. 

Restoration is more challenging when disturbance is recurring, rather than a series of 

isolated events (Windward and Padgett 1989). Understanding of wetland ecology is still 

developing; measures of wetland “health” or integrity are often difficult to quantify.  

There are numerous ecological, economic, water supply, and political hurdles yet to 

overcome in achieving substantial wetland restoration.    

1.4  Hydrological variation and the vegetation and seedbanks of PPR wetlands 

As described in the preceding sections, PPR wetlands experience hydrological 

variation for a variety of reasons. Long and shorter-term cycles such as ENSO (El Niño-

Southern Oscillation) and Pacific Decadal Oscillation (PDO), superimposed on the 

inherent variability of a continental climate, produce periods of natural drawdown and 

inundation. Many wetlands were completely or partially drained for agriculture, but the 

increasing recognition of their value has stimulated passive and active restoration. 

Increasing drought, anticipated as a result of anthropogenic climate change, will produce 

further variation.  
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Hydrological variation is one of the most important determinants of wetland 

function (Keddy 1999; Casanova and Brock 2000), and has important effects on wetland 

communities (Aboughendia 2001). For example, during drawdown, because of the 

unique niche requirements of plant species and the corresponding inter- and intra-species 

interactions including seedling and adult mortality (Pederson 1981; Leck 1989, 1996), the 

vegetation that establishes is rarely spatially uniform (Figure 1.4) or displays typical 

wetland vegetation zonation patterns (Adams 1963; Dunn and Best 1983; van der Valk 

and Davis 1978; Johnson et al. 1987; Welling et al. 1988; Pennings and Callaway 1992; 

Murkin et al. 2000). In extreme drawdown years, wetland vegetation may completely 

disappear (Figure 1.2). A return to increasing water levels (“regeneration”; van der Valk 

1981) can trigger the recovery of suppressed vegetation and the germination of seeds in 

the seed bank, and distinctive wetland communities re-emerge (Galatowitsch and van der 

Valk 1994). During prolonged inundation, flood-induced mortality can create large gaps 

in the emergent vegetation and select for tolerant emergents (Harris and Marshall 1963). 

Clearly, drawdown is a critical component of wetland rejuvenation through seed bank 

recruitment, revegetation, and seed bank replenishment.  

The ability to predict wetland community changes in the context of hydrological 

variation is important for wetland restoration and management (van der Valk and Davis 

1976, 1978; Poiani and Johnson 1993; Keddy 2000). Bakker (1985) described seed banks 

as “aggregations of ungerminated seed potentially capable of replacing adult plants that 

may be annuals, dying a natural or unnatural death, or perennials, susceptible to death by 

disease, disturbance, or consumption by animals (including man).” Roberts (1981) 
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Figure 1.4. Blended wetland vegetation zones in a Restored wetland (Put June 2002; 

original in colour).
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similarly characterized seed banks as “reserves of mature viable seeds located in fruits (or 

cones) on the plant (aerial seed bank), on the soil surface or buried in soil, duff or litter.” 

Seed banks archive the ecological history of a wetland area (Dunn and Best 1983; 

van der Valk and Davis 1979; Pederson and van der Valk 1984; Siegley et al. 1988; 

Wilson et al. 1993; de Winton et al. 2000; Chang et al. 2001), ensuring long-term 

survival of prairie wetlands (van der Valk and Davis 1976, 1978, 1979). Goodrich and 

Milleson (1974), for example, found that seeds of almost half of the species in wet 

meadow vegetation were present in the seed bank samples, and Wetzel et al. (2001) 

reported similar representation by wetland vegetation species in the seed banks of former 

wetland sites. Existing vegetation communities of a wetland often are not reflective of 

current environmental conditions, but rather are a lagged response to historical events and 

the resultant recruitments of species from the seed bank (Werner and Platt 1976). Figure 

1.5 (from Leck 1989) shows the dynamic relationships among vegetation, the seed bank, 

and environmental factors including hydrological change.  

1.5  Characteristics of wetland seed banks 

1.5.1  Depth of burial 

Simpson et al. (1989 in Laubhan and Shaffer 2006) found that recruitment from 

the seed bank was limited by depth, as only seeds in the upper portion of the soil profile 

receive appropriate germination cues. There is little information about the factors that 

drive vertical (and/or horizontal) movements of seeds within the soil profile (Leck and 

Simpson 1987; McGraw 1987; Chambers and MacMahon 1994); but physical soil 

swelling and shrinkage/vertical cracking, small and large animal transport and activities, 

avian activities, water percolation/flow and sedimentation are important. In wetland seed 
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Figure 1.5. Relationships among the vegetation, seed bank, and environmental factors of 

wetlands (from Leck 1989). 
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banks inundated for long periods, smaller and denser seeds tend to sink while buoyant 

seeds float and may occur closer to the surface or along vegetation drift lines (Pederson 

1981; Schneider and Sharitz 1986). 

1.5.2  Substrate characteristics 

Substrate chemistry may also influence the size and composition of seed banks.  

Increased salinity can restrict germination of some species established on saline soils 

(Engel 1985; Smith and Kadlec 1983) so that those seeds persist in the soil (Ungar and 

Riehl 1980). Similarly, composition of the seed bank may be determined indirectly by 

substrate conditions that affect the types of plants that can grow, including pH (Mitsch 

and Gosselink 1993), texture (van der Valk and Davis 1976), nutrient availability, nitrates 

(Kellogg et al. 2003) and elevation as a result of water levels (Dale 1984; Gauder in Leck 

1987). Excess litter may cause allelopathic suppression (van der Valk and Davis 1976) or 

physical barriers (van der Valk 1986), and flotsam may inhibit recruitment from the seed 

bank (van der Valk 1986) or provide microsites favoured by certain species (Leck 1989).   

1.5.3  Inundation 

Hydrological conditions affect recruitment from the seed bank (van der Valk and 

Davis 1978; Pederson 1981; Smith and Kadlec 1983; Leck and Simpson 1987). For 

example, seeds of submersed species germinate almost exclusively under flooded 

conditions, while emergent perennials and mudflat annuals have broad tolerance limits 

for water levels during the recruitment phase, and can germinate under both flooded and 

drawdown conditions (van der Valk and Davis 1978; Thompson and Grime 1979; 

Pederson 1981; Smith and Kadlec 1983; Keddy and Ellis 1985; Leck and Simpson 1987; 

Pioani and Johnson 1988). When seed bank recruitment occurs only during precise water 
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level phases as specific germination cues are met, minor differences such as contrasting 

inundation periods of two weeks versus three weeks can select for distinct plant 

communities (Casonava and Brock 2000). Alternatively, a consortium of unlike 

environmental filters can theoretically produce identical communities (Keddy 1999). At 

varying times during hydrological flooding and drawdown, inter- and intra-seasonal 

vegetation variations are expected as different life forms of species are recruited from the 

seed bank. More studies of germination characteristics and habitat requirements of 

individual species are needed (Grime et al. 1981; Keddy and Ellis 1985; Galinato and van 

der Valk 1986; Roberts 1986; Shipley and Parent 1991).   

1.5.4  Density and longevity 

In a North Dakota prairie wetland, seed densities (abundances) in sediments 

varied from 2840/m
2
 one year to as high as 9370/m

2
 the next (Poiani and Johnson 1989). 

Many researchers reported that buried seed density correlated positively with disturbance; 

wetlands with greater seed densities are likely those that have experienced a greater 

number of wet/dry cycles (Thompson 1978; Leck and Graveline 1979; Keddy and 

Reznicek 1982; Sousa 1984; McKnight 1992). Walck et al. (2005) noted that the size, 

diversity and composition of wetland seed banks varied considerably with one or few 

species often dominating the seed bank. In general, seed density declines exponentially 

with depth, although there is considerable variation within and amongst wetlands as well 

as among species (Leck and Simpson 1987; McGraw 1987).   

Seed bank size, composition, and depth distribution are determined in part by seed 

longevity. The number of wetland species represented and the number of seeds in the 

seed bank decreased with the length of time a wetland had been drained (Weinhold and 



 

14 

 

van der Valk 1989; van der Valk and Rosburg 1997). Longevity is related to seed 

morphology, especially size and seed coat thickness. Little is known about processes 

controlling longevity of wetland species, but imbibition, depressed temperatures and low 

oxygen levels reduce deterioration (Moore and Keddy 1989). Rates of compositional 

change within the seed bank vary from less than a decade to several millennia (Schneider 

and Sharitz 1986).   

1.5.5  Transient vs. permanent seed banks and germination strategies 

Germination strategies are key components of seed bank characteristics. 

Traditionally, two general types of soil seed banks were recognized: transient (seeds 

persisting less than a year) and persistent (seeds survive for longer than one year) 

(Thompson and Grime 1979). Poiani and Johnson (1989) and Haukos and Smith (1993) 

reported that wetlands with shorter hydroperiods had greater numbers of transient or 

annual species, especially opportunistic, rapidly-germinating and fruiting species. In 

contrast, persistent seed banks tended to form with unpredictable water-level fluctuations.  

Unpredictable germination requirements of different species result in seed banks with 

varying combinations of permanent and transient seed banks. 

Recent classification schemes further divide the transient and persistent seed bank 

categories into subtypes. Thompson and Grime (1979) identified four germination 

strategies relating to seed bank persistence that were associated with seed morphological 

and physiological characteristics. Type I species were summer transients, Type II species 

were winter transients, Type III species showed a combination of transience and 

persistence, and Type IV species had a large persistent seed bank relative to yearly seed 

input and larger numbers of seeds in the subsurface than in surface samples. Van der 
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Valk et al. (1992) combined plant life span and seed persistence in their classification of 

seeds.  Wetland species were first categorized as “A” (annual), “P” (perennial with 

limited life span and no vegetative reproduction), or “V” (vegetatively-reproducing 

perennials with no definite life span), then as either “D” or “S” species depending upon 

propagule longevity. “D” species depended on seed dispersal for establishment, with 

shorter seed viability relative to “S” species, and therefore usually only established 

during a period with suitable germination conditions. “S” species had long-lived seeds 

that were always present in the substrate and consequently were capable of establishing 

any time when conditions were favourable. Species were then further categorized as 

either Type I (relied on propagule sources to germinate under drawdown conditions), or 

Type II (seeds that only germinated under flooded conditions). For example, a DI species 

could only establish after drawdown if the plants were present in the area.   

The role of dormancy in germination is complex and shows much variation 

among species. Seeds of some species such as the winter annual Thlaspi arvense may be 

non- dormant or dormant (or conditionally dormant) until they break out of dormancy, 

but then remain in the soils for as long as 16-18 months (Hazebroek and Metzger 1990). 

Other species that miss their germination cues can re-enter secondary dormancy or 

secondary conditional dormancy (Walck et al. 2005). The seed must be in a certain 

physiological state to germinate, which includes overcoming innate dormancy or 

enforced dormancy where the requisite environmental conditions to break dormancy have 

not been supplied (Fenner 1985). For example, species with prolonged viability often 

have seed coats that restrict germination until cuticularized or lignified plugs dislodge, or 

the testa or endocarp ruptures as the seed desiccates (Casanova and Brock 2000). Seeds 
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of other species (usually those that grow in inundated conditions) can germinate only 

after fungi develop and physically disintegrate the seed coat (Fenner 1985). Even within 

an individual species, germination may vary among ecotypes, temperatures, day length, 

seed burial, substrate stratification and seed freshness (Laubhan and Schaffer 2006).   

In summary, successful germination is contingent on response to environmental 

sieves or filters that include, but are not limited to, the following:   

• physical (e.g. litter deposition and decomposition rates, burial depth of seeds and 

propagules, water turbidity, substrate and water chemistry, space, timing of 

precipitation events, length of inundation, etc.);  

• morpho-physiological (e.g. temperature, desiccation, fungal or biotic scarification, 

germination attributes such as lag time, maximum germination rate, and final 

germination proportion); 

• chemical (e.g. water salinity, conductivity, eutrophication/nutrient paucity, 

allelopathy); and/or 

• biotic (e.g. light, oxygen flashes, seed and cotyledon reserves, competition, 

distribution of refugial populations, predation, pathogens and herbivory). 

1.5.6  Vegetation-seed bank relationships 

The correlation between seed banks and the species composition in wetland 

communities was reported by some researchers to be small due to the numerous 

environmental filters that affect seed bank composition and germination (Keddy and 

Reznicek 1982; Haag 1983; Leck 1996), while others reported a strong correlation 

between species distributions (Hopkins and Parker 1984; Parker and Leck 1985) or 

diversity (van der Valk 1981; Keddy and Reznicek 1982; Smith and Kadlec 1983; 
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Grelsson and Nillson 1991) and the seed bank. Leck (1989, 1996) found that the seed 

bank was reasonably accurate at predicting short-term (e.g. 1-2 yr) vegetation 

communities following disturbance, but a poor predictor of long-term vegetation 

development. Correlations between seed bank and vegetation communities can be unique 

within and among wetlands (Leck 1989; Leck 1996). Species with plentiful seed 

production, and/or coupled with prolonged viability and high dispersion, may be over-

represented in the seed bank (van der Valk and Davis 1979).   

Accurate forecasting as to what vegetation species will establish during 

drawdown and then following restoration of water levels is complicated by the various 

physiological and physical germination requirements of individual species (van der 

Valk and Davis 1976; Thompson and Grime 1979; Hopkins and Parker 1984; Galinato 

and van der Valk, 1986; Shay and Shay, 1986; Welling et al. 1988; van der Valk et al. 

1992; Shipley and Parent 1991; McKnight, 1992; Thompson and Shay 1988; Wilson et 

al. 1993; Chambers et al. 1999; Leck and Simpson, 1995; Wilcox 1995; Keddy 1999; 

Rejmankova et al. 1999; Leck 1996; Casanova and Brock 2000; Seabloom et al. 2001). 

Generally however, high seed bank diversity allows greater recovery after disturbance 

within the wetland community (Reingartz and Warne 1993). 

1.6   Comparison of Restored and Natural wetlands in the PPR 

The purpose of this study was to examine the effect of hydrological variation, 

specifically extreme drawdown due to complete anthropogenic drainage followed by 

restoration of water availability, on the vegetation and seed banks of PPR wetlands in 

central Saskatchewan. Nine “Restored” wetlands, drained in the early 1970s and restored 

in the early 1990s, were compared to nine “Natural” (i.e. water levels not 
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anthropogenically manipulated) wetlands.  

Four general questions were proposed: 

• Are the wetland vegetation communities of Restored PPR wetlands comparable to 

those of Natural wetlands? 

• Are the seed banks of Restored PPR wetlands comparable to those of Natural 

wetlands? 

• Are the seed banks of Restored and Natural PPR wetlands reflected in the wetland 

vegetation communities and vice versa? 

• What are the restoration and management implications of the characteristics of the 

seed banks of Restored and Natural PPR wetlands? 

The specific hypotheses that were addressed are listed below. 

Vegetation communities 

• H0:  the vegetation community characteristics of Restored wetlands are similar to  

   those of Natural wetlands  

 HA: the vegetation community characteristics of Restored wetlands differ from  

   those of Natural wetlands 

Seed bank composition 

• H0: the seed bank characteristics of Restored wetlands are similar to those of   

   Natural wetlands  

      HA: the seed bank characteristics of Restored wetlands differ from those of  

   Natural wetlands 

• H0: the composition of the seed bank is similar to the vegetation 

HA: the composition of the seed bank is different from the vegetation 
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Seedling germination from the seed bank 

• H0: the complement of seedlings that germinates from the seed banks of  

   Restored wetlands is similar to that of Natural wetlands  

      HA: the complement of seedlings that germinates from the seed banks of  

   Restored wetlands differs from that of Natural wetlands 

• H0: the complement of seedlings that germinates from the seed banks is similar  

   to the complement of seeds in the seed banks  

      HA: the complement of seedlings that germinates from the seed banks differs  

   from the complement of seeds in the seed banks  
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2.  STUDY SITES AND METHODS 

2.1  Study sites 

Recognizing the increasing threat to PPR wetlands and their importance to 

regional biodiversity, groundwater recharge, and wildlife habitat (Batt et al. 1989), Ducks 

Unlimited Canada (DUC) acquired a number of quarter sections of land containing 

existing wetlands or drained wetland areas on the prairies. The Boreal Transition region 

surrounding the cities of Humboldt, Melfort and Prince Albert, an area of ablation 

moraine and gently to moderately rolling, was particularly targeted given its importance 

as a highly-productive flyway or waterfowl/passerine migration corridor (Currie pers. 

comm. 2001) (Figure 2.1). The Dark Grey Chernozems in the Black soil zone (University 

of Saskatchewan 2005: http://sis.agr.gc.ca/cansis/publications/surveys/sk/index.html; 

retrieved April 2012) of this region support a variety of crops, and the landscape is 

usually seeded to oil seeds, cash crops, or tame hay/pasturelands.  

In 1993, DUC undertook large projects to restore many wetlands in this region 

that were drained in the 1970s. Restoring the original spill elevations allowed 

reestablishment of waterfowl and wildlife habitat, reduced downstream flooding on 

adjacent cultivated land, and a return to normal hydrological function within watersheds. 

Criteria for selecting particular restoration areas included similar basin geomorphology 

(measured by discharge to inflow or recharge rates, substrates, shapes, areas, etc.), the 

ratio of open water:high-quality habitat, associated hydrology (i.e. placement within the 

uplands and connections to other wetland communities as well as inner-basin dynamics), 

proximity to major avian corridors or flyways, spatial location within the landscape DUC 

project area (i.e. elevation within the drainage basin relative to other wetlands, lakes, and  
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Figure 2.1. DUC wetlands and study sites in central Saskatchewan. Restored wetlands are 

indicated with green diamonds, and Natural wetlands with yellow circles (Google Earth, 

retrieved April 2012; original in colour). 
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streams), the surrounding upland characteristics and land use, and stakeholder/municipal 

cooperation in the restoration efforts. Restoring the drained wetlands in the Crystal 

Springs Community Pasture was a unique collaboration between the Saskatchewan 

Ministry of Agriculture Lands Branch and DUC. Reestablishing normal flooding and 

drawdown cycles entailed plugging ditches, breaking drainage tiles, building structures 

(e.g. low-level clay levees) to contain water flow, and additional engineering 

modifications to the drained wetlands. The wetland vegetation was left to passively 

revegetate from relict seed banks (Currie pers. comm. 2001).   

In fall 2001, 72 of a possible 91 wetlands located over several townships across 

the Prince Albert Plain and the Tiger Hills Upland Landscape Area east of Prince Albert, 

Saskatchewan, were assessed using the inventory procedure of the Riparian and Wetland 

Research Program (RWRP), one of the assessment methods currently applied throughout 

southern Saskatchewan (Hansen et al. 1995). For the restored wetlands comparison 

group, a group of wetlands restored in 1993 was located in a large DUC project in the 

Crystal Springs Community Pasture. This Provincial Community Pasture is in the Tiger 

Hills Upland Area, southeast of Birch Hills, Saskatchewan. Most of the 5,250 acres was 

originally cleared and seeded, and wetlands drained to increase stocking rates (Figure 

2.2). The pasture has been in place for decades as a permanent and reliable land base for 

summer grazing. The lands are “rejuvenated” when productivity declines (generally 

between 7-10 years) by overseeding or reseeding perennial cover. Grazing rotations (i.e. 

movement of livestock from one field or paddock to another) depend on the seasonal 

productivity, past grazing regime, animal units, etc. Despite access to permanent dugouts, 

cattle have unrestricted access to the wetlands; and trampling and grazing of wetland 
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Figure 2.2. Landscape of Crystal Springs Community Pasture (Put 2000, original in 

colour). 
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areas generally intensifies as water levels drop. 

Nine “Restored” wetlands were selected based on similarity of general vegetation 

zonation and characteristics, hydrology, flood-drainage ratios, flood area, depth, and 

perimeter:area ratio (Table 2.1). These were discrete, small (< 1 ha in size), shallow 

basins with well-defined wetland vegetation zones. The uplands were seeded to tame 

forages, and there was no obvious hydrological connectivity to other wetlands. The 

“Natural” wetlands, exhibiting characteristics similar to the Restored wetlands but were 

never drained, were located on DUC lands either acquired or signed to long-term leases 

because of their existing high-quality (or high-potential) waterfowl habitat (Table 2.1). 

The uplands surrounding these were also seeded to introduced forage species; they were 

not grazed with the exception of in the fall of the 2001 drought year when DUC allowed 

emergency grazing. The wetlands were located over several townships across the Prince 

Albert Plain and the Tiger Hills Upland Landscape east of Prince Albert. Several of the 

Natural wetlands were linked through surface hydrology to other intact wetlands, while 

others were hydrologically isolated other than by ground-water movement.   

The nine Restored and nine Natural wetlands were selected so that the two groups 

differed as much as possible only in terms of anthropogenic drainage. Basins were 

typically Class III and Class IV basins, and were located in the same soil zone and 

bioclimatic region. However, not all differences between and within the groups could be 

controlled. Grazing was not quantified as there were no reliable records. The Restored 

wetlands were located close to each other within the Crystal Springs Community Pasture 

while the Natural wetlands were scattered throughout DUC lands in the region. As well, 

it was beyond the scope of this study to determine water chemistry, nutrient status, and 
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Table 2.1. Locations of Restored and Natural Wetlands. 

Wetland Dimensions (m x m) Coordinates 

Restored 

1 127x83 
52°54’44.04 N; 105°19’15.34 W 

Elevation 536 m 

2 26x37 
52°53’52.23 N; 105°19’18.43 W 

Elevation 585 m 

3 57x21 
52°54’22.28 N; 105°19’39.53 W 

Elevation 549 m 

4 61x94 
52°54’39.06 N; 105°19’29.80 W 

Elevation 540 m 

5 84x28 
52°55’11.77 N; 105°19’21.84 W 

Elevation 524 m 

6 78x33 
52°54’31.49 N; 105°18’07.63 W 

Elevation 526 m 

7 51x36 
52°53’48.36 N; 105°17’07.89 W 

Elevation 568 m 

8 120x110 
52°51’31.63 N; 105°18’24.95 W 

Elevation 537 m 

9 55x31 
52°52’01.26 N; 105°18’01.09 W 

Elevation 565 m 

Natural 

10 105x140 
52°59’33.42 N: 105°15’12.67 W 

Elevation 448 m 

11 85x110 
53°03’41.96 N; 105°08’49.12 W 

Elevation 449 m 

12 27x50 
53°03’59.60 N; 105°08’58.11 W 

Elevation 451 m 

13 18x22 
52°44’36.52 N; 105°21’00.19 W 

Elevation 576 m 

14 105x85 
52°38’21.48 N; 105°23’44.57 W 

Elevation 583 

15 48x99 
53°06’50.44 N; 105°43’06.98 W 

Elevation 449 m 

16 44x21 
53°07’54.90 N; 105°43’46.34 W 

Elevation 447 m 

17 144x133 
53°08’33.19 N; 105°43’36.92 W 

Elevation 445 m 

18 20x45 
53°09’30.00 N; 105°41’13.45 W 

Elevation 448 m 
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natural variations in hydrological status and connectivity during the study period. 

Nonetheless, this study expects to shed light on the outcomes of passive wetland 

vegetation restoration and the role of the seed banks in these PPR wetlands. 

2.2  Methods 

2.2.1  Vegetation  

It was observed in the field that vegetation of the wetlands showed three 

concentric zones, following the soil moisture gradient. It was hypothesized that the zones 

might respond differently to drainage due to the hydrology, different degrees of isolation 

from the surrounding upland vegetation, and possible differential exposure to 

disturbance. Therefore, the vegetation sampling was stratified according to the observed 

concentric vegetation zones of the wetlands (Figures 2.3 and 2.4). Daubenmire canopy 

cover estimates (Daubenmire 1959) were made in 10-20 randomly located 0.5 m
2
 

quadrats/zone/wetland. Plants in each quadrat were identified to species, with the 

exception of tiny seedlings. To minimize the subjectivity associated with visual 

estimates, cover values were assigned as ranges: 1= <5%, 2 = 5%-25%, 3 = 26%-50%, 4 

= 51%-75%, and 5 = 76%-100% cover. The midpoints of each cover class were then 

added and averaged over the number of quadrats sampled to obtain a mean cover value 

for each species in each of the three vegetation zones, and also for each wetland as a 

whole. Nomenclature throughout the thesis follows Agriculture Canada Budd’s Flora of 

the Canadian Prairie Provinces (1979) or the Flora of Alberta (Moss 1994) if that species 

was not listed in Budd’s Flora. Full taxon names, including authors, are listed in 

Appendix A. 
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Figure 2.3. Example of zonation in a naturally drawn-down wetland (Put May 2001; 

original in colour). 
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Figure 2.4. Methodology used for assessing the Restored and Natural wetlands in central 

Saskatchewan. The diagram shows the concentric vegetation zones (Center zone, Inner-

Typha zone, Typha zone) in the wetlands. 
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 Due to a cold spring followed by very dry conditions in 2002, vegetation 

sampling was delayed until August/September following late precipitation events and 

rapid vegetation recovery. Given the density of the vegetation, cover values 

underestimated the abundance of low-growing or smaller-statured species hidden by 

upper canopy layers.   

2.2.2  Substrate Samples for Seed Bank Assays 

Substrate samples, each approximately 1000 ml, were collected between October  

and November 2001, by either pressing a tin can into the soil to a depth of 18 cm or using 

a spade to remove a soil core. At least 15 randomly-located samples were collected from 

each vegetation zone (Figure 2.4). Each sample was sieved to remove roots, stems, and 

other large organic or inorganic debris (Pederson 1981; Shipley and Parent 1991). All 

samples from a zone were then combined and mixed thoroughly to form a composite seed 

bank sample and minimize the effects of the spatial variability typical within seed banks 

(van der Valk and Davis 1976, 1978; Brown 1998; van der Valk 1981, 2000).   

The samples were stored in dark plastic bags in an unheated building for almost 

two months at temperatures below 0
o
C, and then thawed for several days at room 

temperature. At this point subsamples for the seed assay were removed, as described 

below. The remaining material was then placed in a freezer (approximately -18
o
C) to 

simulate vernalization that occurs during the winter in natural systems (Galinato and van 

der Valk 1986; van der Valk 1986; Leck 1996; Brown 1998). During the late winter, 

spring, and summer of 2002, the seed banks of the three vegetation zones in each wetland 

were characterized in two ways, by counting the seeds in a volume of substrate (seed 

assay) and by counting the seedlings that germinated (seedling assay), according to the 
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methods of van der Valk and Rosburg (1997). 

Seed assay  

Three 30 ml subsamples were randomly collected from each seed bank sample 

and washed through Tyler sieves (2.0 and 0.125 mm openings) to remove coarse debris 

and fine silt. All viable seeds, as determined by the presence of an intact germ based on 

visual inspection, were collected, dried, identified, and counted under a dissecting 

microscope. Seeds were identified to species whenever possible, or at minimum to genus 

(e.g. Carex, Chenopodium, Eleocharis, Ranunculus, etc.), using two seed identification 

guides (Martin and Barkley 1961; Montgomery 1977). Unidentifiable seeds were initially 

lumped into the category “unknown”, but were eventually excluded from the analysis, as 

discussed in Chapter 4. The number of seeds was multiplied by a constant in order to 

derive the number of seeds per 250 ml to compare directly with seedling counts. An 

average abundance for each taxon was then calculated for each wetland.  

Seedling assay 

Single 1000 ml subsamples were randomly collected from each seed bank sample 

from each vegetation zone for each wetland and well blended. The subsamples were 

divided into four 250 ml replicates. Two replicates were exposed to flooded conditions 

and two were exposed to saturated conditions. The total number of seedling assays was 

216 (18 wetlands x 3 zones x 2 germination conditions x 2 replicates). The different 

conditions were imposed to stimulate the germination of as many seeds as possible due to 

different seasonal dormancy and germination patterns. Each replicate was layered ~2 cm 

deep over ~2 cm sterilized sand in a section of a Tupperware flat separated by puckboard 

barriers that allowed water equilibration but prevented movement of the sample  
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(Figure 2.5). The flats were placed in a fully randomized design in the laboratory, and 

shifted randomly bi-weekly to ensure all samples experienced similar temperature and 

lighting conditions over time. Flooded replicates were mist-watered to achieve a standing 

water depth of approximately 2-4 cm above the soil surface was achieved. Saturated 

replicates were mist-watered until a slight pool of water on the surface indicated field 

capacity. All samples were watered with water from the City of Melfort’s water treatment 

plant (maintained at room temperature in large cisterns to allow chlorine to volatize). 

Samples were exposed to an alternating dark/light photoperiod of 12-14 hour intervals 

under grow lights equivalent to 485 Watts to simulate full sunlight (irradiance 450 w/m
2
; 

illumination 108,000 lux; energy 2000 µmol/m
2
/s). Temperatures fluctuated from  

25-35°C and 10-15°C in light and dark conditions respectively to simulate typical 

growing season temperatures in the PPR. Fans ensured consistent temperatures and 

humidity levels to reduce seedling damp-off where fungal contaminations cause plants to 

collapse (van der Valk pers. comm. 2001). Newly-germinated seedlings were counted 

weekly and left undisturbed until they were identifiable to species or at minimum genus 

level. Seedlings that succumbed to natural mortality before a positive identification could 

be made were gently extracted from the substrate and excluded from the analyses 

(Thompson and Grime 1979). The seedling assays were maintained for eight months 

from January 2002 to August 2002. Towards the termination date, replicates were 

periodically allowed to dry out and photoperiods and temperatures were varied to try to 

break the dormancy of any remaining seeds within the seed banks (Haag 1983). A final 

vernalization attempt of complete drawdown to dry soils for several days, followed by 

two weeks with fluctuating water levels and photoperiods, did not trigger further  
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Figure 2.5. Laboratory setup showing the flooded replicates (Put 2002; original in 

colour). 
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germination. Seedling taxa abundances were calculated for each replicate and then 

averaged per zone. For example, if 2 seedlings of taxon A germinated in replicate 

Flooded-1, 5 seedlings in Flooded-2, 2 seedlings in Drawdown-1, and 0 seedlings in 

Drawdown-2, then the mean abundance of species A for that zone was 2.25 individuals: 

mean  =  (2+5+2+0) / 4 =  2.25. 

2.3  Comparison of Restored and Natural wetlands 

Average percentage values of vegetation cover, seed bank abundance, and 

seedling abundance were calculated for each taxon found in each wetland as a whole and 

for the individual zones of each wetland. These values were used in a Principal 

Components Analysis (PCA) (CANOCO: http://www.pri.wur.nl/UK/products/Canoco/) 

to determine the relationships among the wetlands (ter Braak 1996). Gradient lengths 

were checked, and it was determined that PCA was appropriate. Percentage values were 

used in order to focus on floristic composition differences. Results of the PCAs are 

presented as biplots of the first two principal components (PC 1 and PC 2). The variance 

explained by PC 1 and PC 2 is given in the figure legends. Natural wetlands (n=9) are 

denoted with circles and Restored wetlands (n=9) with diamonds, with the wetland 

number next to the symbol. The vector lines representing taxon loadings on the first two 

principal components are not shown, as doing so made the plots too difficult to read; but 

the endpoint of the vector is indicated using the full or abbreviated taxon name. The list 

of abbreviations and full Latin names is in Appendix A. Taxa are identified by Latin 

names in the results and discussion.   

When possible, the following diversity indicators were calculated for each 

wetland using the online multivariate statistical package PAST 
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(http://folk.uio.no/ohammer/past/): 

• Taxon richness (S) is the number of taxa in a sample.  

• Abundance (density) is the number of seeds or seedlings in a sample. 

• Simpson’s Index of Diversity (1 – D) is a measure of dominance, where  

D=∑  (n/N)
2
, n = the total number of organisms of a particular taxon, and N = the 

total number of individuals of all taxa. The value of this index ranges between 0 and 

1, and a greater value reflects greater sample diversity.  

• Evenness (E) is a measure of  how equal the community is numerically, where  

E = H/log(S). H = the Shannon diversity index and S = species richness. 

A t-test determined whether the means of the Restored wetland group and the Natural 

wetland group were significantly different (2-tailed t-test, assuming unequal variances, 

H0 rejected if α < 0.10). A Mann-Whitney U-test was also used, given the small sample 

sizes and non-normal distributions, and similar results were obtained. 
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3.  COMPARISON OF THE VEGETATION OF RESTORED AND NATURAL 

WETLANDS 

3.1  Results of the principal components analyses (PCA) 

3.1.1  Wetlands 

Figure 3.1 shows the PCA using mean cover data for each wetland as a whole (i.e. 

means were calculated using the cover values from each of the quadrats in that wetland). 

The Natural wetlands are distributed in the lower half of the biplot, while the Restored 

wetlands are clustered towards the upper part. This indicates that the vegetation of the 

Restored wetlands was generally dissimilar to the Natural wetlands almost a decade after 

water levels were reestablished. The Natural sites were characterized by several obligate 

wetland taxa including Carex, Scirpus, Glyceria striata, Calamagrostis canadensis, 

Juncus balticus, and Typha. The Restored wetlands were distinguished especially by 

native annuals including Rorippa islandica and Bidens cernua, as well as non-native taxa 

such as Trifolium hybridum, Melilotus officinalis, and Brassica kaber.  

3.1.2  Center zone 

When just the vegetation data from the Center zones of the wetlands were used in 

the ordination, the Natural and Restored wetlands also generally segregated into two 

separate groups with the exception of Natural wetland 10 (Figure 3.2). However, seven of 

the Restored wetlands fall very close to two of the Natural wetlands, suggesting some 

overlap. The Natural wetlands were distinguished by Chenopodium, Aster, Calamagrostis 

canadensis, Scirpus, Carex, Polygonum, Hordeum jubatum, Juncus balticus, Sonchus 

arvensis, and Artemisia biennis. A number of these are disturbance indicators, while 
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Figure 3.1. Results of the PCA using mean percentage cover data for the vegetation of 

entire wetlands (original in colour).  

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 30.6% of the 

variance, and PC 2 explains 16.4% (total 47.0%).  
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Figure 3.2. Results of the PCA using mean percentage cover data for the vegetation of 

Center zones (original in colour).  

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 31.7% of the 

variance, and PC 2 explains 29.3% (total 61.0%). 
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others are obligate wetland taxa (http://plants.usda.gov/wetinfo.html#n32_categories; 

retrieved September 2012). Again, several non-native taxa characterize the Restored 

wetlands group. 

3.1.3  Inner-Typha zone 

The PCA results using taxa cover data from the Inner-Typha zone show that the 

Restored and Natural wetlands generally segregate into two groups, although Natural 

wetland 11 occurs with the Restored group (Figure 3.3). Retored wetland 5, with high 

levels of Rumex, is an outlier from the Restored group. Natural wetlands 13 and 17 occur 

apart from the main group of Natural wetlands. Overall, however, the two groups are not 

distinct from each other. 

3.1.4  Typha zone 

In the Typha zone (Figure 3.4), there is a distinction between the Natural and 

Restored wetlands, but again with some overlap. Natural wetland 17 is a strong outlier, 

associated with a high abundance of wetland Carex. Obligate wetland taxa such as  

Typha, Juncus balticus, and Carex were more important in the Natural wetlands. In 

particular, the abundance of Typha pulls many of the Natural wetlands away from the rest 

of the wetlands. Taxa that tend to colonize openings on mudflats, including Ranunculus, 

Potentilla, Agrostis scabra, Hordeum jubatum, Brassica kaber and Alopecuris aequalis, 

characterize the outer zone of the Restored wetlands. The Restored wetlands also had 

many non-native taxa in this zone. Restored wetlands 1 and 4 occur with the Natural 

group. As was the case with the other zones, Restored wetland 5 is an outlier from the 

rest of the group. The ordination suggests the vegetation communities of the two groups 

are different. 
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Figure 3.3. Results of the PCA using mean percentage cover data for the vegetation of 

Inner-Typha zones (original in colour).  

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 36.3% of the 

variance, and PC 2 explains 17.8% (total 54.1%). 
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Figure 3.4. Results of the PCA using mean percentage cover data for the vegetation of 

Typha zones (original in colour).  

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 40.1% of the 

variance, and PC 2 explains 20.7% (total 60.8%).
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3.2  Taxa and richness comparisons  

The results of the Richness comparison are shown in Table 3.1. The richness of 

Restored wetlands was significantly greater than that of Natural wetlands. There were 

essentially equal numbers of annuals and perennials among the dominant taxa in the 

Restored and Natural wetlands (Table 3.2), but more non-native taxa in the Restored 

wetlands (Figure 3.5). Twenty-three taxa, of which twelve were non-native, occurred in 

the Restored wetlands but not in the Natural wetlands. In contrast, Scolochloa festucacea 

was the single species that occurred in the Natural wetlands but not in the Restored 

wetlands. Thirty-two taxa, out of a total of 57 found in the plant communty, were 

common to both groups. Among the twenty dominant taxa, on the basis of mean cover 

values, in the Restored and Natural wetlands (Table 3.3, Figure 3.6), thirteen taxa were 

common to both groups but were not necessarily of equivalent importance. Rumex was 

dominant in both groups of wetlands with an average cover value of 20%. A few other 

taxa showed similar average cover values in both groups, including Ranunculus and 

Polygonum aviculare. Chenopodium had a high average cover value in Natural wetlands, 

but not in the Restored wetlands. Typha and Carex had higher average cover values in the 

Natural wetlands. Given the challenge/difficulty of identifying Typha to species, as well 

as its propensity to hybridize, Typha was for the purposes of this study left classified as a 

native taxon rather than non-native. These results indicate that Restored wetlands are 

more likely to be characterized by annual, invasive, and non-native species than are 

Natural wetlands. 

3.3  Summary  

The vegetation of Restored and Natural wetlands is generally distinct, particularly  
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Table 3.1. Comparison of Richness between the Restored and Natural wetland groups. 

Note: Values indicate the average number of taxa (lumped according to the taxa 

identifications) found in all of the quadrats in each wetland.  

p (same mean) = probability that the means are not different, H0 rejected if p  < 0.10, 

two-tailed t-test, unequal variances assumed. 

Restored 

p (same mean) 
Wetland 1 2 3 4 5 6 7 8 9 Mean 

Number 

of taxa 

33 25 31 32 23 29 27 16 26 26.89 0.00006 

 

Natural 

Wetland 10 11 12 13 14 15 16 17 18 Mean 

Number 

of taxa 

22 12 13 17 10 11 17 16 15 14.78 
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Table 3.2. Taxa found in the vegetation of Restored and Natural wetlands. 

Note: “X” indicates presence in the type of wetland, * indicates non-native species. Life 

forms: P = perennial, A = annual, B = biennial. 

Vegetation 

Taxon Restored Natural Life form 

Achillea sibirica X X P 

Agropyron repens * X X P 

Agrostis scabra X  P 

Alopecurus aequalis X X P/A 

Amaranthus retroflexus * X X A 

Artemisia biennis * X X A/B  

Aster X X P 

Atriplex patula  X  A 

Beckmannia syzigachne X X A 

Bidens cernua  X X A 

Brassica kaber * X X A  

Bromus ciliatus X X P 

Calamagrostis canadensis X X P 

Calamagrostis inexpansa  X  P 

Carex X X P 

Chenopodium X  A 

Cirsium arvense * X X P  

Cirsium muticum X  B 

Deschampsia caespitosa X X P 

Distichlis stricta  X  P 

Epilobium ciliatum X  P 

Equisetum palustre X  P 

Erigeron X X P 

Galium X X P 

Glyceria striata X X P 

Hordeum jubatum X X P 

Juncus X X P 

Lathyrus palustris X  P 

Matricaria matricarioides * X  A  

Medicago sativa * X  P  

Melilotus officinalis * X  A/B  

Mentha arvensis  X X P 

Muhlenbergia richardsonis X  P 
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Vegetation 

Taxon Restored Natural Life form 

Phalaris arundinacea  X  P 

Plantago eriopoda  X  P 

Poa palustris  X  P 

Polygonum X X P/A 

Potamogeton X X P 

Potentilla X X P/A/B 

Puccinellia nuttalliana X  P 

Ranunculus X X A/P 

Rorippa islandica X X A/B 

Rumex X X A/P 

Salix X  P 

Scirpus X X P 

Scolochloa festucacea   X P 

Senecio congestus  X X P 

Sium suave  X  P 

Sonchus arvensis * X  P  

Stachys palustris X  P 

Suaeda depressa X X A 

Taraxacum officinale  * X X P  

Thlaspi arvense * X  A  

Trifolium hybridum * X  P/B  

Triglochin maritima X  P 

Typha X X P 

Urtica dioica X X P 

Total taxa 56 33  
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Figure 3.5. Mean percent vegetation cover of non-native taxa in Restored and Natural 

wetlands. The bars indicate the 90% confidence interval.
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Table 3.3. Twenty taxa with the highest average cover values (%) in the Restored and 

Natural wetlands. 

Note: * Indicates non-native taxa. 

Wetlands 

Restored Natural 

Taxon Average cover 

value (%) 

Taxon Average cover 

value (%) 

Rumex 20.84 Rumex 19.44 

Alopecurus aequalis 9.49 Chenopodium 17.90 

Hordeum jubatum 8.53 Carex 10.19 

Chenopodium 6.85 Typha 9.88 

Melilotus officinale * 6.14 Polygonum 8.91 

Ranunculus 5.91 Ranunculus 5.67 

Beckmannia syzigachne 5.70 Beckmannia syzigachne 5.42 

Typha 5.57 Scirpus 4.78 

Polygonum 5.24 Sonchus arvensis * 4.67 

Trifolium hybridum * 4.95 Hordeum jubatum 2.72 

Rorippa islandica 3.48 Urtica dioica 2.17 

Carex 3.19 Senecio congestus 1.72 

Urtica dioica 2.36 Aster 1.62 

Agrostis scabra 2.09 Juncus balticus 1.47 

Brassica kaber * 1.86 Alopecurus aequalis 1.03 

Scirpus 1.83 Rorippa islandica 0.91 

Cirsium arvense * 0.98 Calamagrostis canadensis 0.86 

Sonchus arvensis * 0.89 Deschampsia caespitosa 0.74 

Phalaris arundinacea 0.88 Erigeron canadensis 0.73 

Bidens cernua 0.86 Asclepias incarnata 0.54 
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Figure 3.6. Comparison of the ten taxa with the highest cover values in Restored and 

Natural wetlands (original in colour).
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similar to those of other studies as discussed in Chapter 1 (Adams 1963; van der Valk and 

Davis  1978; Dunn and Best 1983; Keddy 1999; Casanova and Brock 2000; Murkin et al. 

2000; Aboughendia 2001), which showed that extreme drawdown, such as that 

experienced by the Restored wetlands, has long-term effects on wetland vegetation. The 

Restored wetlands had many more disturbance-type taxa, indicating the susceptibility of 

drained wetlands to invasion by disturbance-type taxa. The null hypothesis, that the 

vegetation of Restored and Natural wetlands was similar, was rejected for the wetlands as 

a whole and for all three zones; but there was overlap among the two groups. The taxa 

richness was significantly greater in the Restored wetlands; field observations and Table 

3.2 suggest this is due in large part to many disturbance-type taxa. In summary, although 

many taxa occur in common between the two groups, the vegetation of Restored wetlands 

is generally different from that of Natural wetlands a decade after water flow was 

reestablished. However, the results also suggest that Restored wetlands are beginning to 

develop typical wetland vegetation zonation but are plagued by disturbance-type species. 
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4.  COMPARISON OF THE SEEDS IN THE SEED BANKS OF RESTORED AND 

NATURAL WETLANDS 

4.1  Results of the principal components analyses (PCA) 

4.1.1  Wetlands 

Figure 4.1 shows the PCA results when the seed bank of each wetland is 

considered in their entirety, i.e. with all zones included. Restored wetland 8 and Natural 

wetlands 11, 14, and 15 are outliers, but the rest of the wetlands cluster quite closely 

together. The large number of taxa that characterize the cluster includes typical wetland 

taxa as well as a number of non-native taxa, although some obligate wetland taxa such as 

Juncus balticus and Typha pull many of the Natural wetlands away from the center of the 

group. These results indicate that the seed banks cannot account for the differences in the 

vegetation of Restored and Natural wetlands. There is not a clear distinction between the 

seed banks of Restored and Natural wetlands, suggesting they are fairly similar. 

4.1.2  Center zone 

Most of the Restored wetlands seed banks were similar in the Center zone (Figure 

4.2), but Restored wetlands 3 and 4 were both strong outliers. These two wetlands were 

severely pugged (deep pockets in the soil and small hummocks caused by cattle hoof 

action in wet soils); and they were the only Restored sites that were bordered by shrubby 

Salix, indicating longer flooded conditions. While there is some overlap between 

Restored and Natural wetlands, only five Restored and three Natural wetlands occur 

closely together in the ordination. This group is characterized by a number of obligate 

wetland taxa. The rest of the Natural wetlands are dispersed. The results suggest more 

variation among individual wetlands in the seed banks of the Center zone than is seen 
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Figure 4.1. Results of the PCA using seed bank abundances (percentages for each taxon) 

for entire wetlands (original in colour).   

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 36.5% of the 

variance, and PC 2 explains 24.8% (total 61.3%). 
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Figure 4.2. Results of the PCA using seed bank abundances (percentages for each taxon) 

for Center zones (original in colour).   

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 42.6% of the 

variance, and PC 2 explains 18.6% (total 61.2%). 
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in the wetlands as a whole, and reflects the differences seen in the vegetation of this zone. 

This zone is the “heart” of the wetlands, and perhaps the group that clustered together is a 

group that generally had deeper water depths over the long term producing seed banks 

that better reflect typical wetland vegetation. Since there is not a clear distinction between 

the two groups, it is concluded that there is little difference between them. 

4.1.3  Inner-Typha zone 

The ordination of the Inner-Typha zone (Figure 4.3) indicates somewhat greater 

distinction between the Restored and Natural groups than is seen in the Center zone. All 

of the Restored wetlands except  Restored wetland 8 cluster together, but there is overlap 

with four Natural wetlands; the cluster is characterized by both obligate wetland taxa and 

disturbance-type taxa such as Artemisia biennis, Alopecurus aequalis, Brassica kaber, 

etc. A somewhat larger cluster includes all but two Natural wetlands and one Restored 

wetland. The lack of distinction between the two groups suggests that there is little 

difference between them.  

4.1.4  Typha zone 

The results for the Typha zone (Figure 4.4) show there is not a clear distinction 

between the Restored and Natural wetland seed banks, although the Restored wetlands 

are mainly on the right side of the diagram and the Natural mainly on the left. Since the 

two groups of wetlands do not form different clusters, it is concluded that there is little 

difference between them.   

4.2  Taxa and diversity indicators comparisons 

The results of the diversity indicators comparisons are shown in Table 4.1. 

Natural wetlands had a significantly greater number of seeds than Restored wetlands. 
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Figure 4.3. Results of the PCA using seed bank abundances (percentages for each taxon)  

for Inner-Typha zones (original in colour). 

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviated name; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 34.0% of the 

variance, and PC 2 explains 24.8% (total 58.8%). 
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Figure 4.4. Results of the PCA using seed bank abundances (percentages for each taxon) 

for Typha zones of the wetlands (original in colour). 

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviated name; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 28.5% of the 

variance, and PC 2 explains 21.9% (total 50.4%).
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Table 4.1. Comparison of the diversity indicators for the seed banks of Restored and Natural wetlands.   

Note: p (same mean) = probability that the means are not different, H0 rejected if p < 0.10, two-tailed t-test, unequal variances 

assumed. 

Restored 

p (same mean) 

Wetland 1 2 3 4 5 6 7 8 9 Mean 

Richness 43 40 33 35 45 41 30 43 35 38.3 0.27 

# seeds 1347.5 1480.7 934.7 1532.7 1319.0 2111.0 927.0 9665.3 1373.1 2299.0 0.08 

Simpson’s 

Index of 

Diversity 

0.891 0.897 0.717 0.853 0.873 0.833 0.870 0.300 0.913 0.794 0.72 

Evenness 0.359 0.344 0.233 0.302 0.295 0.256 0.412 0.054 0.463 0.302 0.14 

Natural 

Wetland 10 11 12 13 14 15 16 17 18 Mean 

Richness 39 37 37 43 37 33 23 38 38 36.1 

# seeds 3068.2 4349.2 5285.9 5425.2 6429.0 2761.0 2390.6 4288.4 4350.6 4260.9 

Simpson’s 

Index of 

Diversity 

0.890 0.780 0.801 0.825 0.553 0.578 0.801 0.867 0.800 0.766 

Evenness 0.343 0.233 0.210 0.261 0.105 0.134 0.245 0.307 0.221 0.229 
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Evenness was greater for the Restored wetlands, but not significantly so.  

Fifteen taxa, of which six were non-native, occurred in the Restored wetlands but 

not in the Natural wetlands (Table 4.2). Ten taxa that occurred in the Natural wetlands 

did not occur in the Restored group, and only two of those were non-native species. A 

much larger percentage of total seeds in Restored wetlands were from non-native taxa, as 

compared to Natural wetlands (Figure 4.5).  Fifty-eight taxa, out of a total of 83 taxa 

found in all of the seed banks, were common to both groups. The life form (annual, 

biennial, or perennial) of each taxon is indicated. 

Dunn and Best (1983) estimated the overall influence or importance of a taxon in 

a seed bank assay by assigning a modified importance value to each. The mean number 

(density) of seeds from individual taxa in each of the two treatments is first calculated. 

Then, the importance value is calculated by adding the relative density and relative 

frequency (number of samples in which seeds of that taxon occurred) for each species.  

Relative density is defined as “the density of the species divided by the sum of all 

densities” and relative frequency is defined as “the frequency of occurrence of the species 

divided by the sum of all species frequencies”. Because maximum relative density is 100 

and maximum relative frequency is 100, the importance value for a taxon is between 0 

and 200. The twenty dominant taxa, on the basis of their importance values, are listed in 

Table 4.3; and Restored and Natural wetlands are compared in terms of the ten dominant 

taxa in Figure 4.6. The null hypothesis, that the seed banks have taxa represented 

similarly as in the vegetation, is rejected. Rorippa islandica was the most important taxon 

in the Restored wetlands, with an importance value of nearly 45; this mudflat species was 

not highly represented in the Natural wetlands. In the Natural wetlands, Chenopodium 
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Table 4.2. Taxa found in the seed banks of Restored and Natural wetlands. 

Note: “X” indicates presence in the type of wetland, * indicates non-native species. Life 

forms P = perennial, A = annual, B = biennial. 

Seeds 

Taxon Restored Natural Life form 

Agropyron repens * X  P 

Agropyron trachycaulum  X P 

Agrostis scabra X  P 

Alisma gramineum  X P 

Alopecurus aequalis X X P/A 

Amaranthus retroflexus * X X A 

Artemisia biennis * X X A/B  

Aster X X P 

Atriplex patula  X X A 

Beckmannia syzigachne  X X A 

Bidens cernua X X A 

Brassica kaber * X X A  

Calamagrostis canadensis X X P 

Campanula aparinoides X X P 

Cardamine pensylvanica  X B 

Carex X X P 

Ceratophyllum demersum X X P 

Chenopodium X X A 

Cicuta bulbifera X X P 

Cirsium arvense * X X P  

Deschampsia caespitosa  X X P 

Distichlis stricta X  P 

Echinochloa crusgallii*  X A  

Eleocharis X X A/P 

Erigeron X X P 

Festuca rubra * X  P 

Galeopsis tetrahit X  A 

Galium X X P 

Geranium bicknellii X  P 

Geum aleppicum  X P 

Glyceria striata X X P 

Gnaphalium palustre X X P 

Grindelia squarrosa X X B/P 

Helenium autumnale  X P 
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Seeds 

Taxon Restored Natural Life form 

Hippurus vulgaris X X P 

Hordeum jubatum X X P 

Juncus X X P 

Luzula parviflora  X P 

Lycopus asper X X P 

Melilotus officinale * X  P  

Mentha arvensis X X P 

Monarda fistulosa X X P 

Myriophyllum exalbescens X X P 

Najas flexilis X X P 

Petasites sagittatus  X  P 

Phalaris arundinacea X X P 

Plantago eriopoda X X P 

Poa compressa * X  P  

Poa palustris X X P 

Poa pratensis X X P 

Polygonum X X P/A 

Portulaca oleracea * X X A  

Potamogeton X X P 

Potentilla X X P/A/B 

Prunella vulgaris * X  P 

Ranunculus X X A/P 

Rorippa islandica  X X A 

Rubus pubescens X  P 

Rumex X X A/P 

Sagittaria cuneata X X P 

Salsola pestifer *  X A  

Scirpus X X P 

Scolochloa festucacea  X X P 

Scutellaria galericulata X X P 

Senecio congestus X X P 

Senecio pauperculus X X P 

Sium suave  X X P 

Smilacina stellata X X P 

Solidago  X P 

Sonchus arvensis * X X P  

Sparganium eurycarpum X X P 

Spartina gracilis X X P 

Stachys palustris X X P 

Suaeda depressa  X A 
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Seeds 

Taxon Restored Natural Life form 

Taraxacum officinale * X X P  

Thlaspi arvense * X X A  

Trifolium hybridum * X  P/B  

Typha X X P 

Urtica dioica X X P 

Utricularia vulgaris X  P 

Vicia americana  X  P 

Viola cucullata X  P 

Zannichellia palustris X X P 

Total taxa 73 68  
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Figure 4.5. Percentage of the total number of seeds from non-native taxa in Restored and 

Natural wetlands. The bars indicate the 90% confidence interval.
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Table 4.3. Importance values of the twenty taxa with the highest importance values in the 

Restored and Natural wetland seed banks.   

Note: * indicates taxa that occur in only Restored or only Natural wetland seed banks.   

Restored Natural 

Taxon Importance 

value 

Taxon Importance 

value 

Rorippa islandica 44.59 Chenopodium 33.81 

Rumex 14.12 Ranunculus 21.62 

Beckmannia syzigachne 8.17 Rumex 11.94 

Ranunculus 8.05 Typha 11.79 

Brassica kaber 6.79 Zannichellia palustris 11.58 

Typha 6.15 Scirpus 6.66 

Carex 5.63 Potamogeton 6.63 

Chenopodium 5.18 Sparganium eurycarpum 5.87 

Glyceria striata 4.92 Carex 5.30 

Eleocharis 4.21 Beckmannia syzigachne 5.00 

Alopecurus aequalis 4.12 Potentilla 4.68 

Potamogeton 3.98 Polygonum 4.29 

Potentilla 3.90 Brassica kaber 3.27 

Polygonum 3.51 Sonchus arvensis 3.15 

Mentha arvensis 3.43 Alopecurus aequalis 2.99 

Scirpus 3.31 Calamagrostis canadensis 2.90 

Calamagrostis canadensis 3.29 Eleocharis 2.79 

Sparganium eurycarpum 3.16 Sium suave 2.79 

Taraxacum officinale 3.12 Mentha arvensis  2.69 

Urtica dioica 3.07 Solidago* 2.64 

Total accounted for by these taxa 

(out of 200) 

142.7 Total accounted for by these taxa 

(out of 200) 

152.39 
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Figure 4.6. The ten seed bank taxa with the highest importance values in Restored and 

Natural wetlands (original in colour).
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was the taxon with the highest importance value of nearly 34, but it had an importance 

value of only 5 in the Restored wetlands. Ranunculus was also more important in the 

Natural wetlands; but other than these, the importance values of the other taxa are similar 

in the two groups. Fifteen of the 20 most important taxa were common to both the 

Restored and Natural wetlands. 

4.3  Summary 

The Restored and Natural wetlands did not segregate on the basis of seed 

abundances (expressed as percentages) in the PCAs in the entire wetlands or in the 

individual zones; therefore it is assumed that the two groups were not different. The two 

groups were not significantly different in terms of Richness and Simpson’s Index of 

Diversity. However, the Natural wetlands had significantly greater number of seeds and 

close to significantly lower Evenness. The taxa in the seed banks were not represented in 

similar concentrations as the vegetation would suggest, and therefore the null hypothesis 

was rejected. 

On the one hand, these results are surprising given that the two groups of 

wetlands did segregate more on the basis of vegetation, and the seed bank is a product of 

the vegetation. However, the fact that many wetland taxa were found in the seed banks of 

Restored and Natural wetlands, in many cases with similar abundances, indicates that the 

seed banks of the Restored wetlands include at least in part seeds remaining from before 

the wetlands were drained in the 1970s. The persistence of seed banks for long periods of 

time such that they archive the ecological history of a wetland area was demonstrated by 

other studies (Dunn and Best 1983; van der Valk and Davis 1979; Pederson and van der 

Valk 1984; Siegley et al. 1988; Wilson et al. 1993; de Winton et al. 2000; Chang et al. 
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2001). Wetzel et al. (2001) reported similar representation by wetland vegetation species 

in the seed banks of former wetland sites such as was found here. Existing vegetation 

communities of a wetland often are not reflective of current environmental conditions, 

but rather are a lagged response to historical events and the resultant recruitment of 

species from the seed bank (Werner and Platt 1976).  

The higher number of seeds in Natural wetlands suggests the depletion of the seed 

bank over time following drainage, as the Restored wetlands experienced for two 

decades. The somewhat higher Evenness of the Natural wetlands likely results from the 

number of weedy taxa in the Restored wetlands that were not found in the Natural ones. 

Van der Valk and Davis (1976, 1978, 1979) found that remnant wetland seed 

banks can ensure the long-term survival of prairie wetlands through drought cycles. The 

similarities among the seed banks of the wetlands in this study provides an optimistic 

assessment of the ability of the Restored sites to recover natural wetland vegetation over 

the long term, even in the absence of active restoration efforts. The importance of non-

native taxa in the seed banks of the Restored wetlands indicates that disturbance-type 

taxa may continue to be problematic for some time. However, the vegetation results 

suggest that once wetland communities establish the importance of the non-native taxa 

will diminish. 
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5.  COMPARISON OF THE SEEDLINGS GERMINATING FROM THE SEED 

BANKS OF RESTORED AND NATURAL WETLANDS 

5.1  Results of the principal components analyses (PCA) 

5.1.1  Wetlands 

The results using the pooled data from all three zones of each wetland are shown 

in Figure 5.1. With the exception of Natural wetland 17, the Natural and Restored 

wetlands segregate as distinct groups for the most part. The Restored wetlands are 

characterized by more Typha seedlings and especially more non-natives and disturbance-

type taxa. Some obligate wetland taxa, including Scirpus, Juncus balticus, and Phalaris 

arundinacea pull the Natural wetlands away from the Restored group. There is more 

diversity among the Natural wetlands.  

5.1.2  Center zone 

Figure 5.2 shows the PCA results for the seedlings that germinated from the seed 

bank samples from the Center zones of the wetlands. While there is some segregation 

between the Restored and Natural wetland groups, there is more overlap than seen when 

the entire wetlands were considered. While the separation is less obvious, it appears that 

there is more diversity among wetlands in the Center zone in general.  

5.1.3  Inner-Typha zone  

   The PCA results for the seedlings from the Inner-Typha zone (Figure 5.3) show a 

tight cluster of all of the Restored wetlands with the exception of Restored wetlands 4 

and 8. There is some overlap between the two groups of wetlands, but it is cautiously 

suggested that the groups are different. 
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Figure 5.1. Results of the PCA using seedling abundances (percentages for each taxon) 

for entire wetlands (original in colour).   

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 31.9% of the 

variance, and PC 2 explains 22.8% (total 54.7%). 
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Figure 5.2. Results of the PCA using seedling abundances (percentages for each taxon) 

for Center zones (original in colour).   

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 35.4% of the 

variance, and PC 2 explains 23.2% (total 58.5%). 
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Figure 5.3. Results of the PCA using seedling abundances (percentages for each taxon) 

for Inner-Typha zones (original in colour).   

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 28.5% of the 

variance, and PC 2 explains 20.8% (total 49.3%). 

5.1.4  Typha zone 
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Restored and Natural wetlands segregate in the Typha zone (Figure 5.4). 

Interestingly, Typha is an important taxa pulling the Restored wetlands. More diversity is 

seen among the Natural than among the Restored wetlands.  

 5.2  Taxa and diversity indicators comparison 

When diversity indicators are compared for the seedlings germinating from 

Restored and Natural wetlands (Table 5.1), the Restored wetlands had significantly 

greater richness. This is also indicated in Table 5.2, showing the taxa found among the 

seedlings. Seventeen taxa, of which three were non-native, occurred only in the Restored 

wetlands. Seven taxa were found only in the Natural wetlands, of which two were non-

native. As with the seeds, Restored wetlands had a much higher proportion of seedlings 

that were non-native taxa compared to Natural wetlands (Figure 5.5). In total, 44 taxa 

were found among the seedlings, of which only 21 occurred in both Natural and Restored 

seedlings. When importance values were calculated, twelve of the twenty most important 

seedling taxa were common to both the Restored and Natural wetlands (Table 5.3). Five 

additional taxa were common to both groups. The ten most important seedling taxa in the 

two wetland groups are shown in Figure 5.6.  

Many fewer taxa were found among the seedlings (45) than were found in the 

seed bank (83) (Table 5.4). Seedlings of nine taxa that germinated were not counted in 

the seed bank. Spatial diversity within seed banks is well documented (van der Valk and 

Davis 1976, 1978; Brown 1998; van der Valk 1981, 2000), and it is clear that the samples 

collected in this study did not successfully capture that diversity. As well, some seedlings 

could be identified to species while the seeds could not be, and vice versa. Nevertheless,  
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Figure 5.4. Results of the PCA using seedling abundances (percentages for each taxon) 

for Typha zones (original in colour).   

Note: Diamonds denote Restored wetlands and circles denote Natural wetlands; the 

wetland number is indicated. Taxa are indicated with an abbreviation; the list of 

abbreviations and full Latin names is in Appendix A. PC 1 explains 28.1% of the 

variance, and PC 2 explains 24.0% (total 52.1%).
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Table 5.1. Comparison of the diversity indicators for the seedlings germinated from the seed banks of Restored and Natural wetlands. 

Note: p (same mean) = probability that the means are not different, H0 rejected if p < 0.10, two-tailed t-test, and unequal variances 

assumed. 

Restored  

p (same 

mean Wetland 1 2 3 4 5 6 7 8 9 Mean 

Richness 13 8 16 20 10 21 13 18 11 14.4 0.06 

# seedlings 36.5 54 52.8 95.3 20.0 125.0 71.5 415.5 18.5 98.8 0.73 

Simpson’s 

Index of 

Diversity 

0.573 0.684 0.809 0.786 0.735 0.859 0.770 0.439 0.804 0.718 0.16 

Evenness 0.315 0.484 0.486 0.351 0.557 0.438 0.490 0.148 0.614 0.431 0.81 

Natural 

Wetland 10 11 12 13 14 15 16 17 18 Mean 

Richness 8 11 16 8 9 2 15 14 9 10.2 

# seedlings 20.5 72.3 246.5 71.0 364.3 2.5 151.8 55.8 87.3 119.1 

Simpson’s 

Index of 

Diversity 

0.715 0.741 0.717 0.568 0.248 0.180 0.661 0.831 0.633 0.588 

Evenness 0.578 0.424 0.288 0.372 0.191 0.692 0.278 0.523 0.385 0.414 
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Table 5.2. Taxa found in the seedlings from the seed banks of Restored and Natural 

wetlands. 

Note: “X” indicates presence in the type of wetland, * indicates non-native species. Life 

forms: P = perennial, A = annual, B = biennial. 

Seedlings 

Taxon Restored Natural Life form 

Agrostis scabra X  P 

Alopecurus aequalis  X  P/A 

Amaranthus retroflexus * X X A 

Anemone canadensis  X  P 

Artemisia biennis * X  A/B  

Atriplex patula  X X A 

Axyris amaranthoides *  X A  

Beckmannia syzigachne  X X A 

Bidens cernua  X X A 

Brassica kaber *  X A  

Carex X X P 

Chenopodium X X A 

Deschampsia caespitosa  X X P 

Elatine triandra  X  A 

Eleocharis X X P 

Elodea canadensis  X  P 

Equisetum palustre X  P 

Erigeron X X P 

Festuca rubra * X X P 

Galium X  P 

Geum aleppicum  X X P 

Juncus  X P 

Kochia scoparia * X  A  

Mentha arvensis X  P 

Myriophyllum exalbescens X X P 

Phalaris arundinacea  X X P 

Physostegia parviflora  X  P 

Plantago eriopoda  X  P 

Poa juncifolia  X  P 

Poa palustris  X P 

Potamogeton X  P 

Potentilla X X P/A/B 
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Seedlings 

Taxon Restored Natural Life form 

Ranunculus X X A/P 

Rorippa islandica  X X A/B 

Rubus pubescens X X P 

Rumex X X A/P 

Scirpus  X P 

Sonchus arvensis * X X P  

Taraxacum officinale * X X P  

Thlaspi arvense * X  A 

Trifolium hybridum * X X P/B  

Typha X  P 

Urtica dioica  X  P 

Zannichellia palustris   X P 

Zygadenus elegans   X P 

Total taxa 38 28  
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Figure 5.5. Percentage of the total number of seedlings from non-native taxa in Restored 

and Natural wetlands. The bars indicate the 90% confidence interval.
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Table 5.3. Importance values of the twenty taxa with the highest importance values in the 

Restored and Natural wetland seedlings. 

Note: * indicates taxa that occur in only the Restored or only the Natural wetland 

seedling assays. 

Restored Natural 

Taxon Importance value Taxon Importance value 

Rorippa islandica 45.28 Chenopodium 59.18 

Rumex 18.00 Ranunculus 32.79 

Atriplex patula 14.97 Rumex 19.22 

Taraxacum officinale 14.77 Rorippa islandica 13.31 

Chenopodium 14.73 Atriplex patula 9.75 

Ranunculus 13.03 Potentilla 8.47 

Trifolium hybridum* 9.16 Erigeron 7.56 

Deschampsia caespitosa 7.95 Taraxacum officinale 6.87 

Carex 7.36 Eleocharis 5.83 

Potentilla 7.07 Carex 5.69 

Beckmannia syzigachne 6.56 Deschampsia caespitosa 5.00 

Erigeron 3.30 Beckmannia syzigachne 3.98 

Bidens cernua* 3.26 Cardamine pensylvanica* 3.97 

Eleocharis 2.84 Phalaris arundinacea* 1.25 

Typha* 2.51 Sonchus arvensis* 1.25 

Festuca rubra* 1.82 Zannichellia palustris* 1.25 

Galium* 1.68 Brassica kaber* 1.18 

Mentha arvensis* 1.68 Zygadenus elegans* 1.18 

Agrostis scabra* 1.65 Axyris amaranthoides* 1.16 

Elatine triandra* 1.65 Poa palustris* 1.13 

Total accounted for by 

these taxa (out of 200) 

179.27 Total accounted for by these 

taxa (out of 200) 

190.02 
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Figure 5.6. The ten seedling taxa with the highest importance values in Restored and 

Natural wetlands (original in colour).
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Table 5.4. Comparison of the taxa identified and counted in the seed bank with those 

identified and counted among the seedlings. 

Note: “X” indicates presence in the assay, * indicates non-native species. 

Assays 

Taxon Seedlings Seed bank 

Agropyron repens* 
 

X 

Agropyron trachycaulus 
 

X 

Agrostis scabra X X 

Alisma gramineum 
 

X 

Alopecuris aequalis X X 

Amaranthus retroflexus* X X 

Anenome canadensis X 
 

Artemisia biennis* X X 

Aster 
 

X 

Atriplex patula X X 

Axyris amaranthoides* X 
 

Beckmannia syzigachne X X 

Biden cernua X X 

Brassica kaber* X X 

Calamagrostis canadensis 
 

X 

Campanula aparinoides 
 

X 

Cardamine pensylvanica 
 

X 

Carex X X 

Ceratophyllum demersum 
 

X 

Chenopodium X X 

Cicuta bulbifera 
 

X 

Cirsium arvense* 
 

X 

Deschampsia caespitosa X X 

Distichlis stricta 
 

X 

Echinochloa crusgallii* 
 

X 

Elatine triandra X 
 

Eleocharis X X 

Elodea canadensis X 
 

Equisetum palustre X 
 

Erigeron X X 

Festuca rubra* X X 

Galeopsis tetrahit 
 

X 

Galium X X 
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Assays 

Taxon Seedlings Seed bank 

Geranium bicknellii 
 

X 

Geum aleppicum X X 

Glyceria striata 
 

X 

Gnaphalium palustre 
 

X 

Grindelia squarrosa 
 

X 

Helenium autumnale 
 

X 

Hippuris vulgaris 
 

X 

Hordeum jubatum 
 

X 

Juncus balticus X X 

Kochia scoparia* X 
 

Luzula parviflora 
 

X 

Lycopus asper 
 

X 

Melilotus officinale* 
 

X 

Mentha arvensis X X 

Monardo fistulosa 
 

X 

Myriophyllum exalbescens X X 

Naja flexilis 
 

X 

Petasites sagittatus 
 

X 

Phalaris arundinacea X X 

Physostegia parviflora X 
 

Plantago eriopoda X X 

Poa compressa* 
 

X 

Poa juncifolia X 
 

Poa palustris X X 

Poa pratensis 
 

X 

Polygonum 
 

X 

Portulaca oleracea* 
 

X 

Potamogeton X X 

Potentilla X X 

Prunella vulgaris 
 

X 

Ranunculus X X 

Rorippa islandica X X 

Rubus pubescens X X 

Rumex X X 

Sagittaria cuneata 
 

X 

Salsola pestifer* 
 

X 

Scirpus X X 

Scolochloa festucacea 
 

X 
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Assays 

Taxon Seedlings Seed bank 

Scutellaria galericulata 
 

X 

Senecio congestus 
 

X 

Senecio pauperculus 
 

X 

Sium suave 
 

X 

Smilacina stellata 
 

X 

Solidago 
 

X 

Sonchus arvensis * X 
 

Sparganium eurycarpum 
 

X 

Spartina gracilis 
 

X 

Stachys palustris 
 

X 

Suaeda depressa 
 

X 

Taraxacum officinale* X X 

Thlaspe arvense* X X 

Trifolium hybridum* X X 

Typha X X 

Urtica dioica X X 

Utricularia vulgaris 
 

X 

Vicia americana 
 

X 

Viola cucullata 
 

X 

Zannichellia palustris X X 

Zygadenus elegans 
 

X 

Total 44 83 
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Tables 5.5 and 5.6 compare the importance values of the ten most important taxa 

between the seed bank counts and the seedling counts. Rorippa islandica and Rumex are 

the two taxa with the highest importance values in both the seed bank and the seedling 

assays for the Restored wetlands. In comparison, Chenopodium, Ranunculus and Rumex 

are the three taxa with the highest importance values in both the seed bank and the 

seedling assays for the Natural wetlands.  These four taxa are disturbance-type taxa that 

generally contribute large amounts of seed rain; and their high importance values are not 

unexpected.  Eleven taxa out of the twenty (not shown) with the highest importance 

values were common to both the seed bank and seedling assays of the Restored wetlands, 

while there were ten common taxa in the Natural wetlands. These results confirm that the 

germination of seeds is at least partly sequential and taxon-specific; and predicting which 

species will germinate first during hydrological fluctuations is likely the same in both the 

Restored and Natural wetlands. 

5.3  Summary 

The seedling counts were pooled for the two sets of germination conditions for 

the analysis because the goal was to force the germination of as many seeds as possible 

under “natural” conditions. While this study focused on simulating natural hydrologic 

conditions, even when exposed to conditions that stimulate germination, some seeds may 

not germinate and can remain in the seed bank for many years (Schneider and Sharitz 

1986). As delayed germination can be taxon specific (Grime et al. 1981; Keddy and Ellis 

1985; Galinato and van der Valk 1986; Roberts 1986; Shipley and Parent 1991), this 

study cannot fully determine which seeds will germinate over the long term. The many 

fewer taxa represented among the seedlings than within the seed banks conforms with the 
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Table 5.5. Comparison of the importance values of the ten most important taxa in the 

seed bank assay and the seedling assay in Restored wetlands. 

Restored 

Taxon Seed bank  

importance value 

Taxon Seedling 

importance value 

Rorippa islandica 44.59 Rorippa islandica 45.28 

Rumex 14.12 Rumex 18.00 

Beckmannia syzigachne 8.17 Atriplex patula 14.97 

Ranunculus 8.05 Taraxacum officinale 14.77 

Brassica kaber 6.79 Chenopodium 14.73 

Typha 6.15 Ranunculus 13.03 

Carex 5.63 Trifolium hybridum 9.16 

Chenopodium 5.18 Deschampsia caespitosa 7.95 

Glyceria striata 4.92 Carex 7.36 

Eleocharis 4.21 Potentilla 7.07 
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Table 5.6. Comparison of the importance values of the ten most important taxa in the 

seed bank assay and the seedling assay in Natural wetlands. 

Natural 

Taxon 
Seed bank  

importance value 
Taxon 

Seedling  

importance value 

Chenopodium 33.81 Chenopodium 59.18 

Ranunculus 21.62 Ranunculus 37.29 

Rumex 11.94 Rumex 19.22 

Typha 11.79 Rorippa islandica 13.31 

Zannichellia palustris 11.58 Atriplex patula 9.75 

Scirpus 6.66 Potentilla 8.47 

Potamogeton 6.63 Erigeron 7.56 

Sparganium eurycarpum 5.87 Taraxacum officinale 6.87 

Carex 5.30 Eleocharis 5.83 

Beckmannia syzigachne 5.00 Carex 5.69 
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the work of other researchers. 

The null hypothesis that the seedlings germinating from Restored and Natural 

wetlands would be similar was rejected for the wetlands and all zones, although overlap 

between the two groups occurs in all PCA results and especially in those for the Center  

and Inner-Typha zones. These results are surprising given that the seed banks did not 

segregate into two groups. I followed standard seedling germination methodology (van 

der Valk and Rosburg 1997), and the seeds were not separated from the substrate before 

being layered over the sterilized medium and subjected to the germination conditions. It 

is possible, and indeed likely, that the substrates of Restored and Natural wetlands differ. 

Although substrate characteristics were not measured in this study, field observations 

showed that the substrates of Natural sites were much higher in organic matter compared 

to the substrates of Restored sites, which tended to be heavier muck (i.e. anoxic) soils. 

This is to be expected, as with complete drainage the input of organic matter into the 

substrate would increase in Restored wetlands. Evaporation might have become more 

important than transpiration in drained wetlands initially as the wetland vegetation died 

off, producing more saline soils. Resulting differences in pH and nutrient levels from the 

substrate material could have provided different germination conditions (Kellogg et al. 

2003) and produced the differences between the groups. The lower diversity among the 

Restored wetlands seen in the PCA results could indicate similar substrate conditions 

developed when the areas were completely drained and the vegetation replaced largely by 

upland vegetation, while the Natural wetlands retained the diversity characteristic of 

wetlands in general (Leck and Simpson 1987; McGraw 1987). Accurate forecasting as to 

what vegetation species will establish after drainage or natural drawdown followed by 
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restoration of water levels is complicated by the various physiological and physical 

germination requirements of individual species (van der Valk and Davis 1976; 

Thompson and Grime 1979; Hopkins and Parker 1984; Galinato and van der Valk, 1986; 

Shay and Shay, 1986; Welling et al. 1988; van der Valk et al. 1992; Shipley and Parent 

1991; McKnight, 1992; Thompson and Shay 1988; Wilson et al. 1993; Chambers et al. 

1999; Leck and Simpson, 1995; Wilcox 1995; Keddy 1999; Rejmankova et al. 1999; 

Leck 1996; Casanova and Brock 2000; Seabloom et al. 2001). Generally however, high 

seed bank diversity allows greater resiliency within the wetland community (Reingartz 

and Warne 1993), even though the seed bank diversity may not be expressed in the short 

term as was seen in this study. 
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6.  DISCUSSION AND CONCLUSIONS 

6.1  Comparison of Restored and Natural wetlands 

The results of all of the Principal Components analyses are summarized in  

Table 6.1. The results of the diversity analyses comparisons are shown in Table 6.2. 

6.1.1  Vegetation 

The PCAs (Table 6.1) indicate that the vegetation in each of the zones of the 

Restored sites, as well as in the entire wetlands, was somewhat different from that of the 

Natural wetlands a decade after restoration of natural hydrological regimes in 1993. 

About 60% of the taxa found in the vegetation occurred in both Restored and Natural 

wetlands; but more non-native and disturbance-type taxa occurred in the Restored 

wetlands. When taxa were ranked according to their importance in the vegetation, 13 of 

the 20 most important taxa occurred in both the Restored and Natural wetlands. These 

results suggest that even though there are current dissimilarities, succession is gradually 

establishing typical wetland vegetation in Restored wetlands. Van der Valk (1981) found 

that a return to higher water levels in wetlands can trigger the recovery of suppressed 

vegetation and the germination of seeds in the seed bank, with distinctive wetland 

communities re-emerging following extended drawdown.  

The diversity comparisons of vegetation, seeds, and seedlings in the Restored vs. 

Natural wetlands are summarized in Table 6.2. The greater richness in the Restored 

wetlands is typical of earlier successional stages. Odland and del Moral (2001) reported 

that plant richness and diversity typically decrease over time, with diversity reaching its 

highest point at or shortly after establishment of initial vegetation cover. As was 

documented in this study, Seabloom et al. (2001) found that during the pioneering or  
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Table 6.1. Summary of the PCA results comparing Restored and Natural wetlands. 
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Table 6.2. Summary of the diversity indices comparing the vegetation, seed banks and 

seedlings of Restored and Natural wetlands. 

Note: p (same mean) = probability that the means are not different; reject the null 

hypothesis if p < 0.10. 

Comparison  Diversity indicator  p (same mean)    

Accept or 

Reject the 

null 

hypothesis 

Vegetation 
Richness  0.00006 Reject  

 

Seed banks  

Richness  0.27 Accept  

Seed abundance  0.07 Reject  

Simpson’s Index of Diversity  0.72 Accept  

Eveness  0.14 Accept  

  

Seedlings  

Richness  0.06 Reject  

Seed abundance  0.73 Accept  

Simpson’s Index of Diversity  0.16 Accept  

Evenness  0.81 Accept  
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establishment period, annual and wind-dispersed species predominate and are gradually 

displaced as perennial vegetation establishes in recovering wetlands. The variations 

among the vegetation communities of all of the wetlands in this study corresponds with 

other studies that found that wetland vegetation is often diverse (Adams 1963; van der 

Valk and Davis 1978; Dunn and Best 1983; Johnson et al. 1987; Welling et al. 1988; 

Pennings and Callaway 1992; Murkin et al. 2000). 

6.1.2  Seed banks 

The PCAs (Table 6.1) show that the seed banks of Restored and Natural wetlands 

were substantially similar, but with more diversity among the seed banks of Natural 

wetlands. The mean number of seeds in samples from the Natural wetlands was 

significantly greater (approximately two times higher) than the number of seeds from the 

Restored wetlands (Table 6.2). Wienhold and van der Valk (1989) reported that mean 

total seed density in unaltered or recently-drained wetlands continued to decline over 

successive years following drainage.   

The Natural wetlands seed banks are characterized by more obligate wetland and 

native taxa, while the Restored wetlands seed banks contained more non-native and 

disturbance-type taxa. The non-native and disturbance-type taxa in the Restored wetlands 

seed banks are likely remnants from early successional stages of revegetation following 

restoration or of invasion during drainage. The high loading of transient-type species in 

both the Restored and Natural wetlands may reflect the natural drawdown conditions 

experienced in dry years. Short hydroperiods produce a prevalence of transient-type 

species (Poiani and Johnson 1989; Haukos and Smith 1993), and these wetlands are quite 

shallow and show a sensitive response to the natural hydrological cycle. Still, nearly 75% 
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of the total taxa were found in common between the two groups of wetlands. This 

substantial overlap suggests that the wetland seed banks of the Restored wetlands 

persisted during the time that the wetlands were drained and/or have been replenished 

since restoration. The similarities between the vegetation of Restored and Natural 

wetlands and the indication that the Restored wetlands are gradually developing typical 

wetland vegetation support the idea that a remnant seed bank is the basis for the natural 

revegetation. The absence of flooding and a state of prolonged drainage may have 

suppressed seed germination and helped to maintain the remnant seed bank over time. 

Other research emphasized the importance of the propagule bank in determining the 

vegetation communities that can develop and facilitate restoration (Abernathy and Willby 

1999; Lundholm and Simser 1999; Rossell and Wells 1999; Casanova and Brock 2000; 

de Winton et al. 2000; Brouwer and Roelofs 2001; Chang et al. 2001; Skinner et al. 2001; 

Wetzel et al. 2001).    

6.1.3  Seedlings 

 The PCAs (Table 6.1) show that the seedlings germinating from Restored and 

Natural wetlands were different, but with some overlap in the Center and Inner-Typha 

zones. Richness was significantly greater in the Restored wetlands (Table 6.2). Less than 

half of the seedling taxa occurred in common between the Restored and Natural wetlands, 

in contrast with 60% for the vegetation and 75% for the seed banks. When the seedlings 

are compared with the seed bank (Table 5.3), seedlings are poorly represented. As 

discussed in Chapter 5, these differences could be due to the presence of the original 

substrates in the germination flats or to differences among the germination requirements 

of different taxa. Even though the germination experiments were run for eight months, it 



 

90 

 

is possible that seeds of some taxa did not yet germinate and fewer differences between 

the Restored and Natural wetlands would have appeared over time. There is often low 

correlation between seed bank composition and the composition of pioneer vegetation 

(van der Valk et al. 2009; Wilson et al. 1993; Leck 1989), lending further support to the 

idea that germination conditions can be a very important determinant of vegetation.     

6.2  Challenges and limitations 

A number of challenges and limitations were experienced in this study and should 

be considered in interpreting the results. 

• The sample size, of nine wetlands in each of the comparison groups, was small for 

statistical analysis. However, given the large time requirements for seed bank 

analyses and in comparison with other studies, the sample size was considered 

appropriate following extensive consultation (van der Valk, pers. comm. 2001). 

• The seed bank component of the study examined only seeds, but many wetland 

species reproduce vegetatively. Structures such as turions and rhizomes may be 

critical for revegetation and reestablishing ecological processes following long-term 

drawdown (Siegley et al. 1988; Wienhold and van der Valk, 1988; Galatowitsch and 

van der Valk 1996a; Keddy, 1999). Over time, many plants continue to expand 

vegetatively, and eventually can form dense monotypic stands (e.g. of Carex, Typha, 

Scirpus or Phalaris arundincea) that exclude other species (van der Valk and Davis 

1976) (Figure 6.1). Deep litter mats may also inhibit germination by physically 

obstructing emergence (van der Valk 1986), or by allelopathy (van der Valk and 

Davis 1976). 

• I recommend that the surface layer be brushed away before seed bank samples are 
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collected. For example, in this study Rumex, Typha and Chenopodium produced high 

seed rain, some of which may be consumed by small mammals, blown away, or 

decay, and not contribute to the seed bank. An extensive survey showed that the seed 

bank literature did not address this methodological issue. 

• Vegetation surveys were performed only once and over a short period of time during 

the growing season, and the year of the survey (2001) was a drought year. Intra- and 

inter-annual variations in species’ cover are common in PPR wetlands (Millar 1973; 

Weller and Voigts 1983 in Adamus 1996; Reingartz and Warne 1992: Shipley et al. 

1989). Plant species richness may vary over a single year (Niemeier and Hubert 1986 

in Adamus 1996) with changes in hydrology and competition for resources (Harris 

and Marshall 1963; van der Valk and Davis 1976; Sjoberg and Danell 1983 in 

Adamus 1996; Ashworth et al. 2006). Richness may also be affected by the richness 

in the area adjacent to the basin, basin area, water level fluctuation and basin soil pH 

(Ashworth et al. 2006).  The seed bank provides both a historical account of a 

wetland and also a forecast of potential vegetation (Shipley and Parent 1991) 

provided all germination requirements are fulfilled. Seeds may remain dormant in 

seed banks for decades (Leck 1989), and seed bank recruitment depends on many 

factors, including soil moisture, nutrients, photoperiod, depth of seed burial, seed-soil 

contact, physical obstructions (Figure 6.1; Davis and van der Valk 1978) and seed 

physio-morphological filters (Dunn and Best 1983; Haag 1983; Nicholson and Keddy 

1983; Smith and Kadlec 1983; Keddy and Resznicek 1982; Thompson 1992; Leck 

1996). It is possible that the germination conditions employed in this study did not 

stimulate all the taxa that could germinate from the seed bank over long periods or  
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Figure 6.1. Typha mats suppressing vegetation (Put August 2002; original in colour). 
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under varying conditions that would be experienced in wetlands. Seed viability may  

       also have been affected by storage conditions. 

• The Restored wetlands in this study were located closely together in similar 

topography within a 15 km area, whereas the Natural wetlands were scattered across 

several townships. Therefore, landscape characteristics, including hydrological 

connectivity, seed dispersal (Seabloom and van der Valk 2003), and the locations of 

the wetlands within the landscape (Borgegard 1990; Salonen and Setula 1992; 

Cantero et al. 1998; Seabloom and van der Valk 2003) were likely a factor in the 

differences among the wetlands found in this study. 

• Hydrological events are the principal drivers determining which plant species 

successfully establish and endure, and short periods of flooding (days or weeks) may 

greatly affect community composition (Nichols et al. 1989 in Adamus 1996). It is not 

possible to simulate these long-term conditions in the laboratory and therefore 

accurately predict the vegetation that can develop from a seed bank. For example, 

herbaceous species are typically more sensitive to environmental fluxes and can 

respond more rapidly than woody wetland species (Paratley and Fahey 1986). Long-

term flooding usually reduces the number of emergents (Nilsson and Keddy 1988) so 

that even shallow standing water can result in development of a plant community that 

is as much as 75% different from the one that develops when surface water is absent 

(van der Valk and Davis 1978). The degree of seasonal fluctuation rather than the 

actual maximum water depth is likely important in determining species richness, 

since alternating dry and wet conditions and elevational gradients select for a greater 



 

94 

 

diversity of colonizing species (Galatowitsch and van der Valk 1996b; Ashworth et 

al. 2006). Finally, much of the variation in wetland plant communities seen in this 

study is likely attributed to unmeasured abiotic and biotic factors (Ashworth et al. 

2006).  

• Grazing could not be quantified as historical data on grazing intensity and frequency 

were not available. The community pasture in which the Restored wetlands were 

located was grazed annually, and seven of the nine wetlands were grazed especially 

when they were completely drawn down due to drainage. The area surrounding the 

Natural wetlands was grazed only in 2001. Grazing can have substantial effects (e.g. 

hummocking, pugging, fecal and urine loading, etc.) on wetlands, but grazing 

specifically, as a particular type of disturbance, was not considered in this study 

because it could not be quantified. It is important to note, however, that completely-

drained wetland areas can be accessed freely by livestock in a pasture and therefore 

drainage opens the door to more grazing disturbance. 

• Because seeds and seedlings could not always be identified to the species level, 

results are reported for genera in a number of cases (e.g. Ranunculus, Carex). It is not 

possible to characterize the ecological requirements of genera such as these that 

include species among which there is a wide range of habitat preferences. Also, this 

reduced the power of the comparisons among the different components of the 

research. 

6.3  Implications for wetland conservation, management and restoration 

This study assessed wetlands that were drained in the 1970s and restored by 

returning water levels to natural conditions in the 1990s. The wetland areas were not 
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dredged or otherwise extensively disturbed, other than by grazing and by seeding tame 

forage in adjacent uplands. The Restored wetlands were not seeded with native wetland 

species before or after hydrological restoration but instead allowed to passively 

revegetate. The results of this study indicate that the vegetation was different between the 

Restored and Natural wetlands, but the seed banks were quite similar. Based on the seed 

banks, Restored wetlands can be expected to follow a trajectory of ecological recovery 

that will continually narrow the differences with Natural wetlands. There are a number of 

conservation, management and restoration implications of these results for PPR wetlands. 

• PPR wetlands are adapted to prolonged drought, as indicated by the fact that the 

vegetation that developed in the Restored wetlands, even after being drained for 

decades, was becoming similar to that of the Natural wetlands. Wetland seed banks 

seem to be persistent over time, although the wetland taxa decline and seed bank 

loading from wetland taxa is suspended until hydrological conditions return to normal 

and the process of seed bank recruitment, germination and seed production begins 

again. It is likely that the wetland vegetation that established in the Restored wetlands 

was derived at least in part from the persistent seed banks. 

• Drained wetlands are susceptible to non-native and disturbance-type taxa during the 

drained and revegetation stages. However, in the seedling assay, seedlings of non-

native and disturbance-type taxa germinated in samples from both the Restored and 

Natural wetlands. This suggests that regardless of whether the wetlands are restored 

or natural, these types of  taxa will readily germinate. The hydrological conditions 

typically found in PPR wetlands may act as a filter on expression of the seed bank, 

essentially suppressing differences in the seed banks. Over time, the development of 
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natural wetland vegetation in restored sites is supported.  

In summary, this study found that passive restoration of wetlands that have been 

drained even for decades, through reestablishment of water levels, is an effective 

restoration strategy provided that the seed banks are not disturbed through dredging or 

excavation. Although weedy and invasive species may be an issue over the short term, 

eventually natural wetland vegetation will reestablish. Given the large number of 

wetlands in the PPR that have been drained, passive restoration may be a cost-effective 

and valid restoration approach. Active wetland restoration faces profound challenges 

(Keddy, 1999), and the effectiveness of passive restoration is encouraging. This study 

also supports the findings that hydrological variation is one of the most important 

determinants of wetland vegetation communities (Keddy 1999; Casanova and Brock 

2000; Aboughendia 2001); and a return to natural water levels can trigger wetland 

regeneration (van der Valk 1981).   

This study also indicates that there is room for cautious optimism, at least over the 

shorter term, for the survival of PPR wetlands under an anthropogenic global warming 

scenario, in which both more frequent and prolonged droughts and more climatic 

variability are expected (Johnson et al 2005). PPR wetlands may be able to reestablish 

following drawdowns such as the drainage of even two decades experienced by the 

Restored wetlands in this study, as long as water levels and hydrological variation are 

eventually reestablished. However, weedy and invasive species, eutrophication, and 

grazing may need to be actively controlled to limit stresses on recovering wetlands. 
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APPENDIX A 

List of taxa encountered in the study and the abbreviations used in the presentation of the 

PCA results. 

Full taxon name Taxon abbreviation 

Achillea siberica Ledeb. achsibi 

Agropyron repens (L.) Beauv. agrrepe 

Agrostis scabra Willd. agrscab 

Agropyron trachycaulum (Link) Malte agrtrac 

Alisma gramineum K.C. Gmel. alitriv 

Alopecurus aequalis Sobol. aloaequ 

Amaranthus retroflexus L. amaretr 

Anenome canadensis L. anecana 

Artemisia biennis Willd. artbien 

Asclepia incarnata L. ascinca 

Aster aster spp. 

Atriplex patula L. atrpatu 

Axyris amaranthoides L. axyamar 

Beckmannia syzigachne (Steud.) Fern. becsyzi 

Bidens cernua L. bidcern 

Brassica kaber (DC.) L.C. Wheeler brakabe 

Bromus ciliatus L. brocili 

Calamagrostis canadensis (Michx.) Beauv. calcana 

Calamagrostis inexpansa A. Gray calinex 

Campanula aparinoides Pursh camapar 

Cardamine pensylvanica Muhl. carpens 

Carex carex spp. 

Ceratophyllum demersum L. cerdeme 

Chenopodium chenopodium spp. 

Cicuta bulbifera L. cicbulb 

Cirsium arvense (L.) Scop. cirarve 

Cirsium muticum Michx. cirmuti 

Deschampsia caespitosa (L.) Beauv. descaes 

Distichlis stricta (Torr.) Rydb. disstri 

Echinochloa crusgallii (L.) Beauv. echcrus 

Elatine triandra Schkuhr elatria 

Eleocharis eleocharis spp. 

Elodea canadensis Michx. elocana 

Epilobium epilobium spp. 
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Full taxon name Taxon abbreviation 

Equisetum palustre L. equpalu 

Erigeron erigeron spp. 

Festuca rubra L. fesrubr 

Galium galium spp. 

Galeopsis tetrahit L. galtetr 

Geranium bicknellii Britt. gerbick 

Geum aleppicum Jacq. geualep 

Glyceria striata (Lam.) Hitchc. glystri 

Gnaphalium palustre Nutt. gnapalu 

Grindelia squarrosa (Pursh) Dunal grinsqua 

Helenium autumnale L. helautu 

Hippuris vulgaris L. hipvulg 

Hordeum jubatum L. horjuba 

Juncus juncus spp. 

Kochia scoparia (L.) Schrad. kocscop 

Lepidium densiflora Schrad. lepdens 

Luzula parviflora (Ehrh) Desv. luzparv 

Lycopus asper Greene lycaspe 

Matricaria matricarioides (Less.) Porter matmatr 

Medicago sativa L. medsati 

Melilotus officinalis (L.) Pall. meloffi 

Mentha arvensis L. menarve 

Monardo fistulosa L. monfist 

Muhlenbergia richardsonis (Trin.) Rydb. muhrich 

Myriophyllum exalbescens Fern. myrexal 

Najas flexilis (Willd.) Rostk. & Schmidt najflex 

Petasites sagittatus (Pursch) A. Gray petsagi 

Phalaris arundinacea L. phaarun 

Physostegia parviflora L. phyparv 

Plantago eriopoda Torr. plaerio 

Poa compressa L. poacomp 

Poa juncifolia Scribn. poajunc 

Poa palustris L. poapalu 

Poa pratensis L. poaprat 

Polygonum polygonum spp. 

Portulaca oleracea L. poroler 

Potamogeton potamogeton spp. 

Potentilla potentilla spp. 

Prunella vulgaris L. pruvulg 
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Full taxon name Taxon abbreviation 

Puccinellia nuttalliana (Schultes) Hitchc. pucnutt 

Ranunculus ranunculus spp. 

Rorippa islandica (Oeder) Borbas rorisla 

Rubus pubescens  Raf.  rubpube 

Rumex rumex spp. 

Sagittaria cuneata Sheld. sagcune 

Salix salix spp. 

Salsola pestifer A. Nels. salpest 

Scirpus scirpus spp. 

Scolochloa festucacea (Willd.) Link scofest 

Scutellaria galericulata L. scugale 

Senecio congestus (R. Br.) DC. sencong 

Senecio pauperculus Michx. senpaup 

Sium suave Walt. siusuav 

Smilacina stellata (L.) Desf. smistel 

Solidago solidago spp. 

Sonchus arvensis L. sonarve 

Sparganium eurycarpum Engelm. spaeury 

Spartina gracilis Trin. spagrac 

Stachys palustris L. stapalu 

Stellaria crassifolia Ehrh. stecras 

Suaeda depressa (Pursh) S. Wats. suadepr 

Taraxacum officinale Weber taroffi 

Thlaspi arvense L. thlarve 

Trifolium hybridum L. trihybr 

Triglochin maritima L. trimari 

Typha typha spp. 

Urtica dioica L. urtdioi 

Utricularia vulgaris L. utrvulg 

Vicia americana Muhl. vicamer 

Viola cucullata Ait. viocucu 

Zannichellia palustris L. zanpalu 

Zygadenus elegans Pursh zygeleg 

 

 

 


