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Abstract 

Wetlands are significant contributors to global biodiversity, supporting disproportionately 

high numbers of species relative to their area. Riparian areas associated with wetlands provide 

many services that are both ecologically and economically important, such as groundwater 

recharge, sediment capture and shoreline stabilization, flood mitigation, nutrient processing, 

increased water quality, carbon sequestration, and essential habitat for wildlife. Agricultural 

activity has resulted in the drainage or modification of between 40-70% of wetland basins within 

the Prairie Pothole Region of the northern Great Plains. The impacts of human activity on the 

remaining wetlands are difficult to estimate and there is no one optimal indicator or assessment 

method that is applicable to all regions or situations. Locally developed riparian health 

assessments, designed to evaluate wetland function under different grazing regimes, are cost-

effective with the potential for broader use in wetland environmental assessment, monitoring, 

and management or restoration activities. In this study I investigated the hypothesis that riparian 

health assessments can distinguish between wetlands in five categories of land use that represent 

different levels of anthropogenic modification: ungrazed cultivated cropland, ungrazed native 

grassland, grazed native grassland, ungrazed tame perennial forage, and grazed tame perennial 

forage. Noting that current riparian health assessment protocols lack a community composition 

component other than the presence and distribution of invasive and disturbance species, I also 

sampled plant species frequency at each of my study sites. I found that wetlands in cultivated 

croplands had significantly lower riparian health scores than wetlands in both tame and native 

grasslands. Among tame and native sites, grazing status was more important than upland cover 

type in determining wetland health, with grazed wetlands receiving significantly lower scores 

than their ungrazed counterparts. Despite their functional similarity to wetlands within native 

grasslands, species composition of wetlands within ungrazed tame perennial forage more closely 

resembled that of wetlands in cultivated uplands. Although grazing negatively affected riparian 

ground cover and soil stability, it significantly reduced both the overall cover and distribution of 

invasive plant species along wetland reaches. These results suggest that upland revegetation and 

restoration of function to degraded wetlands is not necessarily followed by re-establishment of 

original riparian species composition. If biodiversity is a desired outcome of wetland restoration 

efforts, additional measures must be taken to enable the establishment and persistence of 

preferred plant species. 
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1 Introduction 

 

1.1  Study background 

Wetlands are significant contributors to global biodiversity, supporting disproportionately 

high numbers of species relative to their area (Bartzen and Dufour 2010). Wetlands themselves 

are physically and compositionally diverse, with many possible combinations of characteristics 

including geomorphology, topography, soil, water quality, and plant community composition 

(Stewart and Kantrud 1971; Kauffman and Krueger 1984; Brinson and Malvárez 2002). The 

riparian areas associated with wetlands are the interface between aquatic and terrestrial systems 

(Maltby 1991; Naiman and Décamps 1997). This interface facilitates the exchange of energy, 

nutrients, and biotic components between wetlands and uplands. Riparian areas provide many 

services that are both ecologically and economically important, such as groundwater recharge, 

sediment capture and shoreline stabilization, flood mitigation, nutrient processing, increased 

water quality, carbon sequestration, and essential habitat for wildlife (Dodds et al 2008; Paradeis 

et al 2010; Mitsch et al 2015). 

The Prairie Pothole Region of the northern Great Plains covers approximately 900 000 

km2, historically consisting of native prairie grasslands interspersed with millions of small 

glacially-formed permanent, semi-permanent, and ephemeral wetlands (Stewart and Kantrud 

1971; Millar 1976; Gleason et al 2011). The majority of this landscape has been converted for 

agricultural use. Management activities can be classified into three broad classes of land use: 

crop production (occurring within cultivated fields) and grazing or haying (occurring on either 

remnant native prairie or tame perennial forage). Agricultural activity has resulted in the drainage 

or modification of between 40-70% of wetland basins (Paradeis et al 2010; Gleason et al 2011). 

The impacts of human activity on the remaining wetlands are difficult to estimate but may 

include changes such as altered hydrological function (Abbruzzese and Leibowitz 1997; 

Detenbeck and Elonen 2002), altered composition of biological communities, and increased 

habitat fragmentation (Houlahan and Findlay 2003), all of which can contribute to the functional 

degradation of these ecosystems (Bartzen and Dufour 2010).  
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1.2 Cumulative Effects Assessment and ecological indicators 

Cumulative effects assessment (CEA) is the evaluation of all direct and indirect past, 

present, and future anthropogenic activity on an ecosystem component such as a wetland or 

watershed (Therivel and Ross 2007). Each individual activity may not cause measureable 

changes, but the accumulation of and synergy between effects can alter susceptible ecosystem 

components over time (Duinker and Greig 2006). Once the cumulative effects acting on a system 

are identified, management plans that minimize further damage can be developed. Cumulative 

effects management for wetlands can include altering plans to avoid affecting sensitive areas, 

wetland mitigation or restoration, compensation through the creation of new, functionally 

equivalent systems, and follow-up monitoring and adaptive management (Therivel and Ross 

2007). Strategies for rehabilitating wetlands may include restoring the hydrology of previously 

infilled basins (Seabloom and van der Valk 2003a) and revegetation of the surrounding uplands 

to perennial nesting cover (Arnold et al 2007; Balas et al 2012).  

Evaluating the effectiveness of management/mitigation plans is difficult due to the 

temporal and spatial complexity of riparian ecosystems (Fennessy et al 2007), the lack of 

baseline data to which current conditions can be compared (Detenbeck and Elonen 2002), 

uncertain criteria for defining “successful” restoration (Seabloom and van der Valk 2003b), and 

the limitations of currently available assessment protocols (Noble et al 2011). Wetland 

mitigation may be hindered by the perceived requirement for extensive data collection and 

evaluation. This is often especially unfeasible for small routine developments such as road 

expansion, where the assessment process could significantly delay permit acquisition and 

construction deadlines (Nielsen et al 2012). Consequently, such routine developments are often 

deemed too inconsequential to trigger any environmental assessment at all (Noble et al 2011; 

Government of Saskatchewan 2013). However minor individual projects may be, the end result 

is an accumulation of individually negligible effects, leading to cumulatively significant loss of 

wetland habitat and function (Whigham 1999; Therivel and Ross 2007). Standardized assessment 

protocols that are cost-effective, efficient in the acquisition of quantitative data, and can be 

performed in a timely manner are needed to improve CEA and effective mitigation of these 

wetlands.   

Many ecological assessment methods use biotic or abiotic physical/spatial attributes as 

proxies or indicators for functions that are difficult to measure directly (Stephens et al 2015). 
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Indicator status at a given point in time is used to estimate or infer the capacity of ecosystem 

functions. However, it is important to recognize that evaluation by proxy has its own limitations. 

Proxies based on coarse/categorical input, or measured on a large scale, often have a high degree 

of generalization error in that they fail to account for spatial variability within a given category 

(Eigenbrod et al 2010). Such methods are suitable for measuring broad-scale patterns in 

ecosystem services but may fall short if a greater resolution is desired, as may be the case when 

developing specific management strategies (Stephens et al 2015). Similarly, quantitative 

measurement of ecosystem function requires that repeated measurements be taken over time to 

determine the rates at which certain processes take place (Stein et al 2009). If a great deal of 

precision or detail is required in the assessment of a specific ecosystem process, the indicator 

approach may not be an appropriate substitute for more direct measurement. The accuracy of 

such methods can be improved by further studies that validate indicator scores against 

quantitative field measurements (Berkowitz and White 2013). Calibration of broadly used 

indicator methods to suit local systems is another potentially important method of improving 

accuracy (Stephens et al 2015).  

Not all functions can be correlated to an appropriate proxy (Stephens et al 2015). 

Supporting quantitative information linking indicators and the components they measure varies 

greatly in availability, verifiability, and strength of correlation  (Mitsch and Wilson 1996). For 

example, riparian plant species richness is often used as a measurement of wetland mitigation 

success and has been positively linked to primary productivity, decomposition rates, and nutrient 

cycling (Cardinale et al 2011). However, studies examining the relationship between plant 

diversity and other wetland functions have demonstrated inconsistent and often conflicting 

results (Mitsch and Wilson 1996; Cardinale et al 2011; Petersen et al 2015). Thus, indicators 

must be carefully selected based on available research demonstrating a clear relationship with the 

function to be evaluated.  
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1.3  Rangeland and riparian health assessments 

Rangeland and riparian health assessments (e.g. Fleming et al 2001; Saskatchewan PCAP 

Greencover Committee 2008a; Saskatchewan PCAP Greencover Committee 2008b; Sheley et al 

2011; Symstad and Jonas 2011) represent some of the most current and widely used indices for 

evaluating the condition of rangelands and associated habitats across North America and around 

the world. Rangeland managers have long recognized the need to accurately estimate pasture 

forage production and a sustainable stocking rate based on condition or health of representative 

sites within a pasture. Early approaches to rangeland assessment related site condition to 

successional status by comparing plant species composition to a climax community (Pyke and 

Herrick 2003). Advancements in rangeland ecology have furthered this approach by using 

multiple indicators of ecosystem function to evaluate rangeland health status (Briske et al 2005). 

Rangeland health indices include measurements of plant community diversity and structure as 

well as soil and litter cover, factors which negatively respond to increasing levels of disturbance 

by cattle and invasion by non-native species (Figure 1.1). They are also correlated with other 

environmental quality indicators such as productivity, soil carbon sequestration, infiltration, and 

moisture retention (Pyke et al 2002; Vasquez et al 2012).  

More recently, land managers have recognized that upland assessments do not adequately 

characterize changes to wetlands following grazing (Pyke and Herrick 2003). This has resulted in 

the development of separate methods to assess riparian health. Riparian health assessments 

include indicators about ecosystem structure, degree of invasion of non-native species, stability 

and resistance to disturbance, and measurements of anthropogenic disturbance along shorelines 

and wet meadows. Riparian vegetation structure, bank stability, and degree of disturbance are 

correlated with water potability and quality (Dosskey et al 2010). Although measurements of 

invasive species cover and presence of preferred plant species are included in riparian health 

assessments, indicators relating to community composition are conspicuously absent.  
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Figure 1.1. Scatterplot showing conceptual relationship between rangeland and riparian health 

scores and anthropogenic impacts for wetlands in different categories of land use. Points 

represent hypothetical study units (see legend). 
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1.4 Thesis objectives 

Wetlands are spatially and temporally complex and there is no one optimal indicator or 

assessment method that is applicable to all regions or situations (Fennessy et al 2007). However, 

locally suitable rangeland and riparian health assessments have been developed for use around 

the world (e.g. Fleming et al 2001; Saskatchewan PCAP Greencover Committee 2008a; 

Saskatchewan PCAP Greencover Committee 2008b; Sheley et al 2011; Symstad and Jonas 

2011). These assessment methods are cost-effective, easily employed by anyone familiar with 

rangeland management practices and local plant identification, and measure a broad range of 

ecosystem functions. These qualities represent the same criteria desired in the development of 

effective CEA (Westbrook and Noble 2013).  

The objective of my thesis is to evaluate the usefulness of rangeland and riparian health 

assessments as potential tools for determining cumulative effects of anthropogenic activities on 

prairie pothole wetlands and surrounding uplands. I am also interested in how plant community 

composition varied between hydrologically similar wetlands depending on upland cover type and 

grazing regime. Therefore, in this thesis, I explore the following set of questions in the course of two 

separate studies:  

1) Do riparian sites located in different upland management regimes score significantly 

differently in the riparian health assessment?  

2) Do riparian areas located in different upland management regimes have different plant 

community composition?  

3) Are differences in riparian plant community composition associated with different range 

or riparian health components? 

My specific objective in my first study (Chapter 2) was to examine how riparian health 

and community composition varied along a gradient of upland disturbance intensity. To answer 

this question, I identified three upland cover categories that represented a gradient of 

anthropogenic disturbance, from annually disturbed (cultivated cropland) to least impacted 

(intact native grassland), with tame perennial forage representing a moderate disturbance level. 

In Chapter 2 I focus on the comparative impact assessment of wetlands within these three cover 

types. To reduce sources of variation between sites of the same cover category, this study focused 

on only ungrazed sites within a small spatial area. I collected riparian community composition 

data and performed rangeland and riparian health assessments for each wetland and its associated 
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upland. I hypothesized that wetlands in native uplands would receive the highest riparian health 

scores, intermediate scores in tame uplands, with the lowest scores in cultivated uplands (Figure 

1.1).  

My specific objective in my second study (Chapter 3) was to examine the impact of 

grazing on wetland health and species composition in native and tame pastures. This study 

included data collected from the ungrazed native and tame cover sites reported in Chapter 2 and 

addition data collected from grazed native and tame sites I hypothesized that wetlands embedded 

in ungrazed tame and native uplands would receive higher riparian health scores than their 

grazed counterparts(Figure 1.1).  
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Chapter 2 preamble 

The objective of this chapter was to examine the effects of upland anthropogenic disturbance 

intensity on wetland health and species composition. This chapter reports rangeland and riparian 

health assessment data and riparian species composition data for 24 wetland/upland study units 

at St. Denis National Wildlife Area, sampled in 2013. Sites were ungrazed and stratified by 

upland cover type representing a gradient of anthropogenic disturbance intensity: annually 

disturbed cropland, previously cultivated tame perennial forage, and intact native rough fescue 

grassland. The results from this chapter highlight the differences in wetland function and 

composition that can occur along a gradient of upland anthropogenic modification and intensity. 
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2 The use of riparian health assessments to evaluate cumulative 

anthropogenic effects to ungrazed wetland habitats in the prairie pothole 

region of Saskatchewan 

 

2.1 Abstract 

 Riparian health assessments are indicator-based tools designed to evaluate wetland 

function under different grazing regimes on rangelands. Riparian health assessment is efficient 

and cost-effective with potential for broader use monitoring wetland management or restoration 

activities, and environmental assessment of fragmented landscapes representing a mosaic of land 

uses. In this study I investigated the hypothesis that riparian health assessments can distinguish 

between wetlands situated in three representative upland cover types: cultivated cropland, tame 

perennial forage, and native grasslands. Noting that current riparian health assessment protocols 

lack a community composition component other than the presence and distribution of invasive 

and disturbance species, I also sampled plant species frequency at each of my study sites. This 

was to test the hypothesis that species composition would vary between wetlands located in 

different management regimes. I found that wetlands in cultivated croplands had significantly 

lower riparian health scores in comparison to wetlands in both tame and native grasslands, which 

had statistically similar assessment scores. However, despite their functional similarity to 

wetlands within native grasslands, a cluster analysis revealed that the species composition of 

wetlands within tame perennial forage more closely resembled that of wetlands in cultivated 

uplands. These results suggest that upland revegetation and restoration of function to degraded 

wetlands is not necessarily followed by re-establishment of original riparian species composition. 

If wetland plant biodiversity is a desired outcome of wetland restoration efforts, additional 

measures must be taken to enable the establishment and persistence of preferred plant species. 
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2.2 Introduction 

Conservation agencies and land managers have various strategies for rehabilitating 

previously cultivated sites to improve habitat for wildlife species, including restoring the 

hydrology of previously infilled basins (Seabloom and van der Valk 2003a) and revegetation of 

the surrounding uplands to perennial nesting cover (Arnold et al 2007; Balas et al 2012). 

Similarly, industrial development proponents are often required to mitigate wetland losses post-

development. Evaluating the effectiveness of these management/mitigation plans is difficult due 

to the temporal and spatial complexity of riparian ecosystems, lack of baseline data to which 

current conditions can be compared, uncertain criteria for defining successful restoration, and the 

limitations of available assessment protocols (Detenbeck and Elonen 2002; Seabloom and van 

der Valk 2003a; Noble et al 2011). It has been argued that wetland mitigation is hindered by the 

perceived requirement for extensive data collection and evaluation. This is often unfeasible for 

small routine developments such as road expansion, where the assessment process could 

significantly delay permit acquisition and construction deadlines (Nielsen et al 2012). 

Consequently, such routine developments are often deemed too inconsequential to trigger any 

environmental assessment (Noble et al 2011). However minor individual projects may be, the 

end result is an accumulation of “insignificant” effects, leading to a net loss of wetland habitat 

and function (Whigham 1999). Standardized assessment protocols that are cost-effective, 

efficient in the acquisition of quantitative data, and can be performed in a timely manner are 

needed to improve cumulative effects assessment and effective mitigation of these wetlands.   

One set of potential tools that fits the above criteria are range and riparian health 

assessments. Range managers have long recognized the need to accurately evaluate the potential 

forage production and stocking capacity while maintaining or improving overall ecosystem 

health. Early approaches to rangeland assessment related site condition to successional status by 

comparing plant species composition to a climax community (Pyke and Herrick 2003). As range 

ecology has developed, it has been recognized that multiple indicators of ecosystem function are 

required to best evaluate a rangeland’s current state (Briske et al 2005). More recently, land 

managers have recognized that upland assessments do not adequately characterize changes to 

associated wetlands following grazing, highlighting the need to develop separate methods to 

assess riparian health (Pyke and Herrick 2003). The Prairie Conservation Action Plan Rangeland 

and Riparian Health Assessments (Saskatchewan PCAP Greencover Committee 2008a; 
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Saskatchewan PCAP Greencover Committee 2008b) represent some of the most current and 

widely used indices for evaluating prairie rangelands and associated habitats. 

The PCAP rangeland and riparian health assessments are easily employed by anyone 

familiar with range management practices after a minimum of training. They are cost-effective 

and data-efficient, as they require no specialized equipment or laboratory sampling and measure 

the function of a broad range of ecosystem processes using simple aggregate indicators. The 

development and use of these indices was originally intended to evaluate a single category of 

land use; that is, of grazed pasture lands of either native or tame plant community composition.  

In this study, I evaluate the sensitivity and potential usefulness of riparian health assessments as 

tools for determining indirect and cumulative effects of human activities on wetlands and 

surrounding uplands, using three categories of land use that represent different levels of 

anthropogenic modification: cultivated cropland, tame perennial forage, and native grassland.  

The objective of my study is to test the following hypotheses: 1) riparian sites located in 

native grasslands will have higher assessment scores, followed by sites in tame cover and sites in 

cultivated areas, 2) clear differences in plant community composition will be seen between 

riparian areas located within the three different management types, and 3) at least some 

component scores of the range and riparian health assessments will be associated with 

differences in riparian species composition between sites. To do this, I analyze range and riparian 

health and plant community composition data collected for 24 wetland/upland pairs in 2013 at 

the St. Denis National Wildlife Area, approximately 40 km east of Saskatoon, Saskatchewan. 
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2.3 Methods 

2.3.1 Study Site: St. Denis National Wildlife Area 

St. Denis National Wildlife Area (SDNWA) is a 384 hectare federally-managed property 

located in central Saskatchewan in the southern edge of the Aspen Parkland ecoregion (52.209, -

106.093). The surrounding region is characterized by a dry climate (mean annual precipitation of 

350 mm (Environment Canada 2013) punctuated by both multi-year droughts and periodic 

episodes of extreme precipitation (Johnson et al 2005). Temperatures fluctuate seasonally 

between extremes; mean low/high temperatures range from -22°C in January to 25°C in July 

(Environment Canada 2013). The landscape contains a high density of glacially-formed wetland 

depressions known as prairie potholes (Johnson et al 2005). Wetlands in this region are often 

seasonally ephemeral, containing water during the initial spring melt and later drying out 

completely, with hydroperiod length depending on precipitation, size of pond, and type/amount 

of vegetative cover (Millar 1976). Riparian vegetation is adapted to both seasonal and long term 

climactic variability, with community composition often changing dynamically during 

characteristic cycles of inundation and drying out (Johnson et al 2005). Nearly 200 ephemeral 

and permanent wetlands have been identified at SDNWA (Henderson 2010). 

 

2.3.2 Experimental design 

SDNWA is well suited for a stratified sampling design as it can be divided into three 

distinct management regimes or cover types representative of the surrounding area (cultivated 

cropland, tame perennial forage, and remnant Festuca hallii grassland). The wetlands in tame 

perennial cover at SDNWA have been out of cultivation for >30 years, making them an excellent 

resource for studying long-term results of restoration efforts. Biophysical inventory data and land 

use history are also well documented for this site. Sampling units for this study comprised one 

wetland paired with the adjacent upland. Eight pairings were randomly selected for each of the 

three cover types at SDNWA, for a total of 24 study units.  Pairings featuring very small 

wetlands (<800 m2), wetlands spanning more than one upland cover type, wetlands located 

within 5 m of a management unit boundary, and wetlands with limited surrounding upland area 

were excluded.  

At each sample unit, upland plots measuring 15 m x 30 m (450 m2) were sampled in June 

and July 2013. This is the period of peak upland plant cover in this region. Plots were placed at 



16 

 

approximately mid-slope position to either the east or west of the selected wetland to minimize 

aspect-influenced differences in microclimate, which are most extreme on north- and south-

facing slopes (Dix and Ayyad 1964). Range health assessments (Prairie Conservation Action 

Plan 2008a) (Table 1), were conducted for the entire plot area. Ten smaller 0.5 m x 1.0 m 

quadrats were located using randomly generated coordinates within each upland plot. Within 

each quadrat all plant species were identified and their presence/absence recorded, to create 

upland species frequency scores (number of presences/10) for each study unit. Prior to vegetation 

identification, 5-8 mm soil aggregates were collected from the center of each upland quadrat 

using a teaspoon and their stability class determined as per Herrick et al. (2001). To quantify the 

amount of litter found in each plot, a random 0.5m x 0.5m area was hand-raked and the quantity 

of litter estimated by comparing to reference photos (PCAP 2008a) (Table 2.1).   

 

Table 2.1. Rangeland health assessment indicators (Saskatchewan PCAP Greencover 

Committee, 2008a). Indicator names in brackets denote shorthand variable names used in tables 

and figures elsewhere in the document. 

Indicator Description Max. value 

1. Species composition (Species) Types and amounts of vegetation 
relative to reference site 

40 

2. Community structure (VegLayers) Presence/absence of expected 
community cover/canopy layers 

10 

3. Invasive species (RangeInvCov and 
RangeInvDist) 

a. Overall coverage across site 5 

b. Distribution pattern across site 5 

4. Site stability (Erosion and 
BareGround) 

a. Degree of site erosion 10 

b. Coverage of bare soil  5 

5. Hydrologic function/soil protection 
(Hydro) 

Ability of site to protect soil surface 
and capture/release water (measured 
by amount of litter present on site) 

25 

 Total possible score 100 
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Riparian sampling was conducted in August/September 2013 to avoid extremely high 

water levels due to spring runoff. Sampling for each wetland was conducted along a 100 m 

transect following the edge of the open water and located on either the east or west edge of the 

wetland. Riparian health assessments (PCAP 2008b) (Table 2.2), were conducted for the entire 

100 m reach. Ten randomly selected points (x coordinates) were marked along each transect. At 

each point, the width of the riparian vegetation zone was measured to the nearest meter, and used 

as an upper limit for the random generation of a corresponding y coordinate. These coordinates 

were used for the placement of 10 0.5 m x 1.0 m quadrats, within which plant species 

presence/absence was noted. Riparian species frequency scores were created for each study unit, 

as described for the upland sampling. Where excessively dense woody vegetation prevented 

access to the location of the randomly generated quadrat, the species of obstructing tree or shrub 

was recorded as the sole occupant of that quadrat.  

 

Table 2.2. Riparian health assessment indicators (Saskatchewan PCAP Greencover Committee, 

2008b). Indicator names in brackets denote shorthand variable names used in statistical analysis. 

Indicator Description Max. value 

1. Vegetation cover (VegCover) Proportion of reach covered by vegetation 6 

2. Invasive species cover (InvasCover 
and InvasDistr) 

a. Overall coverage across site 3 

b. Distribution pattern across site 3 

3. Disturbance-tolerant vegetation 
cover (Dist) 

Coverage of disturbance-adapted species, not 
including invasives 

3 

4. Presence & regeneration of woody 
vegetation (WoodyVeg) 

Occurrence of preferred woody vegetation in 
a variety of age classes 

6 

5. Utilization of preferred trees/shrubs 
(Browsing) 

Occurrence and degree of overbrowsing 3 

6. Human alteration of vegetation 
(AnthroVeg) 

Anthropogenically altered community 
composition or removal of vegetation  

6 

7. Human alteration of the physical site 
(AnthroDist) 

Disturbance caused by pugging/rutting, 
construction, or modification of shoreline  

12 

8. Human caused bare ground 
(AnthroBG) 

Coverage of bare ground caused by grazing, 
trails, or cultivation 

6 

9. Artificial modification of water level 
(WaterLevel) 

Artificially drained or raised water level 9 

 Total possible score 57 
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2.3.3 Statistical analysis 

Four separate data matrices were generated from the field data: (1) range health 

assessment scores and soil aggregate stability for each upland plot, (2) riparian health assessment 

scores for each riparian transect, (3) range species frequency scores for each upland plot, and (4) 

riparian species frequency scores for each riparian transect. Species with study-wide occurrence 

frequency of <5 were excluded from analysis. All analyses were conducted using R version 3.0.2 

and RStudio version 0.98.1091 (R Core Team 2013; RStudio Team 2015). 

To test for differences in range and riparian health scores between cultivated, tame, and 

native study units, I used the non-parametric Kruskal-Wallis ranked sum test, which is 

appropriate for ordinal variables with non-standard distributions. This was followed by pairwise 

Wilcoxon rank sum tests to determine which groups were significantly different from each other. 

Species frequencies were Hellinger transformed prior to analysis (Oksanen et al 2013). The 

Hellinger transformation was selected because it is asymmetric (excludes joint absences) and 

emphasizes relative rather than absolute differences in abundance (Legendre & Legendre 2012). 

The PCAP range and riparian health assessments are composed of dimensionless ordinal data 

(Tables 2.1, 2.2). To ensure that indicator scores from the different assessment methods could be 

meaningfully compared, these data were standardized by centering and scaling to unit variance.  

 To investigate whether range and riparian species composition differed among the three 

categorical land management types, a separate Ward’s minimum variance cluster analysis was 

performed for both range and riparian species. Average silhouette widths, which measure the 

degree of membership of an object to its cluster, were examined for k= 2-24 groups (as riparian 

species data was missing for plot 58, only 2-23 groups were examined for the riparian plots). The 

group number with the largest average silhouette width was selected as the optimal number of 

clusters. Then, to explore potential relationships between component scores of upland/riparian 

ecological indicators and riparian species composition within the same cover type, Non-metric 

multidimensional scaling (NMDS) was performed using site species data overlaid with range and 

riparian health component scores (Oksanen et al 2013). Riparian species associated with specific 

groups of sites were visually identified by examining length and direction of vectors displayed in 

the NMDS plots. The envfit function (Oksanen et al 2013) was used to optimally fit vectors of 

rangeland and riparian health components to the NMDS based on the maximum correlation 

between each variable and the ordination. As part of the envfit function, permutation tests were 
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performed (999 repetitions each) to test for significance of each individual environmental 

variable in relation to site species composition. 
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2.4 Results 

2.4.1 Range health assessments 

Significant differences in total range health score were detected between all three cover 

types (Figure 2.1a). Mean range health scores for cultivated, tame, and native plots were 6.5, 

37.4, and 61.4 respectively (Table 2.3). These scores correspond to an overall rating of 

“unhealthy” for the cultivated and tame plots, and “healthy with problems” for the native plots. 

The mean score of all 24 plots gives an overall score for SDNWA of 35.1 ± 25.1, or “unhealthy”.  

 

Figure 2.1. Boxplots showing median and interquartile range for aggregate rangeland (a) and 

riparian (b) health scores in cultivated, native Festuca hallii grassland, and tame perennial forage 

cover types. Groups with different letters were found to have significantly different means (p < 

0.05) based on a pairwise Wilcoxon rank sum test. 
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Individual range health assessment components were also significantly different between 

cover types (Table 2.3). Native plots had a mean similarity to reference community score of 

17.0, significantly higher than the mean of zero for both tame and cultivated plots.  Mean scores 

for vertical stratification of vegetation layers differed between all three plot types, with scores of 

0, 4.5, and 10.0 for cultivated, tame, and native plots, respectively. Native and tame plots 

received similar scores for degree of site erosion, coverage of bare soil, and litter, in all cases 

significantly higher than cultivated plots. None of the surveyed plots scored above zero for 

invasive plant coverage and distribution. 

 

Table 2.3. Mean values and standard deviations of rangeland health score indicators by cover 

category (cultivated, native Festuca hallii grassland, and tame perennial forage). Test statistics 

and p-values from Kruskal-Wallis rank sum tests to detect significant differences between means 

are displayed under X2 and p, respectively. Results of Wilcoxon rank sum tests to determine 

which group means were different are displayed under Group. All sites received zero scores for 

invasive species cover (3a) and invasive species distribution (3b). Full descriptions of each 

variable can be found in Table 1. 

 

Indicator Cultivated Native Tame X2 p Group 

1. Community composition 0.0 ± 0.0 17.0 ± 14.4 0.0 ± 0.0 18.29 <0.001 A B A 

2. Community structure 0.0 ± 0.0  10.0 ± 0.0 4.5 ± 2.1 22.34 <0.001 A B C  

4a. Degree of erosion 2.3 ± 1.4 10.0 ± 0.0 9.6 ± 1.1 20.84 <0.001 A B B  

4b. Bare ground cover 1.0 ± 1.1 5.0 ± 0.0 4.4 ± 1.2 18.78 <0.001 A B B  

5. Hydrologic function/litter 3.3 ± 6.0 22.0 ± 5.6 18.9 ± 9.4 13.44 0.001 A B B  

Total rangeland health score 6.5 ± 7.3 61.4 ± 12.9 37.4 ± 10.7 19.65 <0.001 A B C  

 

2.4.2 Riparian health assessments 

Wetlands in cultivated plots scored significantly lower in total riparian health score than 

tame or native plots, with mean scores of 41.3, 73.1, and 72.0, respectively (Figure 2.1b; Table 

2.4). Fewer individual riparian health components had significantly different means between 

cover types (Table 2.4). Where differences were detected, wetlands within tame and native plots 

received similar mean scores that were significantly higher than those in cultivated sites. 

Riparian assessment components for which this was the case were: proportion of reach covered 

by vegetation, human alteration of the physical shoreline, and human-caused bare ground.   
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Table 2.4. Mean values and standard deviations of riparian health score components by land 

cover category (cultivated, native Festuca grassland, and tame perennial forage). Test statistics 

and p-values from Kruskal-Wallis rank sum tests to detect significant differences between means 

are displayed under X2 and p, respectively. Results of Wilcoxon rank sum tests to determine 

which group means were different are displayed under Group. Full descriptions of each variable 

can be found in Table 2.2.  

 

 

2.4.3 Vegetation community composition 

 The silhouette plot of upland plots clustered by species composition using Ward’s 

minimum variance revealed an optimal cluster number of k=3 (Figure 2.2a). The three groups 

each contained eight plots from the same a priori cover type, with no plots assigned outside of 

the cover type in which they were initially classified. The silhouette plot of riparian plots 

clustered by riparian species composition using Ward’s minimum variance revealed an optimal 

cluster number of k=2 (Figure 2.2b). The smaller of the two groups contained 10 plots, including 

eight native upland plots and two within tame forage. The larger group contained all of the 

remaining plots, including eight plots within cultivated cropland and five plots within tame 

forage. 

The NMDS of riparian species data (Figure 2.3) allowed me to identify species which 

contributed most strongly to the similarity/proximity of sites in reduced space.  

Indicator Cultivated Native Tame X2 p Group 

1. Vegetation cover 2.0 ± 2.1 4.8 ± 1.8 5.5 ± 0.9 10.04 0.007 A B B 

2a. Invasive species cover 1.1 ± 0.8 0.5 ± 0.8 0.4 ± 1.0 4.10 0.129   

2b. Invasive species distribution 0.4 ± 0.5 0.5 ± 0.9 0.1 ± 1.0 1.16 0.560 
 

3. Disturbance species cover 0.9 ± 0.6 1.6 ± 1.2 2.1 ± 1.0 5.93 0.051   

4. Woody regeneration 3.6 ± 2.6 4.7 ± 1.6 4.1 ± 1.8 1.18 0.555   

5. Shrub utilization 2.4 ± 0.9 1.8 ± 1.3 2.7 ± 0.7 2.16 0.340   

6. Vegetation alteration 0.3 ± 0.7 1.0 ± 2.1 1.0 ± 1.9 2.38 0.305   

7. Physical alteration 4.5 ± 4.0 12.0 ± 0.0 10.5 ± 4.0 16.93 <0.001 A B B  

8. Bare ground cover 2.0 ± 2.1 6.0 ± 0.0 6.0 ± 0.0 18.33 <0.001 A B B  

9. Water level modification 9.0 ± 0.0 9.0 ± 0.0 8.6 ± 1.0 2.00 0.368   

Total riparian health score 41.3 ± 7.9 73.1 ± 7.0 72.0 ± 7.5 14.06 0.001 A B B  
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Figure 2.2. Ward cluster dendrograms of (a) Upland plots grouped by range community 

composition and (b) Wetland plots grouped by riparian community composition. Gray dashed 

boxes indicate group designations as determined by optimum object silhouette width. The cover 

type within which each plot was located is indicated by colour as indicated by the legend in the 

top right.  
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Figure 2.3. NMDS of riparian plots by riparian species composition. Individual plots are 

represented by points coded by upland cover type. Text represents individual riparian species. 

NMDS final stress was 0.112. Matrix dimensions were 23 x 61. A full table of species and their 

axis scores can be found in Table 7.1, Appendix C.  
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2.4.4 Associations between riparian vegetation and range/riparian health components 

All range health components and many riparian health components were associated with 

riparian species composition, with the exception of InvDist, Dist, WoodyVeg, Browsing, 

AnthroVeg, and WaterLevel (Figure 2.4). Most components were positively associated with 

plots located in native and tame upland cover types, with vectors very tightly grouped. One 

exception to this trend was InvasCover, the score for cover of invasive species, which was 

positively associated with wetlands in cultivated sites. Species and VegLayers, the scores for 

resemblance to reference community and vertical stratification of vegetation layers, respectively, 

were more strongly associated with plots in native uplands than plots in tame uplands. 

 

Figure 2.4. NMDS of riparian plots by using riparian species frequency data. NMDS final stress 

was 0.112. Matrix dimensions were 23 x 61. A full table of species and their axis scores can be 

found in Table 7.1, Appendix C. Individual plots are represented by points coded by upland 

cover type (see legend). Vector overlays with text represent post hoc maximum correlation of 

plots with corresponding range and riparian health assessment components. Note that vectors 

represent high site scores; in the case of vectors such as AnthroBG, AnthroDist, BareGround, 

Erosion, and InvasCover, where high values are considered negative, this increasing score 

corresponds to a decrease in the absolute amount or cover of the indicator in question. 

Components with p-values < 0.05 (envfit permutation test) are not displayed. 
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2.5 Discussion 

 

2.5.1 Upland plots & range health scores 

 Clear differences were seen between upland plots in different management types, both in 

terms of species composition and range health assessment scores. This result was expected and is 

consistent with other studies that have found range health assessments to be appropriate indices 

for evaluating site functional attributes such as soil stability, hydrologic function, and biotic 

integrity (Pyke et al 2002). Since upland community composition at SDNWA is heavily 

influenced by corresponding management regime (cultivated, tame perennial forage, or remnant 

native Festuca grassland) it is not surprising that clustering plots by species composition resulted 

in groups that corresponded to these categorical cover types. Furthermore, since plot similarity to 

reference community is the highest-weighted component of the range health assessment, overall 

aggregate range health score is intrinsically linked to plot species composition. Structural and 

compositional differences in vegetation were the primary sources of difference detected between 

native and tame upland plots; no significant differences between the two cover types were 

detected for invasive species cover/distribution, soil stability, or litter cover. This implies that 

tame perennial forage uplands have the same capacity as native uplands to provide many 

important ecosystem services. Only compositional and structural integrity, which play important 

roles in nutrient flow and primary production, provision of appropriate habitat for wildlife, and 

system resilience and stability (Zedler et al 2012), were lacking in sampled tame plots.   

 I hypothesized that cultivated plots would obtain zero scores for all range health 

components, however some of the sampled plots retained residual function in the categories of 

soil stability and litter cover. Only two cultivated plots demonstrated extreme soil movement in 

the form of major gullying. These plots had been freshly disced in the spring for weed control 

and were not reseeded. The remaining six cultivated plots demonstrated some degree of erosion 

but were still moderately protected by the presence of stubble and seeded crops (canola). All of 

the cultivated plots I sampled featured extensive management-caused bare ground, but half 

contained enough litter and vegetation cover to avoid a score of zero for this component. Two 

plots retained 35-65% of the expected amount of litter present for a native, moderately grazed 

plot. These two plots scored higher than any of the other cultivated plots, with a total of 18 points 

each.  
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 Plots in native Festuca grassland were specifically selected not to be representative of the 

entire surrounding area, but as high quality, relatively uninvaded patches representing the “best” 

existing remnant native grassland at SDNWA. My reasoning was that plots located on a federally 

protected National Wildlife Area, should score relatively high on the range and riparian health 

assessments. These scores could be considered reasonable benchmarks to which other plots 

could be compared. Although the range health aggregate score has a maximum allotment of 100 

points, the mean score for native grasslands was 61 and the highest score obtained by any plot at 

SDNWA was 80. The ubiquitous presence of invasive alien species (including Elymus repens, 

Bromus inermis, Poa pratensis, Cirsium arvense, and Sonchus arvensis) was the main source for 

these reduced total scores. Fragmentation of remaining native patches, proximity to tame and 

cultivated sites, and lack of grazing may have contributed to the spread of invasive species across 

the SDNWA site. 

 

2.5.2 Wetland plots & riparian health scores 

Wetlands located in tame perennial forage and native Festuca grassland at SDNWA did 

not score significantly differently from each other in the aggregate riparian health assessment 

results, unlike those within cultivated cover types, which scored significantly lower. This implies 

that wetlands surrounded by upland cover types which have been rehabilitated from prior 

disturbance will eventually recover a functional level equivalent to those in unbroken native 

grassland. Other wetland conservation research (Gleason et al 2011) has found that conversion of 

cropland to perennial cover reduces erosion and sedimentation rates and increases infiltration in 

affected wetlands, supporting this conclusion. In contrast, the cluster analysis suggests a divide 

between native Festuca wetlands and tame forage wetlands based on species composition, 

grouping the majority of tame wetlands together with those located in cultivated cropland. Thus, 

despite recovering many of the important functional attributes identified by the riparian health 

assessment, wetlands in tame perennial cover types remain distinct from available reference 

communities in terms of species composition. This is consistent with other studies that have 

shown differences in dominant species and vegetation zonation between natural and restored 

wetlands (Galatowitsch and van der Valk 1996a). 

Many, if not most, wetland mitigation projects are evaluated for success on a short-term 

basis (<5 years), arguably too short to demonstrate long term resilience of the restored wetland 
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(Atkinson et al 2005). This has resulted in the overprediction of survival of planted species and 

even wetland destruction due to unforeseen stochastic events such as major flooding (Mitsch and 

Wilson 1996). This brings us to a question which remains a source of debate for wetland 

restoration: how should “success” of mitigation procedures for wetlands be evaluated? Central to 

this debate is the weight that should be attributed to restoration of wetland function versus 

restoration of species composition resembling a reference community (Mitsch and Wilson 1996; 

Whigham 1999). Traditional restoration efforts often focus on the restoration of abiotic 

conditions such as hydrological regime, with the assumption that species composition would 

follow (Galatowitsch and van der Valk 1996a; Suding et al 2004). The end goal for wetland 

restoration is frequently non-specific revegetation with less concern for the identity of 

recolonizing species or the type of community that develops (Mitsch and Wilson 1996). 

However, these approaches neglect to consider that a reduction in the biodiversity of locally 

adapted species may represent a loss of resilience to future disturbance (Zedler et al 2012). 

Attempts to return wetlands to historic abiotic condition may fail due to system 

transitions across a threshold to an alternative degraded state (Suding et al 2004; Smith 2012). In 

these cases the linear reversal of the processes which led to system degradation will not lead to 

system restoration. Feedback mechanisms between abiotic and biotic ecosystem components 

often complicate potential recovery to a functional wetland state. For instance, degraded systems 

often contain invasive plant species which respond differently than native plants to disturbance 

or hydrological regime, can cause shifts in biogeochemical cycling, alter trophic interactions 

resulting in positive feedback mechanisms which facilitate the invasives over the re-

establishment of native species (Suding et al 2004). Even if invasives are controlled or removed, 

native species may be unable to recover if the conditions under which they originally established 

no longer exist (Zedler et al 2012) or because of dispersal limitation caused by destruction of the 

seed bank and/or habitat fragmentation (Galatowitsch and van der Valk 1996a). Some projects 

have surmounted the latter problem by deliberately planting desired species to facilitate their 

establishment (Matthews and Endress 2008).  
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2.6 Conclusions 

Models designed to identify at-risk wetlands have identified cover and use of the 

surrounding landscape as the top predictors of wetland loss (Gutzwiller and Flather 2011). On a 

landscape scale, factors such as cover type and management regime can be used to recognize and 

prioritize at-risk wetlands. Rangeland and riparian health assessments are efficient tools to 

further quantify the functional capacity of wetlands within these cover types. The tight grouping 

of indicator vectors in my site NMDS (Fig. 2.4) suggests potential redundancy of some of these 

indicators, which if reduced would further increase the speed and efficiency of such evaluations. 

Assessment of the integrity of riparian plant community structure and composition in comparison 

to less modified native grassland counterparts requires the use of more thorough, time-

consuming vegetation sampling methods. Whether or not such a detailed species inventory is 

necessary to complete wetland evaluations is a subject of debate and may be dependent on 

management and mitigation goals. Although many short term studies have reported favorable 

outcomes in terms of restoration of plant species richness and composition following wetland 

mitigation, these may represent peaked trajectories followed by later reversion to a degraded 

state (Matthews et al 2009b). Despite native species losses, revegetating the surrounding uplands 

to tame perennial cover effectively restored wetland capacity to provide important ecosystem 

services. My results suggest that re-establishment and persistence of natural species composition 

will not occur without concerted, adaptive efforts to reverse positive feedback mechanisms 

responsible for maintaining degraded states. 
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Chapter 3 preamble 

The objective of this chapter was to examine the impacts of grazing on wetland health 

and species composition in native and tame pastures. This study included data collected from the 

ungrazed native and tame cover sites reported in Chapter 2 and additional data collected from 

grazed and ungrazed native and tame sites in east-central Saskatchewan. This study highlights 

differences in wetland function and composition driven by grazing and perennial cover type and 

explores how variation in individual rangeland and riparian health component scores can be 

related to upland cover type and grazing regime.   
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3 The use of riparian health assessments to evaluate cumulative 

anthropogenic effects to grazed and ungrazed wetlands in the prairie 

pothole region of Saskatchewan 

3.1 Abstract 

Riparian health assessments are indicator-based tools designed to evaluate wetland function 

under different grazing regimes on rangelands. Riparian health assessment is efficient and cost-

effective with potential for broader use monitoring wetland management or restoration activities, 

and environmental assessment of fragmented landscapes representing a mosaic of land uses. In 

this study I investigated the hypothesis that riparian health assessments can distinguish between 

wetlands situated in grazed or ungrazed pastures within two representative cover types: tame 

perennial forage and native grassland. Noting that current riparian health assessment protocols 

lack a community composition component other than the presence and distribution of invasive 

and disturbance species, I also sampled plant species frequency at each of my study sites. This 

was to test the hypothesis that species composition would vary between wetlands located in 

different management regimes. I found that grazing status was more important than upland cover 

type in determining wetland health, with grazed wetlands receiving significantly lower 

assessment scores than their ungrazed counterparts. In addition, although grazing negatively 

affected riparian ground cover and soil stability, it significantly reduced both the overall cover 

and distribution of invasive plant species along wetland reaches. However, despite the functional 

similarity of wetlands in tame and native pastures, NMDS analysis revealed that the riparian 

species composition differed between wetlands within the two upland cover types. These results 

suggest that upland revegetation and restoration of function to degraded wetlands is not 

necessarily followed by re-establishment of original riparian species composition. If biodiversity 

is a desired outcome of wetland restoration efforts, additional measures must be taken to enable 

the establishment and persistence of preferred plant species. 
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3.2 Introduction 

Conservation agencies, land managers, and industry mitigation specialists use a range of 

strategies for restoring damaged wetlands, including restoring the hydrology of infilled basins 

(Seabloom and van der Valk 2003a), revegetation of uplands to perennial cover (Arnold et al 

2007; Balas et al 2012), and in some cases active wetland revegetation (O’Connell et al 2013). 

Factors such as the temporal and spatial complexity of riparian ecosystems, frequent lack of 

baseline data to which current conditions can be compared, uncertain criteria for defining 

successful restoration, and the limitations of the assessment protocols available can hinder the 

qualitative evaluation of mitigation and management efforts (Detenbeck and Elonen 2002; 

Seabloom and van der Valk 2003a; Noble et al 2011). The perception that extensive data 

collection and evaluation are necessary can cause wetland mitigation to be regarded as 

unfeasible, particularly in the case of small routine developments where a lengthy assessment 

process could delay permit acquisition and construction deadlines (Nielsen et al 2012). To spare 

small developments from inconvenience and delay, those projects may be exempted from the 

need to trigger an environmental assessment if their predicted environmental effects are 

seemingly minor (Noble et al 2011; Government of Saskatchewan 2013). However, although 

small individual projects may not significantly impact surrounding wetlands, the cumulative 

effect of many such small projects can result in a regionally significant net loss of wetland 

habitat and function (Whigham 1999). To improve cumulative effects assessment and effective 

wetland mitigation, standardized assessment protocols are needed that are cost-effective, 

generate useful quantitative data, and that can be performed in a timely manner. 

Accurate estimates of forage production and a sustainable stocking rates based on the 

health or condition of representative sites within a pasture are critical for effective rangeland 

management.  The first approaches to rangeland health assessment compared plant species 

composition to a climax community (Pyke and Herrick 2003). Current methods apply multiple 

indicators of ecosystem function in standardized forms to evaluate rangeland health (Briske et al 

2005). It is also now recognized that upland range assessments do not adequately characterize 

the impacts of grazing on wetlands (Pyke and Herrick 2003). As a result, separate methods to 

assess riparian health are now commonly employed to evaluate the condition of prairie 

rangelands and associated wetland habitats (e.g. Fleming et al 2001; Saskatchewan PCAP 

Greencover Committee 2008a; Saskatchewan PCAP Greencover Committee 2008b; Sheley et al 
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2011; Symstad and Jonas 2011). 

Range and riparian health assessments are designed to be used by anyone familiar with 

the local flora. They require no specialized equipment or laboratory analyses, making them swift 

and cost-effective. Because these assessments measure the function of a broad range of 

ecosystem processes using simple aggregate indicators, they are also data-efficient 

(Saskatchewan PCAP Greencover Committee 2008a; Saskatchewan PCAP Greencover 

Committee 2008b; Sheley et al 2011). These indices were first developed to evaluate a single 

category of land use: grazed pastures of either native or tame plant community composition. 

However, their potential application is much wider.  In this study, I evaluate the potential for 

upland and riparian health assessments to be used as a tool to measure indirect and cumulative 

impacts of grazing and tame pasture development on prairie pothole wetlands in the Aspen 

Parkland ecoregion. I assess wetlands in four categories of land use that represent different levels 

of anthropogenic modification: ungrazed native grassland, grazed native grassland, ungrazed 

tame perennial forage, and grazed tame perennial forage. 

The objectives of my study are to test the following hypotheses: 1) riparian sites located 

in native grasslands will have higher assessment scores than those in tame pastures; 2) 

differences in riparian plant community composition will occur between the four land use 

categories; and 3) at least some component scores of the range and riparian health assessments 

will be associated with and predictive of differences in riparian species composition between 

sites.  
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3.3 Methods 

3.3.1 Study area 

In this study I analyzed range and riparian health and plant community composition data 

for 36 wetland/upland units. Data was collected in 2013 and 2014 in central Saskatchewan at the 

southern edge of the Aspen Parkland ecoregion. The climate is subhumid with mean annual 

precipitation of 350 mm punctuated by both multi-year droughts and periodic episodes of 

extreme precipitation (Johnson et al 2005). Temperatures fluctuate seasonally with a mean 

January low of -22°C and mean July high of 25°C (Environment Canada 2013). This ecoregion 

is a transitional grassland historically characterized by plains rough fescue (Festuca hallii) 

dominated prairie interspersed with stands of  trembling aspen (Populus tremuloides) (Padbury et 

al 1994). Soils are predominantly dark brown chernozems, rich in soil organic matter and 

especially suitable for agronomic production (Pennock et al 2011). Current land use is primarily 

agricultural, and vegetation cover consists of a mosaic of annual cropland, pastureland seeded to 

tame perennial forage, and small remnant patches of native prairie.  

The landscape contains a high density of glacially-formed wetland depressions known as 

prairie potholes (Johnson et al 2005). These wetlands are often seasonally ephemeral, containing 

water during the initial spring melt and later drying out completely. Hydroperiod length depends 

on precipitation, basin size and depth, and the type/amount of vegetative cover (Millar 1976; van 

der Kamp et al 2003). During a succession of dry years some prairie potholes may not retain 

standing water even in the early spring. Riparian vegetation is adapted to both seasonal and long 

term climactic variability, with community composition often changing dynamically during 

cycles of inundation and drying out (Johnson et al 2005). 
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Figure 3.1. Map of study area showing locations of study units in relation to boundaries of 

Saskatoon, Saskatchewan and surrounding Rural Municipalities (Saskatchewan Geospatial 

Imagery Collective 2013). St. Denis National Wildlife Area (SDNWA; represented by asterisk) 

contains 20 of the 36 study units. The remaining study units consist of privately owned pastures 

in the surrounding area.  
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3.3.2 Experimental design 

Sampling units for this study consisted of randomly selected individual wetlands and 

their respective surrounding uplands, representing either remnant native prairie grassland or 

seeded tame perennial forage. I excluded study units featuring very small wetlands (<800 m2), 

wetlands spanning more than one land cover type, wetlands located within 5 m of a management 

unit boundary, and wetlands with limited surrounding upland area. In total, I sampled 10 

wetlands within ungrazed native grasslands, 10 in ungrazed tame pastures, 8 in grazed native 

grasslands, and 8 in grazed tame pastures. The majority of the sampling of ungrazed wetlands 

was performed at St. Denis National Wildlife Area (SDNWA) in 2013, with the exception of 

three SDNWA pastures and one private pasture sampled in 2014. Sampling for grazed wetlands 

was performed in surrounding private pastures in 2014. Grazed pastures varied widely in size, 

stocking rate, season, and duration of grazing; thus my focus in this study was on the general 

effects of grazing rather than on a specific grazing regime. Logistical constraints and the rarity of 

ungrazed privately owned land prevented the sampling of equal numbers of grazed and ungrazed 

sites in both years.  

At each study location, upland plots measuring 15 m x 30 m (450 m2) were sampled in 

June and July, during which many prairie plants are at their phenological peak and most easily 

identified. These plots were placed at approximately mid-slope position to either the east or west 

of the selected wetland to minimize aspect-influenced differences in microclimate, which are 

most extreme on north- and south-facing slopes (Dix and Ayyad 1964). Rangeland health 

assessments were conducted for the entire plot area (Saskatchewan PCAP Greencover 

Committee 2008a) (Table 3.1). Litter was assessed by hand-raking a random 0.5m x 0.5 m area 

and comparing to reference photos (Saskatchewan PCAP Greencover Committee 2008a). 
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Table 3.1. Rangeland health assessment indicators (Saskatchewan PCAP Greencover 

Committee, 2008a). Indicator names in brackets denote shorthand variable names used in tables 

and figures elsewhere in the document. 

Indicator Description Max. value 

1. Species composition (Species) Types and amounts of vegetation 
relative to reference site 

40 

2. Community structure (VegLayers) Presence/absence of expected 
community cover/canopy layers 

10 

3. Invasive species (RangeInvCov and 
RangeInvDist) 

a. Overall coverage across site 5 

b. Distribution pattern across site 5 

4. Site stability (Erosion and 
BareGround) 

a. Degree of site erosion 10 

b. Coverage of bare soil  5 

5. Hydrologic function/soil protection 
(Hydro) 

Ability of site to protect soil surface 
and capture/release water (measured 
by amount of litter present on site) 

25 

 Total possible score 100 

 

Riparian sampling was conducted in August and September 2013 and 2014, when water 

levels had receded and riparian plants were most easily identified. Sampling was conducted 

along a 100 m transect located on the east or west side of each wetland and following the edge of 

the waterline. Riparian health assessments were conducted for the entire 100 m transect (Table 

3.2) (Saskatchewan PCAP Greencover Committee 2008b). Rectangular 0.5 m x 1.0 m quadrats 

were placed in ten randomly selected locations along each transect to record vascular plant 

species presence/absences, from which species frequency was calculated. Where dense woody 

vegetation prevented access to the quadrat, the species of obstructing tree or shrub was recorded 

as the sole occupant of that quadrat. 
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Table 3.2. Riparian health assessment indicators (Saskatchewan PCAP Greencover Committee, 

2008b). Indicator names in brackets denote shorthand variable names used in statistical analysis. 

Indicator Description Max. value 

1. Vegetation cover (VegCover) Proportion of reach covered by vegetation 6 

2. Invasive species cover (InvasCover 
and InvasDistr) 

a. Overall coverage across site 3 

b. Distribution pattern across site 3 

3. Disturbance-tolerant vegetation 
cover (Dist) 

Coverage of disturbance-adapted species, not 
including invasives 

3 

4. Presence & regeneration of woody 
vegetation (WoodyVeg) 

Occurrence of preferred woody vegetation in 
a variety of age classes 

6 

5. Utilization of preferred trees/shrubs 
(Browsing) 

Occurrence and degree of overbrowsing 3 

6. Human alteration of vegetation 
(AnthroVeg) 

Anthropogenically altered community 
composition or removal of vegetation  

6 

7. Human alteration of the physical site 
(AnthroDist) 

Disturbance caused by pugging/rutting, 
construction, or modification of shoreline  

12 

8. Human caused bare ground 
(AnthroBG) 

Coverage of bare ground caused by grazing, 
trails, or cultivation 

6 

9. Artificial modification of water level 
(WaterLevel) 

Artificially drained or raised water level 9 

 Total possible score 57 
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3.3.3 Statistical analysis 

Three separate data matrices were generated: (1) range health assessment scores for each 

upland plot, (2) riparian health assessment scores for each riparian transect, and (3) species 

frequency scores for each riparian transect. Species with total study-wide occurrences <5 were 

excluded from analysis. All analyses were conducted using R version 3.0.2 and RStudio version 

0.98.1091 (R Core Team 2013; RStudio Team 2015). 

Species frequencies were Hellinger transformed prior to analysis (Oksanen et al 2013). 

The Hellinger transformation was selected because it is asymmetric (excludes joint absences) 

and emphasizes relative rather than absolute differences in abundance (Legendre & Legendre 

2012). The PCAP range and riparian health assessments are composed of dimensionless ordinal 

data (Tables 3.1, 3.2). To ensure that indicator scores from the different assessment methods 

could be meaningfully compared, these data were standardized by centering and scaling to unit 

variance.   

Non-metric multidimensional scaling (NMDS) using site species data overlaid with range 

and riparian health component scores was used to explore potential relationships between 

ecological indicators and riparian species composition (Oksanen et al 2013). Component scores 

associated with specific groups of sites were visually identified by examining length and 

direction of vectors displayed in the NMDS plots. 

The envfit function (Oksanen et al 2013) was used to optimally fit vectors of rangeland and 

riparian health components to the NMDS based on the maximum correlation between each 

variable and the ordination. As part of the envfit function, permutation tests were performed (999 

repetitions each) to test for significance of each individual environmental variable in relation to 

site species composition. The non-parametric Kruskal-Wallis ranked sum test was used for 

differences in rangeland and riparian health scores between grazed and ungrazed native and tame 

sites. When the overall K-W test was significant it was followed by pairwise Wilcoxon rank sum 

tests to determine which of the four groups were significantly different from each other. 
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3.4 Results 

Ungrazed native study sites had significantly higher overall range health scores than 

ungrazed tame, grazed tame, or grazed native sites (Figure 3.2b, Figure 3.3) Riparian health 

assessment scores were significantly different between grazed and ungrazed sites but not 

between cover types (Figure 3.2a, Figure 3.3). 

 

Figure 3.2. Boxplots showing median and interquartile range of a) riparian and b) rangeland 

health assessment scores for four groups of plots based on cover type and grazing status. 

Kruskal-Wallis test statistics comparing means between the four categories are shown. Letter 

designations show significant differences between groups as per Wilcoxon rank sum test results. 
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Figure 3.3. Scatterplot showing relationship between rangeland and riparian health scores. 

Points represent individual study units (see legend). 

 

NMDS ordination of the study plots using riparian species frequency data revealed 

distinct differences in composition between both grazed and ungrazed sites and sites located 

within tame and native uplands (Figure 3.4; Table 6.2 Appendix B). Wetlands in ungrazed native 

pastures were characterized by higher frequencies of native riparian & upland species such as 

Amelanchier alnifolia, Artemisia ludoviciana, Cirsium flodmanii, Elymus lanceolatus ssp. 

lanceolatus, Festuca hallii, Glycyrrhiza lepidota, Helianthus pauciflorus ssp. subrhomboideus, 

Maianthemum stellatum, Muhlenbergia richardsonii, Rosa acicularis, and Symphiotrichum 

laeve. Ungrazed tame pastures were characterized by higher frequencies of Artemisia 

absinthium, Bromus inermis, Cirsium arvense, Elymus repens, Persicaria amphibia, Poa 

palustris, Populus tremuloides, Salix spp., and Urtica dioica. While ungrazed sites contained 
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higher frequencies of the species mentioned above, grazed sites were characterized by species 

such as Beckmannia syzigachne, Chenopodium album, Eleocharis palustris, Elymus lanceolatus, 

Equisetum arvense, Galium trifidum, Hordeum jubatum, Melilotus albus, Nassella viridula, 

Pascopyrum smithii, Phalaris arundinacea, Ranunculus cymbalaria, Rumex crispus, Solidago 

missouriensis, Symphiotrichum falcatum, Taraxacum officinale, Typha latifolia, Viola spp., and 

Zizia aptera. An exception to this trend was the ungrazed tame outlier seen in Fig 3.4, which had 

a species composition more similar to the grazed sites in our study. This site was characterized 

by higher frequencies of species such as Beckmannia syzigachne, Carex atherodes, 

Calamagrostis spp., and Eleocharis palustris than other ungrazed tame sites. 

Permutation tests performed by the envfit function revealed that seven of the 16 

individual rangeland and riparian health variables (RangeComp, VegLayers, RangeBG, 

RipInvasCover, RipInvasDist, RipVegCover, and AnthroDisturb) were significant in explaining 

variation in species composition between sites. Environmental vectors for decreased rangeland 

bare ground, decreased physical anthropogenic disturbance of riparian sites, and increased 

riparian vegetation cover were most strongly associated with native ungrazed sites, and 

secondarily with tame ungrazed sites. Presence of all expected vegetation layers and upland 

resemblance to reference community were most strongly associated with native ungrazed sites. 

Reduced cover and distribution of invasive species, indicated by higher scores for 

RipInvasCover and RipInvasDist, were more strongly associated with grazed tame and native 

sites than their ungrazed counterparts.  

The Kruskal-Wallis and Wilcoxon rank sum tests revealed significant differences 

between the mean values of sites in different cover types for most of the variables listed above 

(Figure 3.5; Table 6.1 Appendix B). Ungrazed native grasslands had significantly higher 

resemblance to the rangeland reference community than other groups. Native grasslands, both 

grazed and ungrazed, had higher scores for the presence of expected vegetation layers than tame 

pastures. Ungrazed native pastures had less upland bare ground than grazed tame pastures, but 

were not significantly different from other cover types. Ungrazed pastures had significantly 

lower scores for both cover and distribution of riparian invasive species than grazed pastures (i.e. 

significantly fewer invasive plants were found in grazed pastures). In contrast, ungrazed pastures 

had significantly higher scores for physical anthropogenic disturbance of the riparian area than 

grazed pastures, meaning that grazed pastures showed more signs of disturbance than ungrazed 
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ones. Ungrazed tame pastures showed significantly less browsing damage than other site types. 

Riparian vegetation cover, although found to be significantly related to species composition in 

the envfit permutation test, was not significantly different between cover types.  

 

 

Figure 3.4. NMDS ordination of study plots using riparian species frequency data. NMDS final 

stress was 0.165. Matrix dimensions were 35 x 88. A full table of species and their axis scores 

can be found in Table 7.2, Appendix C. Individual plots are represented by points coded by 

upland cover type and grazing status (see legend). Vector overlays with text represent post hoc 

maximum correlation of plots with corresponding range and riparian health assessment scores. 

Note that vectors represent high site scores; in the case of vectors such as RipInvDistr, 

RipInvasCover, AnthroDisturb, and RangeBG, where high values are considered negative, this 

increasing score corresponds to a decrease in the absolute amount or cover of the indicator in 

question. Components with p-values < 0.05 (envfit permutation test) are not displayed. 
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Figure 3.5. Boxplots showing median and interquartile range of rangeland and riparian health 

component scores for four groups of plots based on cover type and grazing status. Only those 

component scores that were shown through permutation testing to be significantly associated 

with riparian species composition (p < 0.05) or had significant Kruskal-Wallis test results are 

shown. a) Upland resemblance to reference community; b) Presence of expected rangeland 

vegetation layers; c) Rangeland bare ground cover; d) Riparian vegetation cover; e) Canopy 

cover of riparian invasive species; f) Distribution pattern of riparian invasive species; g) Degree 

of browsing of preferred woody vegetation; h) Human alteration of the riparian physical site. 
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3.5 Discussion 

3.5.1 Riparian health assessments 

Less than half of the components of the rangeland and riparian health assessments were 

significantly correlated with riparian species composition. This is unsurprising given that they 

were designed as diagnostic tools for determining the functional health of grazed pastureland. I 

found no significant difference in riparian health score for wetlands in tame versus native 

uplands. This implies that wetlands surrounded by upland cover types rehabilitated from prior 

disturbance (e.g. tame pastures) will eventually recover a functional level equivalent to those in 

unbroken native grassland. Other wetland conservation research (Gleason et al 2011) has found 

that conversion of cropland to perennial cover reduces erosion and sedimentation rates and 

increases infiltration in affected wetlands, supporting this conclusion. In contrast, ungrazed 

wetlands in both native and tame uplands obtained significantly higher overall riparian health 

scores than their grazed counterparts.  

Riparian areas within ungrazed sites showed fewer signs of physical disturbance and 

exposed ground than riparian areas in grazed pastures. Cattle often frequent riparian areas due to 

the availability of water, shelter, and extremely productive forage (Kauffman and Krueger 1984). 

Physical disturbance in grazed pastures took the form of pugging/hoof shearing and the presence 

of well-used cattle trails. These livestock activities result in compaction of the soil, which in turn 

reduces soil infiltration capacity and further reduces plant growth (Clary 1995; Schmalz et al 

2013). Soils that lack adequate vegetation or litter cover are more susceptible to compaction and 

are reduced in their ability to trap sediment, capture surface runoff, and prevent or reduce erosion 

(Saskatchewan PCAP Greencover Committee 2008b). Soils with high moisture content are 

especially susceptible to further compaction, making this a particular problem for grazed riparian 

areas (van Heveren 1983; Naeth and Chanasyk 1990). 

Significantly reduced browsing in ungrazed tame pastures indicates that these habitats are 

less frequently visited by native ungulates than ungrazed native ones. Wild herbivore preference 

for native areas may be due to the prevalence of preferred forage species, increased cover in the 

form of stands of Populus tremuloides and Salix spp., and/or increased frequency of haying in 

tame pastures.  
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Although grazing negatively affected riparian ground cover and soil stability, it 

significantly reduced both the overall cover and distribution of invasive plant species along 

wetland reaches. These species are rapid colonizers of pasture lands regardless of cover type and 

are difficult to eradicate once established (Saskatchewan PCAP Greencover Committee 2008b). 

They easily outcompete native and agronomically important tame forage species. Many are 

unpalatable, poisonous, or provide little forage value to livestock (DiTomaso 2000). Invasive 

species such as Artemisia absinthium, Bromus inermis and Cirsium arvense were present in 

nearly all study units, but were significantly more widespread in ungrazed units than grazed 

ones. This suggests that grazing could be an effective tool for invasive species management and 

control. However, the relationship between grazing and invasive abundance is complex and 

dependent on many factors. Type of livestock, timing and duration of grazing, stocking rate, and 

other grazing management practices all affect invasive species abundance, and overgrazing and 

selective grazing can often be associated with the invasion of exotic species into native 

rangelands (DiTomaso 2000; Marty 2005).  

Disturbance-adapted plant species are indicators of anthropogenic alteration to the plant 

community, and are often shallow-rooted, thus reducing the riparian area’s capacity to bind and 

protect the soil (Saskatchewan PCAP Greencover Committee 2008b). The rangeland health 

assessment has a single evaluative component for both invasive and disturbance-adapted species, 

based on a species list compiled by local experts (Saskatchewan PCAP Greencover Committee 

2008a). The riparian health assessment uses the Weed Control Act (Saskatchewan Ministry of 

Agriculture 2014) to designate species as either invasive or disturbance-adapted, and contains 

separate evaluative components for both categories. I found no significant difference in the 

abundance of disturbance-adapted species between grazed and ungrazed study units.  
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3.5.2 Riparian plant community composition 

Various classification systems exist that use climate, geography, and dominant vegetation 

types to characterize distinct biogeographic regions down to smaller-scale ecosites (e.g. Wiken 

1986; Padbury et al 1994; Thorpe 2007). The rangeland health assessment uses the concept of 

ecosites, which are defined both by physical site characteristics such as topography and soil type 

as well as predominant vegetation. Pastures under evaluation are compared to these reference 

communities. Unlike the rangeland health assessment, the riparian health assessment protocol 

does not include an evaluation component for directly comparing plant community composition 

to a reference community. 

Although some characteristics of riparian areas may be related to the ecosite 

classification of the adjacent uplands, there are many additional abiotic factors that influence 

wetland community composition. As a result, wetland classification is commonly based on 

hydrologic processes and functional vegetation types rather than specific plant communities. 

Wetland size, basin depth and shape, water source and chemistry, and hydrology are some of the 

additional factors that are used to classify and describe wetlands (National Wetlands Working 

Group 1997). Classification using a reference community would be particularly challenging in 

wetlands where species composition can shift dynamically in response to changes in 

precipitation and runoff over time (Seabloom and van der Valk 2003b). Despite these 

complications, I was interested in how plant community composition between hydrologically 

similar wetlands within the study area varied depending on upland cover type and grazing 

regime.  

It should be noted that many species typically considered as upland plants were found 

within nearly all sample units. In the 2013-2014 seasons, record precipitation was recorded for 

the study area. Water levels in prairie pothole-type wetlands fluctuate with precipitation runoff, 

many of the wetland basins in the study area were filled with more water than usual, partially 

flooding portions of riparian communities that had been above water in preceding years. This 

meant that the riparian margin area available for sampling consisted of proportionally more of 

the outermost zonation rings, including the transition between riparian vegetation and upland 

vegetation.  

Wetlands within tame pastures contained species assemblages distinct from wetlands 

within native grasslands. This difference was especially apparent in pastures free from the 
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influence of grazing. Wetlands in ungrazed native pastures were characterized by higher 

frequencies of native riparian and upland forbs and graminoids. Ungrazed tame pastures were 

characterized by higher frequencies of invasive and woody species. Some of these, such as 

Bromus inermis, are often seeded as a component of perennial forage mixtures. This species 

spreads via aggressive rhizome propagation and flourishes in the moister soil found in riparian 

environments (Otfinowski and Kenkel 2008). Woody species such as Populus tremuloides and 

Salix spp. are naturally found around wetlands in the area. Most of the other species found 

predominantly in tame pastures are common agricultural weeds, considered either invasive or 

disturbance-caused under the riparian health assessment protocols.  

The study sites located at SDNWA consist of previously cultivated land that was seeded 

to perennial cover suitable for waterfowl nesting in the late 1970s and early 1980s (Henderson 

2013). Land use history for the private sites was more variable and not always available, but 

most pastures had been converted to perennial non-native forage for at least 10 years. It is a 

common agricultural practice to cultivate wetlands and/or marginal riparian areas along with the 

surrounding upland when conditions are dry enough. Such disturbance to wetland margins and 

basins reduces seed bank diversity and facilitates the introduction and establishment of invasive 

or disturbance-tolerant plant species (Galatowitsch and van der Valk 1996a). Even if wetlands 

are not directly cultivated, proximity to agricultural land and exposure to herbicides and 

fertilizers can result in decreased riparian species richness and/or a shift from native perennial 

species to weedy annuals (Schik et al 2000).  

Historically, wetland mitigation has operated under the assumption that if the 

functional/hydrological characteristics of wetlands are restored, revegetation of native/desirable 

species will follow (Galatowitsch and van der Valk 1996b; Reinhardt Adams and Galatowitsch 

2007). Alternatively, wetland restoration may be undertaken with the end goal of non-specific 

revegetation, i.e. with little concern about the identity of recolonizing species or the type of 

community that develops (Mitsch and Wilson 1996). These strategies are reflected in my 

research sites, in which no special efforts were made to return riparian vegetation to pre-

cultivated species composition after surrounding uplands were restored. Despite recovery of 

many of the important functional attributes identified by the riparian health assessment, wetlands 

in tame perennial cover types remained distinct from available reference communities in terms of 

species composition. This is consistent with other studies that have shown differences in 
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dominant species and vegetation zonation between natural and restored wetlands (Galatowitsch 

and van der Valk 1996a).  

The clear differences in species composition between grazed and ungrazed wetlands 

support other research demonstrating that the activity of cattle and other ungulates can influence 

plant species composition. Mechanisms by which cattle and other livestock can increase species 

diversity in wetlands include increasing environmental heterogeneity by trampling and soil 

disturbance, reducing competition by defoliating dominant species, and adding nutrients in the 

form of  livestock waste (Marion et al 2010).  I found that grazed study units contained reduced 

cover and distribution of invasive plant species compared to ungrazed units. These results are 

consistent with other studies that have found well-managed grazing to be an effective tool in 

controlling invasive species and increasing diversity (Kauffman and Krueger 1984; Marty 2005).  
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3.5.3 Rangeland health assessments 

This study demonstrates that upland cover and grazing effects on rangeland health were 

strongly correlated with riparian health and wetland plant composition. Ungrazed native 

grasslands had the highest rangeland health scores of the four cover types (Figure 3.2). Since the 

component with the highest possible score in the PCAP rangeland health assessment is similarity 

to reference community (40 out of 100 total points), pastures that have been cultivated and 

seeded to tame forage will not score highly using this assessment method. For this reason, a 

modified version of the rangeland health assessment is often used when evaluating pastures 

where the predominant cover is agronomic forage (Adams et al 2002). Interestingly, when I 

removed similarity to reference community and re-examined overall rangeland health scores 

based on functional attributes alone, ungrazed native grasslands still had higher mean scores than 

other groups (mean scores and standard deviations: grazed native 31.1 ± 12.6; grazed tame 23.5 

± 13.4; ungrazed native 47.3 ± 5.0; ungrazed tame 36.5 ± 10.3). Both grazed and ungrazed native 

grasslands had more complex vegetational structure than tame grasslands, which tended to be 

missing low-statured forbs and moss ground cover.  

With the exception of one grazed native site, none of the uplands sampled in this study 

obtained scores higher than zero for cover and distribution of invasive species. To score points in 

these categories, sites must contain invasive species cover of less than 1% with a rare or 

extremely sporadic distribution pattern. Most of the study sites are 65 ha or less in size, often 

bordered by roads, unmanaged brush, and/or cropland. In particular, the proximity of pastures in 

this study area to roads, which are known to facilitate of invasive species dispersal (Forman and 

Alexander 1998; von der Lippe and Kowarik 2007), likely contributed to low scores in these 

categories. In highly fragmented regions where invasive species are widely distributed, the 

current rangeland health assessment may not be effective in detecting significant differences in 

the degree of invasion between sites. 
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3.6 Conclusion 

The short-term (<5 years) basis of evaluation for many wetland mitigation projects may 

be too short to demonstrate long term resilience of the restored wetland (Atkinson et al 2005). 

Overprediction of planted species survival and wetland destruction due to stochastic events such 

as major flooding are examples of how short-term mitigation evaluation may fall short (Mitsch 

and Wilson 1996). How wetland mitigation successes should be evaluated remains a source of 

debate for those involved in wetland restoration. Traditional restoration efforts have often 

focused on the restoration of abiotic conditions such as hydrological regime, with the assumption 

that species composition and restoration of function would follow (Galatowitsch and van der 

Valk 1996a; Suding et al 2004). However, the importance of functional wetland restoration 

versus compositional resemblance to original reference communities has come under debate 

(Mitsch and Wilson 1996; Whigham 1999).  

System transition across a threshold to an alternative degraded state may prevent the 

ability to restore a wetland to original historic conditions (Suding et al 2004; Smith 2012). 

Reduced biodiversity and loss of locally adapted species may represent a loss of resilience to 

future disturbance (Zedler et al 2012). In these cases the linear reversal of processes which led to 

system degradation will no longer lead to system restoration. Feedback mechanisms between 

abiotic and biotic ecosystem components often complicate potential recovery to a functional 

wetland state. For instance, defoliation of marginal riparian vegetation by livestock grazing can 

result in reduced evapotranspiration and longer hydroperiods than in their ungrazed counterparts 

(Marty 2005). Invasive plants respond differently than native plants to disturbance or changes in 

hydrological regime. This may result in positive feedback mechanisms that facilitate invasive 

species dominance over native species re-establishment (Suding et al 2004). The control or 

removal of invasive species may not facilitate the return of native species if the conditions under 

which they originally established no longer exist (Zedler et al 2012). Dispersal limitation caused 

by destruction of the seed bank and/or habitat fragmentation may also hinder recovery of native 

populations (Galatowitsch and van der Valk 1996a). Deliberately planting desired species to 

facilitate their establishment can be an effective strategy for surmounting this problem 

(Matthews and Endress 2008).  

Models designed to identify at-risk wetlands have found that cover and land use in the 

surrounding landscape were the top predictors of wetland loss (Gutzwiller and Flather 2011). On 
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a landscape scale, factors such as cover type and management regime can be used to recognize 

and prioritize at-risk wetlands. Rangeland and riparian health assessments are efficient tools to 

further quantify the functional capacity of wetlands within these different cover types. However, 

assessment of the integrity of the riparian plant community requires the use of more thorough, 

time-consuming vegetation sampling methods. Whether or not such a detailed species inventory 

is necessary to complete wetland evaluations is a subject of debate and may be dependent on 

management and mitigation goals. Although many short term studies have reported favourable 

outcomes in terms of restoration of plant species richness and composition following wetland 

mitigation, these may represent peaked trajectories followed by later reversion to a degraded 

state (Matthews et al 2009a). Despite maintaining a distinctly different species composition, 

wetlands within revegetated tame uplands were able to provide ecosystem services at a level of 

function similar to that of undisturbed reference wetlands. The results of this study suggest that 

re-establishment and persistence of natural wetland species composition will not occur without 

actively introducing desired wetland plant species in addition to upland revegetation. Additional 

management such as grazing may help to reduce invasive plant cover while maintaining native 

plant diversity.  
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4 General discussion and conclusions 

 

4.1 Study summary 

Rangeland and riparian health assessments can be practical tools for rapid evaluation of 

prairie pothole wetlands and uplands in the Aspen Parkland of Saskatchewan, Canada. The 

majority of wetlands within this agricultural matrix are directly or indirectly affected by 

anthropogenic activity; this includes wetlands located within untilled remnant native prairie 

(Bartzen and Dufour 2010). Indirect anthropogenic impacts occur via mechanisms such as 

habitat fragmentation, chemical drift, and removal of historically prevalent disturbance (Euliss 

and Mushet 1999; Voldseth and Johnson 2007).  

 

Figure 4.1. Scatterplot showing conceptual relationships between rangeland and riparian health 

scores and anthropogenic impacts. Points represent individual study units (see legend). 
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Both land cover type (cultivated, tame forage, or native grassland) and land use (grazed 

or ungrazed) were significant predictors of rangeland and riparian health scores and riparian 

species composition (Figure 4.1). Wetlands surrounded by cultivated uplands had reduced 

function compared to those within native grasslands. In particular, wetlands in cultivated sites 

had reduced vegetation cover, more bare ground, and more physical disturbance than those 

surrounded by perennial vegetation. Reduced scores in these categories reflect wetlands more 

susceptible to compaction, less able to trap sediment, capture surface runoff, and prevent or 

reduce erosion (Saskatchewan PCAP Greencover Committee 2008b). Wetlands surrounded by 

cultivated land were compositionally distinct from native counterparts. Repeated cultivation of 

ephemeral wetlands results in altered seed bank composition and destruction of perennial 

rhizomes (Kantrud and Newton 1996; Beas et al 2013). This, along with the introduction of 

invasive forage grasses and the use of herbicides and fertilizers on cultivated land, shifts the 

plant community toward disturbance-adapted species and decreases overall species richness 

(Kantrud and Newton 1996). Invasive plant species may respond differently than native plants to 

disturbance or hydrological regime, can cause shifts in biogeochemical cycling or alter trophic 

interactions, resulting in positive feedback mechanisms which facilitate the perpetuation of these 

invasive species and exclusion of native species (Suding et al 2004).  

Wetlands embedded in uplands that were restored 35 years ago and left ungrazed 

recovered functionality similar to native reference wetlands. However, species composition was 

more similar to wetlands in cultivated uplands than native ones. Other studies have shown 

differences in dominant species and vegetation zonation between natural and restored wetlands 

(Galatowitsch and van der Valk 1996; Seabloom and van der Valk 2003). Even if invasive 

species are controlled or removed, native species may be unable to recover if the conditions 

under which they originally established no longer exist (Zedler et al 2012) or because of 

dispersal limitation caused by destruction of the seed bank and/or habitat fragmentation 

(Galatowitsch and van der Valk 1996a). If biodiversity is a desired outcome of wetland 

restoration efforts, additional measures must be taken to enable the establishment and persistence 

of preferred plant species. Some projects have surmounted the latter problem by deliberately 

planting desired species to facilitate their establishment (Matthews and Endress 2008). Managed 

grazing is another method used to control weedy species and increase pasture biodiversity 

(Popay and Field 1996; Toombs et al 2010). Species composition of wetlands within native and 
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tame grasslands was more similar in pastures grazed by livestock. Grazing also significantly 

decreased both the overall cover and distribution of invasive plant species along riparian 

margins. However, grazing resulted in reduced riparian health scores for wetlands in this study, 

reducing riparian vegetation cover and causing increased soil compaction and disturbance. This 

reduced the overall functional scores of these wetlands.  

 

4.2 Directions for future research 

This study was conducted during a period of uncharacteristically high levels of 

precipitation for the region. This resulted in varying degrees of submergence of riparian 

vegetation, which in some cases decreased the width of the riparian margin available for 

sampling. Contrastingly, because of high soil moisture levels, wet meadow vegetation habitat 

was extended and transitional zones between riparian and upland vegetation were blurred. This 

ability to adapt to fluctuating moisture regimes is characteristic of wetlands in the prairie pothole 

region (Johnson et al 2005). However, it means that the results of this study represent wetlands at 

one extreme of a spectrum of hydrological states. During a period of drought, riparian species 

composition may include more annual plants characteristic of the drawdown emergent phase 

(Stewart and Kantrud 1971). Wetlands that are subject to extreme pugging and trailing in wet 

years may obtain higher scores for anthropogenic alteration in drier years because dry soils are 

less susceptible to compaction (Naeth and Chanasyk 1990). A longer term study including both 

wet and dry cycles, or resampling these sites during a drought could provide a contrast with the 

current wet cycle.  

I determined early in the study that studying the effects of different grazing regimes on 

riparian health and plant community composition would be difficult, as these varied substantially 

from one pasture manager to another. For the purposes of this study my focus was on the general 

effect of grazing on riparian areas rather than the effects of different grazing regimes. However, 

using “grazed” or “ungrazed” as categorical descriptors of pasture management oversimplifies 

the effects of grazing on plant community composition and pasture health. Grazing regimes can 

be complex and may include various practices such as continuous grazing, rotational grazing, 

early- or late-season grazing, different stocking rates, and the use of different species of grazing 

animals (Marty 2005). Some pasture managers provide additional sources of water for their 

animals to prevent the overuse of wetlands in the area, and others may encourage grazing 
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animals to travel over and graze more of the available pasture space by strategically placing 

resources such as salt blocks away from heavily used areas (Huel 2000; Li et al 2011). 

Examining the finer-grained effects of specific grazing management practices on riparian health 

and community composition would be an interesting and potentially insightful direction for 

future study.  

As discussed in Chapter 3, the uplands sampled in this study almost universally obtained 

zero scores for cover and distribution of invasive species due to the ubiquity of escaped forage 

species and other common weeds in both native and tame grasslands. I suggested the high degree 

of heterogeneity in my study area, small sizes of my native grassland reference sites, and 

proximity of these sites to roads which can facilitate invasive species dispersal (Forman and 

Alexander 1998) likely contributed to low scores in these categories. On an ecoregion scale, the 

potential to obtain scores higher than zero for invasive species may be limited to large, intact 

tracts of native prairie. This means that in a highly fragmented landscape such as my study area, 

the current rangeland health assessment methods may not be effective in detecting differences in 

the degree of invasion between smaller patches. To capture variation in invasive species 

abundance between fragmented sites, scoring for this question could be modified (e.g. by giving 

non-zero scores to sites with relatively low, but above 1% invasive species cover). Further 

investigation into the effect of patch size and/or distance to nearest road (i.e. Koper et al 2010)  

could provide additional insight as to the influence of these factors on invasive species related 

assessment scores. 

Rangeland and riparian health assessments are designed for use within all four ecoregions 

of the Prairie ecozone: the Aspen Parkland, Moist Mixed Grassland, Mixed Grassland, and 

Cypress Upland (Thorpe 2007). Most classification systems that have been developed to describe 

prairie pothole wetlands encompass the entire glaciated prairie region of the Northern Great 

Plains (Stewart and Kantrud 1971; Millar 1976). Although my study area was restricted to 

wetlands in the southern part of the Aspen Parkland, I believe the conclusions drawn in this 

thesis are applicable to wetlands throughout the Prairie Pothole region of the Northern Great 

Plains. These results could be expanded upon in further detail by stratifying sites by additional 

wetland characteristics, such as size, classification, or water chemistry (i.e. O’Connell et al 2013; 

Meli et al 2014).  
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Many of the additional research suggestions presented in this section could be conducted 

with minimal additional fieldwork using previously collected data. VEGISS (Vegetation 

Information System Saskatchewan) is a database program designed for compiling and 

summarizing vegetation sampling data including site characteristics, community composition, 

and range and riparian health assessment protocols (Saskatchewan Prairie Conservation Action 

Plan 2013). With the addition of more datasets contributed by various organizations across the 

province, this database has the potential to be invaluable for analyzing and summarizing 

vegetation-related data on a province-wide scale. This would allow for the identification of 

broader landscape-scale trends in wetland function & health. It would also enable testing of 

additional hypotheses related to variations in grazing regime, degree of habitat fragmentation, 

proximity to roads, wetland size, and/or wetland type.  

 

4.3 Conclusions 

 Wetlands provide many important ecological services, such as water quality 

improvement, nutrient cycling, carbon sequestration, flood attenuation, and habitat for breeding 

waterfowl and other wildlife. Agricultural and infrastructure development have resulted in 

significant losses to wetland area in the Prairie Pothole region of the Northern Great Plains 

(Paradeis et al 2010; Gleason et al 2011). Those wetlands that have not been directly drained are 

subject to varying degrees of alteration that are difficult to quantify. The conversion of 

surrounding upland areas to annual cropland results in increased erosion & sediment deposition, 

chemical drift, and altered hydrological regimes (Abbruzzese and Leibowitz 1997; Bartzen and 

Dufour 2010).  

These cumulative anthropogenic effects, both direct and indirect, result in functional 

degradation and loss of biodiversity in prairie pothole wetlands. The results of this thesis show 

that revegetation of surrounding uplands is successful at restoring the functionality of wetlands 

within previously cultivated areas. However, wetlands surrounded by a largely agricultural 

matrix, whether embedded within remnant native or tame restored uplands, seem to be restricted 

from functioning to their full potential; mean riparian health score for ungrazed native wetlands 

was only 73.5%. This may represent a limitation imposed by indirect cumulative effects of 

agricultural activity within the larger landscape (Figure 4.1). Wetlands that have become 

functionally degraded in this way may have transitioned to an alternative state that is less 
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resilient to disturbance (Suding et al 2004; Smith 2012). In these cases the linear reversal of the 

processes which led to system degradation will no longer lead to system restoration. 

 The rangeland and riparian health assessments conducted during this study correspond 

with categorical variables of land cover and grazing regime, thus land cover and use alone can 

predict the values of these environmental health measures. This may reduce the amount of 

fieldwork required for rapid assessment and possibly medium-term (<30 years) monitoring of 

prairie wetlands. However, differences in biological diversity are less easily identified using 

rapid environmental quality assessments. Plant community composition and structural 

complexity of vegetation in restored wetlands may remain altered even decades post-restoration. 

This can affect productivity and suitability of riparian areas as habitat for wildlife. Grazing can 

increase biodiversity and heterogeneity in restored wetlands, but can also compromise water 

quality and infiltration capacity. Restoration method and subsequent management by grazing 

animals may be important determinants in how diverse and how “native” or natural those 

wetlands ultimately appear.  
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5 Appendix A: Study sites 

 

Table 5.1. List of study sites including cover type, grazing status, year sampled, and site location. Detailed notes on grazing regime 

are noted where known. All sites are within UTM zone 13N.  

Site ID Ownership Cover Type Grazing status Management notes Year Soil type UTM coordinates 

1 SDNWA Native Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 425555 5785187 

2 SDNWA Tame Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 425737 5785523 

13 SDNWA Tame Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 425247 5785457 

14 SDNWA Tame Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 425272 5785614 

25 SDNWA Native Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 424468 5785045 

26 SDNWA Native Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 424697 5785036 

35 SDNWA Native Ungrazed Ungrazed for 30+ years 2014 Weyburn orthic dark brown 424546 5785143 

58 SDNWA Tame Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 424281 5784218 

65 SDNWA Native Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 424942 5784272 

66 SDNWA Native Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 425046 5784690 

71 SDNWA Native Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 425332 5784728 

76 SDNWA Native Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 425156 5784382 

97 SDNWA Tame Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 426274 5784932 

105 SDNWA Tame Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 426042 5784678 

109 SDNWA Tame Ungrazed Ungrazed for 30+ years 2014 Weyburn orthic dark brown 425995 5784877 

122 SDNWA Tame Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 426199 5784929 

133 SDNWA Tame Ungrazed Ungrazed for 30+ years 2014 Weyburn orthic dark brown 426456 5785548 

135 SDNWA Tame Ungrazed Ungrazed for 30+ years 2013 Weyburn orthic dark brown 426048 5785469 

27 SDNWA Native Ungrazed Ungrazed for 30+ years 2014 Weyburn orthic dark brown 424802 5785197 

N1 Private Native Grazed  2014 Weyburn orthic dark brown 424696 5766148 

N2 Private Native Grazed Continuous grazing. 30-50 cattle. 2014 Weyburn orthic dark brown 402197 5775725 

N3 Private Native Grazed  2014 Weyburn rego dark brown 460846 5735001 

6
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Site ID Ownership Cover Type Grazing status Management notes Year Soil type UTM coordinates 
N4 Private Native Grazed  2014 Weyburn calcareous dark 

brown 
433053 5778128 

N5 Private Native Grazed Continuous grazing. 25-30 cattle. 2014 Weyburn orthic dark brown 469983 5740975 

N6 Private Native Grazed Continuous grazing. 25-30 cattle. 2014 Weyburn orthic dark brown 468956 5741353 

N7 Private Native Grazed  2014 Weyburn calcareous dark 
brown 

449187 5776098 

N8 Private Native Grazed  2014 Keppel rego dark brown 439034 5774665 

T1 Private Tame Grazed 1 section/90 cows with calves, seeded 
with brome 6-7 years ago. 

2014 Scott orthic dark brown 419669 5739997 

T2 Private Tame Grazed 2 quarters/ 200-300 cattle 2014 Weyburn orthic dark brown 428225 5774096 

T3 Private Tame Grazed Intensively grazed during spring 
calving then cattle are moved. 

2014 Weyburn orthic dark brown 403845 5774882 

T4 Private Tame Grazed Continuous grazing. 18 cattle. 2014 Weyburn orthic dark brown 468699 5738769 

T5 Private Tame Grazed  2014 Weyburn calcareous dark 
brown 

449532 5776337 

T6 Private Tame Grazed  2014 Hoodoo orthic black 448851 5780190 

T7 Private Tame Grazed  2014 Weyburn orthic dark brown 428432 5783528 

T8 Private Tame Grazed Pasture recovering from long term 
overgrazing (10 years - 120 cows). 
Currently only ~20 cows. 

2014 Weyburn orthic dark brown 415921 5781437 

UN1 Private Native Ungrazed Ungrazed for 10+ years 2014 Weyburn orthic dark brown 414634 5780245 
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6 Appendix B: Range and Riparian health scores 

 

Table 6.1. Mean values of rangeland and riparian health score indicators by grazing status and cover type, with standard deviations. 

Test statistics and p-values from Kruskal-Wallis rank sum tests to detect significant differences between means are displayed under X2 

and p, respectively. Full descriptions of each variable can be found in Tables 3.1 and 3.2. 

 

  

Indicator Grazed native Grazed tame Ungrazed native Ungrazed tame X2 p 

Total rangeland 33.8 ± 13.9 23.5 ± 13.4 66.3 ± 12.4 36.5 ± 10.3 22.65 <0.001 

Total riparian 51.1 ± 12.9 48 ± 9.5 73.5 ± 7.1 71.1 ± 7.5 17.61 0.001 

RangeComp 2.6 ± 3.6 0.0 ± 0.0 20.4 ± 13.3 0.0 ± 0.0 24.66 <0.001 

VegLayers 8.9 ± 1.6 3.1 ± 3.9 9.7 ± 1.0 4.2 ± 1.9 23.15 <0.001 

RangeInvas 0.4 ± 1.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 3.50 0.321 

Erosion 8.8 ± 2.5 7.6 ± 2.4 10.0 ± 0.0 9.4 ± 1.3 9.04 0.029 

RangeBG 3.6 ± 1.2 3.3 ± 1.8 5.0 ± 0.0 4.0 ± 1.3 9.08 0.028 

Litter 9.5 ± 11.1 9.5 ± 11.1 22.6 ± 5.1 18.9 ± 8.7 10.41 0.015 

RipVegCover 3.5 ± 2.1 4.3 ± 1.7 5.4 ± 1.3 4.6 ± 2.1 5.59 0.133 

RipInvasCover 2.1 ± 0.6 1.8 ± 0.7 0.6 ±  0.7 0.6 ± 0.7 18.46 <0.001 

RipInvasDistr 2.0 ± 0.9 1.9 ± 0.8 0.5 ± 0.8 0.4 ± 0.7 16.49 0.001 

RipDisturbVeg 1.0 ± 0.8 1.1 ± 0.8 1.4 ± 1.2 1.8 ± 1.1 2.80 0.423 

RipWood 4.5 ± 2.1 3.3 ± 3.0 4.5 ± 1.4 3.9 ± 1.9 1.09 0.780 

Browsing 0.7 ± 1.0 0.3 ± 0.5 1.5 ± 1.3 2.8 ± 0.7 15.51 0.001 

RipVegAlter 1.0 ± 2.1 0.5 ± 0.9 0.8 ± 1.9 1.0 ± 1.1 1.79 0.617 

AnthroDisturb 3.0 ± 4.1 3.0 ± 5.6 12.0 ± 0.0 10.8 ± 3.8 20.03 <0.001 

AnthroBG 2.3 ± 2.0 3.3 ± 3.2 6.0 ± 0.0 6.0 ± 0.0 17.87 <0.001 

7
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Table 6.2. Results of permutation testing using the envfit function (repetitions = 999) to 

determine which variables were significantly correlated with riparian species composition. 

Wetlands within cultivated sites from 2013 were not included in this analysis.  

 

 

 

  

Indicator p 

RangeComp 0.016 

VegLayers 0.002 

RangeInvas 0.825 

Erosion 0.079 

RangeBG 0.022 

Litter 0.100 

RipVegCover 0.009 

RipInvasCover 0.002 

RipInvasDistr 0.023 

RipDisturbVeg 0.109 

RipWood 0.321 

Browsing 0.083 

RipVegAlter 0.933 

AnthroDisturb 0.022 

AnthroBG 0.132 
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7 Appendix D: Riparian species lists 

Table 7.1. List of riparian plant species sampled in 2013, with corresponding NMDS axis scores. 

NMDS final stress was 0.1117108. Species names were verified using the Integrated Taxonomic 

Information System online database at http://www.itis.gov and were current as of October 2015. 

Species with less than 5 occurrences across all sites are not shown and were not included in any 

statistical analyses. 

 

Abbreviation Family/Full name NMDS1 NMDS2 

 Amaranthaceae   

C.alb Chenopodium album L. 0.6173 -0.82601 

 Asparagaceae   

M.ste Maianthemum stellatum (L.) Link -0.31869 -0.12392 

 Asteraceae   

A.mil Achillea millefolium L.  -1.15881 -0.01963 

A.abs Artemisia absinthium L.  0.320157 -0.58696 

A.lud Artemisia ludoviciana Nutt. -0.96103 0.27979 

C.arv Cirsium arvense (L.) Scop. 0.125115 0.090477 

C.phl Cirsium flodmanii (Rydb.) Arthur -1.20433 -0.04818 

H.nut Helianthus nuttallii Torr. & A. Gray -0.74972 0.127027 

H.sub Helianthus pauciflorus ssp. subrhomboideus (Rydb.) O. Spring & E.E. 
Schill. 

-1.33294 -0.00463 

L.pul Mulgedium oblongifolium (Nutt.) Reveal -0.74371 -0.30053 

S.can Solidago canadensis L. -0.60821 0.138401 

S.rig Solidago rigida L. -1.04982 0.035517 

S.arv Sonchus arvensis L. 0.164178 -0.08691 

A.eri Symphyotrichum ericoides (L.) G.L. Nesom -0.85006 0.000427 

A.hes Symphyotrichum lanceolatum var. hesperium (A. Gray) G.L. Nesom 0.272074 0.292332 

A.lae Symphyotrichum laeve (L.) Á. Löve & D. Löve -1.10707 0.099695 

T.off Taraxacum officinale F.H. Wigg. -0.32335 -0.10104 

 Brassicaceae   

B.rap Brassica rapa L. 0.891896 -1.39809 

 Caprifoliaceae   

S.occ Symphoricarpos occidentalis Hook -0.6701 0.079149 

 Cyperaceae   

C.ath Carex atherodes Spreng. 0.561916 0.286102 

C.pel Carex pellita Muhl. ex Willd -0.54917 0.042585 

E.pal Eleocharis palustris (L.) Roem. & Schult.  -0.2949 -0.35338 

S.val Schoenoplectus tabernaemontani (C.C. Gmel.) Palla -0.716788 -0.67481 

 Elaeagnaceae   

E.com Elaeagnus commutata Bernh. ex Rydb. -1.07527 0.125736 

 Fabaceae   

G.lep Glycyrrhiza lepidota Pursh -1.22196 0.227931 

http://www.itis.gov/
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Abbreviation Family/Full name NMDS1 NMDS2 

 Juncaceae   

J.bal Juncus balticus Willd. -0.68677 -0.03727 

 Lamiaceae   

L.asp Lycopus asper Greene -0.6288 -0.82143 

M.arv Mentha arvensis L. 0.100561 -0.28845 

S.pal Stachys palustris L. 0.343305 -0.03766 

 Onagraceae   

E.cil Epilobium ciliatum Raf. 1.044562 -1.64206 

 Poaceae   

A.fat Avena fatua L. 0.991045 -1.14492 

B.sch Beckmannia syzigachne  (Steud.) Fernald 0.634489 -0.43664 

B.ine Bromus inermis Leyss. 0.046476 0.262862 

C.spp Calamagrostis spp. Adans. -0.62926 -0.06891 

D.str Distichlis spicata ssp. stricta (Torr.) Thorne -1.14994 0.203339 

A.dac Elymus lanceolatus ssp. lanceolatus (Scribn. & J.G. Sm.) -1.41726 -0.07589 

E.rep Elymus repens (L.) Gould 0.369205 0.145992 

E.tra Elymus trachycaulus (Link) Gould ex Shinners -1.44494 -0.1304 

F.hal Festuca hallii (Vasey) Piper -1.16945 -0.09886 

H.jub Hordeum jubatum L. 0.593376 -0.41635 

M.rich Muhlenbergia richardsonis (Trin.) Rydb. -1.26501 -0.12356 

N.vir Nassella viridula (Trin.) Barkworth 0.838696 -1.31307 

P.pal Poa palustris L. 0.280781 0.119963 

P.pra Poa pratensis L. -0.59581 -0.16667 

 Polygonaceae   

F.con Fallopia convolvulus (L.) Á. Löve 0.641534 -0.63413 

P.coc Persicaria amphibia (L.) Delarbre 0.744356 0.219973 

R.cri Rumex crispus L. 0.591754 -0.40875 

 Ranunculaceae   

A.can Anemone canadensis L. -0.26415 0.485387 

T.ven Thalictrum venulosum Trel. -0.29031 0.032739 

 Rosaceae   

A.aln Amelanchier alnifolia (Nutt.) Nutt. ex M. Roem. -0.70586 0.226631 

P.gra Potentilla gracilis Douglas ex Hook. 0.017546 -0.72109 

R.aci Rosa acicularis Lindl. -1.25681 -0.35578 

R.ark Rosa arkansana Porter -1.11859 0.182969 

R.woo Rosa woodsii Lindl. -0.50005 0.505532 

F.vir Fragaria virginiana Duchesne -0.72552 0.352929 

 Rubiaceae   

G.apa Galium aparine L. 0.558419 -1.05968 

G.bor Galium boreale L. -0.94454 -0.04863 

 Salicaceae   

P.tre Populus tremuloides Michx. 0.293784 0.00422 

http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=27293
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Abbreviation Family/Full name NMDS1 NMDS2 

S.spp Salix spp. L. 0.491329 0.611858 

 Typhaceae   

T.lat Typha latifolia L. 0.548224 -0.30334 

 Urticaceae   

U.dio Urtica dioica L. 0.420732 0.047954 
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Table 7.2. List of riparian plant species sampled in 2014, with corresponding NMDS axis scores. 

NMDS final stress was 0.1651346. Current species names were verified using the Integrated 

Taxonoic Information System online database at http://www.itis.gov and were current as of 

October 2015. Species with less than 5 occurrences across all sites are not shown and were not 

included in any statistical analyses. 

 
Abbreviation Family/Full name NMDS1 NMDS2 

 Amaranthaceae   

C.alb Chenopodium album L. -0.89353361 -0.68389381 

 Apiaceae   

Z.apt Zizia aptera (A. Gray) Fernald -1.31937702 -0.30594393 

 Asparagaceae   

M.ste Maianthemum stellatum (L.) Link -0.31799369 0.67583422 

 Asteraceae   

A.mil Achillea millefolium L.  -0.63345318 0.47715616 

A.abs Artemisia absinthium L. 0.28790967 0.98761776 

A.lud Artemisia ludoviciana Nutt. -0.45025423 0.71577186 

B.cer Bidens cernua L. 0.01352048 -0.43050254 

C.arv Cirsium arvense (L.) Scop. 0.31943434 0.23086252 

C.phl Cirsium flodmanii (Rydb.) Arthur -0.7528809 0.60115755 

H.nut Helianthus nuttallii Torr. & A. Gray -0.34518613 0.52267328 

H.sub Helianthus pauciflorus ssp. subrhomboideus (Rydb.) O. Spring & 
E.E. Schill. 

-0.78927251 0.82948464 

L.lig Liatris ligulistylis (A. Nelson) K. Schum. -0.92126351 0.05230023 

L.pul Mulgedium oblongifolium (Nutt.) Reveal -0.70578178 0.32367191 

S.can Solidago canadensis L. -0.16825445 0.34416137 

S.mis Solidago missouriensis Nutt. -0.40935282 -0.47620147 

S.rig Solidago rigida L. -0.49134116 0.73857442 

S.arv Sonchus arvensis L. 0.09579932 0.11345361 

A.eri Symphyotrichum ericoides (L.) G.L. Nesom -0.38682552 0.04824756 

A.fal Symphyotrichum falcatum (Lindl.) G.L. Nesom -0.09109282 -0.63442243 

A.hes Symphyotrichum lanceolatum var. hesperium (A. Gray) G.L. 
Nesom 

0.50895281 -0.047809 

A.lae Symphyotrichum laeve (L.) Á. Löve & D. Löve -0.50315724 0.57953379 

T.off Taraxacum officinale F.H. Wigg. -0.05494024 -0.38107943 

 Caprifoliaceae   

S.occ Symphoricarpos occidentalis Hook -0.34581567 0.3889218 

 Cyperaceae   

C.ath Carex atherodes Spreng. 0.56183647 -0.20789321 

C.pel Carex pellita Muhl. ex Willd -0.19063765 -0.03284584 

C.pra Carex praticola Rydb. -1.08813302 -0.62470851 

 Cyperaceae (continued)   

E.pal Eleocharis palustris (L.) Roem. & Schult.  -0.03299542 -0.52846533 

S.val Schoenoplectus tabernaemontani (C.C. Gmel.) Palla -0.17017624 0.54625779 

http://www.itis.gov/
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Abbreviation Family/Full name NMDS1 NMDS2 

 Elaeagnaceae   

E.com Elaeagnus commutata Bernh. ex Rydb. -0.57803521 0.59182243 

 Equisetaceae   

E.arv Equisetum arvense L. 0.13995945 -0.76463782 

 Fabaceae   

A.cic Astragalus cicer L. -0.45275923 -0.87231167 

A.tri Astragalus laxmanii var. robustior (Hook.) Barneby & S.L. Welsh 0.58010981 -1.07818851 

G.lep Glycyrrhiza lepidota Pursh -0.6306824 0.84046349 

L.cor Lotus corniculatus L.  -0.02605303 -0.42845398 

M.alb Melilotus albus Medik -0.20816724 -0.71160767 

 Juncaceae   

J.bal Juncus balticus Willd. -0.28617932 0.16525764 

 Lamiaceae   

L.asp Lycopus asper Greene -0.05640035 0.54758123 

M.arv Mentha arvensis L. 0.26890665 -0.18656885 

S.pal Stachys palustris L. -0.41080282 0.14118919 

 Plantaginaceae   

P.maj Plantago major L. 0.40399384 -0.656594 

 Poaceae   

B.bie Bromus biebersteinii Roemer & J.A. Schultes 0.06569865 -0.48699951 

B.ine Bromus inermis Leyss. 0.18101213 0.38244503 

B.syz Beckmannia syzigachne (Steud.) Fernald 0.23195669 -0.89924129 

C.spp Calamagrostis spp. Adans. -0.34843715 0.22577908 

D.str Distichlis spicata ssp. stricta (Torr.) Thorne -0.57087262 0.80526273 

A.das Elymus lanceolatus ssp. lanceolatus (Scribn. & J.G. Sm.) -0.85216138 0.95050724 

E.lan Elymus lanceolatus (Scribn. & J.G. Sm.) Gould -0.69790719 -0.56414152 

E.rep Elymus repens (L.) Gould 0.81853721 0.11424267 

E.tra Elymus trachycaulus (Link) Gould ex Shinners -0.53585571 -0.28389256 

F.hal Festuca hallii (Vasey) Piper -0.62552939 0.77378185 

H.jub Hordeum jubatum L. 0.39000337 -0.51270182 

M.ric Muhlenbergia richardsonis (Trin.) Rydb. -0.83467974 0.51473959 

N.vir Nassella viridula (Trin.) Barkworth -1.56522314 -0.62002521 

P.smi Pascopyrum smithii (Rydb.) Barkworth & D.R. Dewe -0.33657835 -0.6615163 

P.aru Phalaris arundinacea L. -0.27257432 -0.90444188 

P.pal Poa palustris L. 0.71435482 0.5573529 

P.pra Poa pratensis L. -0.15965399 -0.07327937 

 Polygonaceae   

P.coc Persicaria amphibia (L.) Delarbre 1.45794636 0.56874981 

R.cri Rumex crispus L. 0.28499988 -0.50705796 

 Ranunculaceae   

A.can Anemone canadensis L. -0.11683219 0.19226168 

P.gra Potentilla gracilis Douglas ex Hook. -0.38766545 0.69743706 
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Abbreviation Family/Full name NMDS1 NMDS2 

R.cym Ranunculus cymbalaria Pursh -0.62082425 -0.48892414 

 Rosaceae   

A.aln Amelanchier alnifolia (Nutt.) Nutt. ex M. Roem. -0.20909537 0.69893937 

F.vir Fragaria virginiana Duchesne -0.30532095 0.12910109 

R.aci Rosa acicularis Lindl. -0.60628186 0.45472997 

R.ark Rosa arkansana Porter -0.53567227 0.79370564 

R.woo Rosa woodsii Lindl. -0.06254493 0.45875892 

 Rubiaceae   

G.bor Galium boreale L. -0.46388101 0.4280675 

G.tri Galium trifidum L. 0.1379694 -0.6032959 

 Salicaceae   

S.spp Salix spp. L. 0.66243259 0.12959771 

P.tre Populus tremuloides Michx. 0.68893962 0.18960984 

 Typhaceae   

T.lat Typha latifolia L. 0.46051497 -0.56811191 

T.ven Thalictrum venulosum Trel. -0.04137208 0.33764729 

 Urticaceae   

U.dio Urtica dioica L. 0.8834435 0.77541672 

 Violaceae   

V.spp Viola spp. L. -0.62325693 -0.23952579 

 Unidentified species   

UNK1 Unknown forb 1 -0.88774452 -0.50768269 

UNK2 Unknown forb 2 -0.82351768 -0.57533258 

UNK4 Unknown graminoid 4 -1.0497783 0.02813681 

UNK5 Unknown forb 5 -1.3652107 -0.76217879 

UNK3 Unknown forb 3 -0.01498867 -0.73623247 

UNKT4 Unknown forb T4 -0.47833887 -0.25643715 

UNKT5 Unknown forb T5 0.71596468 -0.62816499 

UNKT7 Unknown forb T7 -0.90315987 -0.72888099 

 
 


