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Abstract 

 Saline water is produced as a result of extracting hydrocarbons from geological 

formations and is brought to the surface during the extraction process. Understanding salinity 

impacts in the Boreal peatlands in Northern Alberta is important to the responsible development 

and management of these valuable ecosystems. Although there are regulatory guidelines to 

support and direct remediation and reclamation efforts of contaminated sites, a knowledge gap 

exists within current criteria and better understanding of how salinity impacts the boreal 

wetlands is needed. Salt tolerance mechanisms demonstrated by Carex aquatilis may provide an 

alternative, non-intrusive way to monitor the health of Boreal wetland communities. Using meta-

analysis and simple linear regression analysis, a negative relationship was detected between 

relative frequency of occurrence of Carex aquatilis and salt-contamination (represented as 

electrical conductivity values as high as 17,000 µS/cm). This trend is the first step in creating a 

framework for biological assessments useful in salt-contaminated peatlands. 
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Chapter One – Introduction 

 Healthy, functioning wetland ecosystems are of great importance on a global scale. 

Wetlands account for three percent of the Earth’s surface area and store approximately twenty 

percent of the Earth’s carbon (Rydin & Jeglum, 2006, p. 239), playing an important role in 

climate change and the global carbon cycle (Gorham, 1991, p. 192). Healthy wetlands provide 

numerous localized benefits, such as 1) the transfer and storage of water, 2) production of habitat 

and food for various living creatures, 3) the cycling and storage of nutrients and 4) assists in 

removing pollutants from the environment (United States Environmental Protection Agency 

(USEPA), Richardson, 1994, p.1). In Alberta, Canada, twenty percent of the surface area is made 

up of wetlands and, within the Boreal Plains natural region ninety percent of the surface area is 

covered in peatlands (Alberta Environment and Sustainable Resource Development (ESRD), 

2015, p. 1) (Figure 1). Peat is an organic material comprised of accumulated remains of plant 

material in water-saturated conditions that does not allow for complete decomposition (Rydin & 

Jeglum, 2006, p. 4). The National Wetlands Working Group defines peatland as terrain covered 

in a minimum depth of forty centimetres of peat, with a water table close to or above the peat 

surface (National Wetlands Working Group, 1997, p. 1). In Alberta, peatlands have relatively 

stable water tables, with permanently saturated soil, anaerobic conditions and reduced rates of 

decomposition, allowing for the accumulation of organic material (ESRD, 2015, p. 5). In 

addition to the accumulation of organic matter, the cycling of various chemical elements plays an 

important role in creating healthy and stable systems. Confounding influences such as regional 

climate, local elevation, hydrology, chemistry, geomorphology, biology and annual and seasonal 

variations all contribute to the unique development of the various wetland types (Bright, 2011, p. 

3; National Wetlands Working Group, 1997, p. 3). These environmental variables create 
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predictable wetland species assemblages specific to the conditions (Bayley & Mewhort, 2004, p. 

292; Trites & Bayley, 2009, p.36). 

 

Figure 1: Map of boreal region of Canada (Source – Boreal Songbirds Initiative, 2015). 

In Alberta, the Boreal region is experiencing increased levels of industrial, agricultural 

and recreational development that require responsible management (Ferone & Devito, 2004, p. 

76). The petroleum industry is accountable for a large portion of the development and associated 

activities include exploration, extraction, production and transportation of hydrocarbons, with 

potential to introduce contaminants into natural areas. One such contaminant of concern is salt 

water. Salt water is contained in geological formations deep beneath the earth and is brought to 

the surface as a by-product of extracting hydrocarbons (Government of Alberta, 2001, p. 57). 

Saline waste water is the largest volume by-product associated with oil and gas extraction and 

occasionally is released into the surrounding environment by way of tank failures, transportation 
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and pipeline accidents, or spills from daily operations of associated facilities (Veil, Puder, Elcock 

& Redweik, 2004, p.17; Bright, 2011, p. 1; Thoma, Vavrek, Hunt & Sublette, 2007, p. 2).   

Once produced water enters a wetland ecosystem the natural interaction between water 

and nutrients is altered, becoming detrimental to the overall function of the system. In addition to 

the salts, part of the complexity is attributed to the low amount of suspended and dissolved 

hydrocarbons present (Thoma et al., 2007, p.2). High salt concentrations negatively affect soil 

and water, impairing vegetation and making these impacted areas difficult to reclaim (Lilles, 

Purdy, Chang, & Macdonald, 2010, p. 2). Often, the resulting remediation and reclamation 

consists of removing the contaminated material, creating large-scale disturbance to the landscape 

(Bright, 2011, p. 1). This method is particularly disruptive to the hydrology of the ecosystem and 

the processes necessary for peat production, further amplifying the challenges associated with 

reclamation (Cooper, Wolf & Gage, 2006, p.8).  

The key methods for monitoring wetland health focus on direct measurement of physical, 

chemical and biological variables (Alberta Environment, 2008, p. 61). Salt is known to be a 

significant abiotic factor influencing the plant community composition (Purdy, Macdonald & 

Lieffers, 2005, p. 672; Lieffers, 1984, p. 314) and the fluxes in salinity concentrations (in 

response to the movement of water) can be seen as a physical response based on the vegetation 

present. Wetland plants that grow naturally in substrates containing salts have evolved adaptive 

mechanisms that allow them to tolerate conditions outside the normal range. Those that have the 

capacity to withstand a range of toxicity would be found on the landscape where more sensitive 

species would not survive. Presence/absence of a particular species or indications such as 

physical changes to a species can be helpful in the assessment of disturbed sites and can improve 

management practices. 
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This study investigates the concept of using Carex aquatilis (Walhenb.), as a biological 

indicator species to assess and monitor the health of salt contaminated peatlands. I hypothesize 

that C. aquatilis, will display physiological responses to increased salt concentrations that can be 

clearly identified or measured in the field. Attributes displayed by the plant or distribution of the 

plant may show a significant relationship to salt contamination. The overall objective is to 

determine if C. aquatilis can provide useful information regarding the chemical and biological 

components of a wetland.  
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Chapter Two – Methodology 

 This study uses the following methodology: literature review; selection of impacts, 

stressors and an appropriate biological indicator species; development of assessment criteria; and 

determination of appropriate data analysis for the chosen assessment criteria. 

Impacts 

A literature review of environmental concerns and reclamation practices in the oil and 

gas industry in Alberta identified a common challenge encountered in the Boreal region. 

Produced water spills often result in large-scale excavation of the contaminated material leaving 

behind long term impacts, represents an accurate scenario. This provided the foundation for the 

chosen research. 

Stressor 

Produced water, the contaminant of concern, is the primary stressor in this study. The 

selection of salinity parameters was completed in two stages. First, a broad structure was defined 

based on the chemical composition of produced water, land capability guidelines in Alberta and 

current regulations for reclamation in Alberta. Second, following the selection of an appropriate 

biological indicator species, the contamination parameters were further refined based on the 

species’ sensitivity to contamination. This allowed for salt contamination to be assessed in 

ranges or intervals. 

Biological Indicator Species 

The biological indicator species was selected based on relevance to the ecosystem, 

sensitivity to the contaminant and the assessment objectives. The association between the 

indicator (Carex aquatilis) and the environmental context it provides information about (salt 

contamination in Boreal peatlands) is an important connection (Siddig, Ellison, Ochs, Villar-
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Leeman & Lau, 2016, p. 224) and was reviewed in detail. Review of salt tolerance mechanisms 

found in a variety of vascular plants was the basis for this relationship. Specifically, demographic 

parameters such as changes to morphological features and physiological performance were 

analyzed to determine sensitivity parameters of C. aquatilis. Information focused on biological 

assessment contained in the USEPA (2002) Methods for Evaluating Wetland Condition, assisted 

in the selection of vegetative indicator species for this study. Criteria outlined by Dale & Beyeler 

(2001) was also used to improve the reasoning for selecting C. aquatilis. 

Data Analysis 

 The data used in this study integrates quantitative findings from separate but comparable 

studies to investigate the overall effect of salt contamination on C. aquatilis. This method of 

research, referred to as meta-analysis, summarizes a collection of statistical analyses from 

individual studies (Petrie, Bulman & Osborn, 2003, p. 74). The most frequent demographic 

parameter that appeared across the studies was chosen for further analysis. Basic regression 

models were used to determine if a relationship exists between relative frequency of C. aquatilis 

and salt contamination caused by produced water, represented as electrical conductivity. 

Differences in data collection and study methodology between resources were the main concern, 

and were addressed by assigning a weight to each study based on the sample size. Weighting by 

sample size was used since reliable estimates with study variances were not available. Meta-

regression was completed for relative frequency of C. aquatilis, where the number of quadrats or 

sample plots (n) in a study was used to weight the relative frequency to account for the 

differences in study methods. This means that studies with large numbers of observations were 

given more influence on the overall meta-regressions than studies with small numbers of 

observations. The analysis was completed using JMP Software (2016) and was plotted in a 
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variety of ways to determine the most beneficial way to present the results. As more data 

becomes available regarding single metrics, such as culm height, leaf length, number of 

flowering plants etc., they could be analyzed to correlate the relationship between the metric and 

electrical conductivity using regression for primary studies (Bright, 2011, p. 5). 
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Chapter Three - Background 

Alberta Wetlands 

In Alberta, the management of wetland ecosystems is regulated under The Water Act 

(Province of Alberta, 2014, p. 15) and The Wetland Policy (Alberta Environment and Parks, 

2013). The Water Act states all sources of water, including wetlands, are public resource and are 

protected under provincial law (AEP, 2000, p. 18). The Wetland Policy outlines Alberta’s 

commitment to responsible development in and around wetlands and provides a tool to assign 

value to all wetlands in the province, working toward the long-term goal of creating a wetland 

inventory (AEP, 2013, p. 8). The Alberta Wetland Classification System (Alberta Environment 

and Parks, 2015) was released to support the requirements of the Wetland Policy and offers the 

most standardized classification system in Alberta. It broadly categorizes wetlands into five main 

classes based on peat accumulation, water regime, chemical gradients, soil characteristics and 

vegetation structure (AEP, 2015, p.4). The five classes of wetlands are bog, fen, marsh, shallow 

open water and swamp and are classified further based on vegetation structure (biological 

attributes) creating thirteen possible wetland forms. Based on salinity and water permanence 

wetlands are further divided into 93 possible wetland types, with type being the most specific 

classification level (AEP, 2015, p. 3). Classifying a wetland using the AWCS provides a baseline 

assessment tool for vegetation structure, processes and biodiversity, and can be used as a basic 

tool to compare the contaminated sites to reference conditions, which is important for conserving 

or restoring specific wetland types and their associated organisms and communities (AEP, 2015, 

p. 2). Hydrology is closely linked to the physical structure of the wetland and is a key component 

that focuses on water balance, water sources and hydroperiod (Harris, 2007, p.65). Interactions 

between groundwater and surface water, based on precipitation, evaporation and transpiration 
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rates all influence wetland hydrology (Ferone & Devito, 2004, p. 75). Water chemistry is also an 

important component of wetland health.  

 Significance of Peatlands 

The importance of wetlands in the natural Boreal landscape of Alberta cannot be 

overstated (Alberta Environment, 2008, p. 29). Ninety percent of the wetlands in this region are 

peat forming, classified as bogs, fens or swamps (AEP, 2013, p.4). Peatlands are unique and 

complex systems, integrating important ecological processes, such as increasing water storage 

and regulation and significantly impacting flood control (Ferone & Devito, 2004, p. 93; Pouliot, 

Rochefort & Graf, 2012, p. 132). The physical act of peat accumulation determines the presence 

of other ecosystem components and functions (Bright, 2011, p. 9), making it a keystone 

component of Boreal wetlands. In addition to the important processes associated with peatlands, 

research has also focused on matching pre-disturbance and post-reclamation carbon sequestration 

levels in boreal wetlands (Mollard, Roy, Frederick & Foote, 2012, p. 18). Peat is also valued as a 

commercial product in the horticultural industry. It has also been studied as an adsorbant of 

contaminants, and has shown success in delaying the transport of contaminants by sorption and 

by diffusion into water immobilized in peat matrix (Pouliot et al., 2012, p. 133; Rezanezhad, 

Andersen, Pouliot, Rochefort & Graf, 2012, p. 558). 

Definitions  

Bogs. Bogs are permanent, freshwater wetlands that accumulate peat and generally 

cannot tolerate elevated salinity. They are isolated from both surface water and ground water, 

and are fed exclusively by precipitation, resulting in low available nutrients. They maintain 

moisture levels primarily by using capillary action of sphagnum mosses and typically have a 

minimum of forty centimetres (cm) of organic overburden between surface and water table 
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(AEP, 2015, p. 16). Bogs in the boreal plains of Alberta have an electrical conductivity (EC) 

range of 16 to 62 μS/cm and an acidic pH (pH <4.5) (Trites & Bayley, 2009, p. 28). Bogs are the 

most challenging of wetland types to reclaim because they represent a mature seral state in 

peatland formation and are difficult to recreate (Alberta Environment, 2008, p. 62).  

Fens. Fens are permanently saturated, peat forming wetlands that receive water from a 

variety of sources, allowing minerals to accumulate. Water sources include ground water, 

overland flow and precipitation. Fens have an EC ranging from 28-560 μS/cm and an acidic to 

neutral pH (Trites & Bayley, 2009, p. 28). The Alberta Wetland Classification System further 

divides fen classification into form, i.e. wooded-fen, shrubby-fen or graminoid-fen. The three 

sub-groups are then grouped based on chemistry parameters (EC and pH) resulting in poor, 

moderate-rich and extreme-rich groupings. Sedges and bryophytes are common vegetation and 

are typically dominant. Marshes and fens form a continuum within the classification system that 

can be distinguished based on environmental variables and differences in characteristic plant 

assemblages (Bayley & Mewhort, 2004, p. 292; Rooney & Bayley, 2011, p. 576).  

Swamps. Swamps are generally considered to be mineral wetlands, although some may 

accumulate peat (AEP, 2015, p. 30) and could be included in the peat-forming classification.  

Swamps often occur as a transition zone between wetlands and surrounding uplands. Swamps 

contain twenty-five percent or greater tree cover or shrub cover. The transition zone between 

swamps and fens is often referred to as the wet meadow zone, characterized by water beneath the 

sediment surface and vegetation dominated by grass or Carex species (Rooney & Bayley, 2010, 

p. 1175).  

Saline wetlands. Naturally saline wetlands are uncommon in the Boreal region (Purdy et 

al., 2005, p. 667), but can form in the lowest topographical depressions of partially closed 
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catchment areas and concentrations vary due to the amount of water inflow, salt content of water, 

amount of precipitation, rate of evaporation and the amount of outflow (Lieffers & Shay, 1982, 

p. 124; Purdy et al., 2005, p. 667). Salts can also enter ecosystems along a salinity gradient 

created by weathering and erosion processes. Gravity and osmotic processes further enhance the 

transport and leaching of salts into ecosystems (Purdy et al. 2005, p. 667). The Alberta Wetland 

Classification System uses the terminology and electrical conductivity measurements adapted 

from Stewart & Kantrud (1971) to classify wetland salinity types and is summarized in Table 1 

(AEP, 2015, p. 6). 

Table 1 
Salinity types and corresponding electrical conductivity – adapted from Stewart & Kantrud 
(1971). 
 

Wetland Type Electrical Conductivity (μS/cm) 

freshwater less than 500 

slightly brackish 500 to 2,000 

moderately brackish 2,000 to 5,000 

brackish 5,000 to 15,000 

sub-saline 15,000 to 45,000 

saline greater than 45,000 

 

Salt tolerance. Salt tolerance in plants can be defined by their ability to grow and 

complete their life cycle on a substrate containing high concentrations of salt ions (Howat, 2000, 

p. 5). Salt tolerance doesn’t mean that the species requires saline conditions for vitality or to 

reproduce, but rather they can endure some level of osmotic stress, induced by ion toxicity for 

part or all their life. Exposure to increased salt concentrations can be detected visually as smaller 

stature, darker, bluish color in the leaves and, or burnt and curling leaf tips (Howat, 2000, p. 5; 

Munns, 2002, p. 245; Volkmar, Hu & Steppuhn, 1998, p. 19). 

Indicator species. The decision to study salt-tolerant wetland species was based on an 

idea that species that show an affinity for higher than normal salt concentrations could provide 
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insight into the overall condition of a salt-contaminated ecosystem. A biological indicator 

species is defined as a living organism (biological component) that is easily monitored and with 

its status predicts the conditions of the environment where it is found (Siddig et al., 2016, p. 224; 

Dale & Beyeler, 2001, p. 4). The relationship between the indicator and the stressor needs to be 

well understood, addressing both the short-term and long-term management concerns (Dale & 

Beyeler, 2006, p. 6; Siddig et al., 2016 p. 224). Lack of standardized criteria for selecting 

indicator species combined with vague management goals creates concern about the validity of 

using indicator species. Criteria that have been effective in successful selection of an indicator 

species includes: be easily measured, be sensitive to stresses on the system, respond to stress in a 

predictable manner, and be integrative, representing key gradients across the system (Dale & 

Beyeler, 2001, p. 6). 

Sedge 

Sedge is estimated to be one of the largest flowering plant genera in North America and 

is well known for its boreal circumpolar distribution, which is coincidentally very similar to the 

distribution of peatlands around the world (Gignac, Gauthier, Rochefort & Bubier, 2004, p. 

1293; Grootjans & van Tooren, 1984, p. 79). It is also known to be dominant in highly 

productive coastal salt marsh ecosystems within the Boreal range (Tande & Lipkin, 2003, p.8). 

Sedge is considered an important component in wetland communities because it provides several 

functions, most notably nutrient cycling between aerobic and anaerobic conditions and using 

energy during photosynthesis and decomposition, thus providing biomass to consumers (Tande 

& Lipkin, 2003, p. 7). Sedge has been documented as having the ability to change the 

hydrological flow of open water habitats, by capturing silt and detritus loads, leading to the in-

fill of basins or the stabilization of riverbanks when it is found growing as the dominant 
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vegetation (Tande & Lipkin, 2003, p. 10). Sedge is also known to produce shoots in the winter, 

providing an important source of carbohydrates for bison, caribou and other grazing ungulates 

(Bernard, 1990, p. 1445). Sedge is common in the Boreal region, flourishes in disturbed areas 

and is relatively easy to establish (Mollard, Roy & Foote, 2013, p. 27). Carex aquatilis (water 

sedge) was chosen for the study because 1) it displays a predictable response to disturbance, 

including sites with elevated levels of salinity, 2) it possesses a suite of physiological 

characteristics that show potential for further research and 3) it exists over a broad range of 

ecological conditions.  

        

Figure 2. Example photos of typical sedge rhizomatous root system. Shown are Carex 

hystericina (left) and Carex stipata (right). Photos courtesy of University of Wisconsin-Madison, 
2007. 
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Advantageous Species for Reclamation  

C. aquatilis provides advantages at all stages of reclamation: initially after disturbance to 

assess for threshold contamination (as an opportunistic species); in mid succession, stabilizing 

and providing structure for sphagnum species to establish on, above the contaminated substrate; 

and in later succession, providing below ground biomass for decomposition, initiating peat 

development, and allowing for peat to accumulate. 

Following the model of ecosystem succession, the maximum diversity is attained at 

intermediate levels of disturbance and at the mid-point in successional sequencing (Auclair et al., 

1976, p. 27). Variability in water regime (hydroperiod), climate and relative age (natural or 

disturbed succession) all combine to create complex interactions. The successional stage of a 

wetland influences the associated functions it provides. Bogs for example require specific 

environmental conditions and represent a mature ecosystem, to reach the stage of peat formation 

(Harris, 2007, p. 54). Fens are noted as being a pre-cursor to the development of bogs as the 

water table becomes perched, the system is cut off from ground water and nutrient supplies and 

relies completely on precipitation for its water, and the water chemistry becomes more and more 

acidic over time. Peatlands that have accumulated more than forty centimetres of peat represents 

an ecosystem in its mature state.  

Predictable response to stressor. The presence of C. aquatilis can be predicted for 

disturbed sites and reclaimed oil sands leases (Koropchak, et al, 2012, p. 89; Raab & Bayley, 

2013, p. 105). It is known to be an opportunistic, pioneer species that does better when there is 

less competition in somewhat poor growing conditions. In preferred growing conditions, C. 

aquatilis experiences inter-specific competition between shoots and experiences an increase in 

shoot mortality (Bernard, 1990, p. 1446). Carex are known to initiate the first succession of peat 
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development (Koropchak, et al., 2012, p. 82; Tande & Lipkin, 2003, p. 10). C. aquatilis has been 

studied in a variety of disturbance scenarios, including coastal, and riparian disturbances, 

disturbance by thawing frost wedges in the tundra, and anthropogenic disturbances (Earle et al., 

1988; Lieffers, 1984; Shaver et al., 1979). After a disturbance occurs, C. aquatilis shows 

evidence of character displacement, meaning that the niche occupied by a given species may 

shift depending upon the habitats available for another species as well as itself (Chapin III, 1981, 

p. 91). The consistent and predictable growth C. aquatilis in shifting and disturbed conditions, 

such as temperature and nutrient gradients, may reflect ecotypic adjustment to soil temperature 

and nutrient availability by the species (Chapin III, 1981, p. 91). 

Review of Carex aquatilis 

Species-level assessments can include several measurable variables: morphological 

features (plant height, leaf and root lengths, widths, etc.), plant biomass production, leaf 

chemistry, fluorescence and gas exchange rates (Mollard et al., 2012, p. 13; Howat, 2000, p. 4). 

C. aquatilis provides a suite of metrics that could potentially be correlated to salinity 

contamination parameters including presence/absence, percent cover, growth rate by measuring 

culm height and leaf measurements, the number of senescing leaves, the root to shoot ratio 

(root:shoot), distance between tiller clumps and determining productivity by weighing above and 

below ground biomass. Metrics related to the life cycle of C. aquatilis could include: number of 

plants in flower, and number and timing of new shoots emerging.  

Life cycle. C. aquatilis goes through five stages in life history: seedlings, juvenile, 

mature virgins (produce lateral shoots/rhizomes), generative plants (shoots in flower and sexual 

reproduction by seed) and senescence (Bernard, 1990, p.1443). C. aquatilis clones or reproduces 

vegetatively by spreading out rhizomes and developing tiller clumps, which can live 5-7 years 
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(Bernard, 1990, p. 1441). Rhizomatous shoots emerge two times per year, once emerging in 

spring and maturing in late June, the other emerging in summer and maturing in November 

(Gorham & Somers, 1973. p. 1106). Carex shoots always die after flowering (Heide, 1997, p. 

320), with maximum loss of production occurring in mid-September for approximately 3 weeks 

(Gorham & Somers, 1973, p.1107). Peak above-ground biomass occurs in mid-August (Gorham 

& Somers, 1973, p. 1107) and has been significantly correlated with maximum monthly mean 

temperature (Gorham, 1974, p. 489). C. aquatilis displays a complementary growth pattern, 

alternating between above ground organs (shoots) and below ground organs (roots). The timing 

and control of shoot formation and growth, and emergence is most likely controlled 

endogenically by the species, based on number of shoots living at the time and number of shoots 

flowering and can affect the overall life span of the plant (Auclair, Bouchard & Pajaczkowski, 

1976, p.15; Bernard, 1990, p. 1445). C. aquatilis operates on a long-term cycle or multi-year 

sequence of response, in terms of nutrient allocation and reproduction energy allocation, 

sustaining nutrients for three growing seasons of growth and metabolism (Shaver, 1979, p. 

1041). 

Emergence, flowering and tillering. An important characteristic of C. aquatilis is its 

ability to reproduce by both cloning, or sexually by producing seeds, with only 1.3% of all stems 

developing from seed origins (Auclair et al., 1976, p.16). Under normal conditions new shoots 

emerge in late summer to early fall and continue throughout the winter, with those surviving over 

winter being the most likely to show signs of early fruiting in June and maturity by late July 

(Auclair et al., 1976, p.16), a small percentage of plants flower, approximately 6-9% (Cooper et 

al., 2006, p. 26). Temperature and exposure to sunlight must also be considered for emergence 

and reproductive development. Floral induction in C. aquatilis is strongly controlled by 



EFFECTS OF SALINITY ON BOREAL PEATLANDS 26 

temperature and photoperiod and may not be directly affected by changes in nutrient availability 

(Heide, 1997, p. 324). A study completed on a variety of Carex species found that dual induction 

photoperiod is required to trigger floral induction and development (Heide, 1997, p. 324). Under 

stressed or extreme conditions, mature tillers typically do not progress to flowering stage 

(Chapin, 1981, p. 1003).  

Root system. C. aquatilis may display physiological advantages with its vigorous root 

and tiller system that spreads out in a mat from the main plant (Koropchak, 2012, p. 83), see 

Figure 2. The dense rhizomatous mat produced by C. aquatilis provides stabilization by holding 

peat together and the large amount of below ground biomass it produces contributes to the 

generation of new peat (Cooper et al., 2006, p.11). The ability for C. aquatilis to spread tillers 

out horizontally gives it an advantage by limiting the establishment of other species, and utilizing 

adjacent areas with better conditions (Bernard, 1990, p. 1444; Tande et al., 2003, p. 10). Growth 

form can vary as dictated by the rhizome behaviour, producing either long or short rhizomes or a 

combination of both (Bernard, 1990, p. 1442) forming tiller clumps. C. aquatilis is known to 

have long expansive roots and rhizomes, and this high investment in vegetative reproduction 

seems to have developed at the expense of flowering, as sedges with this type of growth pattern 

are known to have lower rates of flowering (Heide, 1997, p. 320) Sedge shows a range of six to 

nine roots per one shoot (Zedler, 2007, p. 4). Plants with high root-to-shoot ratios, and high 

intrinsic growth rates tolerate salt concentration better than plants with less complex root systems 

by reducing the rate at which salt enters the transpiration stream and accumulates in the shoot 

(Munns, 2002, p. 244). The extensive rooting system and rapid expansion of growing root cells 

increases ion storage capacity within this part of the plant, reducing the need for the movement 

of salt ions into the vacuole, thus avoiding a rise of toxicity in the cell, and thereby lengthening 
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the life (Munns, 2002, p. 241; Volkmar et al., 1998, p.21). C. aquatilis displays increased 

allocation to root biomass in times of stress. Stress conditions noted include decreased moisture 

(lower water table depth), and unsuitable growing conditions (low temperatures and reduced 

nutrients) (Chapin & Chapin, 1981, p. 1004; Gold, 2000, p. 41). The extensive root system 

provides adequate storage reserves that support rapid spring growth and minimize mortality 

during unfavourable periods throughout multiple growing seasons (Chapin & Chapin, 1981, p. 

1006).  

A rigorous root system increases the presence, diversity and activity of micro-organisms 

(Rezanezhad et al., 2012, p. 568). C. aquatilis is not known to be mycorrhizal (Edwards et al., 

2010, p. 738) but literature shows mycorrhizae may be present in sedge stands, under the right 

growing conditions, as it is extremely wide-spread (Cooke & Lefor, 1998, p. 218). Mycorrhizal 

fungi occur as organisms in the soil that attach to the epidermal and cortical tissue of fibrous 

plants affecting water and nutrient availability (Cooke et al., 1998, p. 214). Mycorrhizal fungus 

is known to have a low tolerance to salt, with calcium chloride salts being the most toxic, and 

may not survive in the saline environments > 4000 µS/cm (Cooper et al., 2006, p. 11).   

Physiological. C. aquatilis shows evidence of beneficial physiological responses that 

encourage salt tolerance. One response is to screen for salt ions in the root system through salt 

exclusion and ion selectivity, which most often results in substituting Na and K as needed 

(Volkmar et al., 1998, p. 20). In salt marshes, sedges are known to maintain high K 

concentrations (associated with high concentration of low molecular weight carbohydrates in the 

roots) in their tissue to block the entry of Na (Pouliot, et al. 2012, p. 136; Rezanezhad, et al., 

2012, p. 567). C. aquatilis is noted for having higher K/Na ratios in the leaves, than the water in 
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which it was grown, demonstrating the ability to successfully select K against Na, making it salt 

tolerant (Mollard et al., 2012, p. 18). 

Another response for regulating increased salt concentration is by compartmentalizing the 

salt in the leaves (Volkmar et al., 1998, p. 20). C. aquatilis has shown the ability to do so, and 

was found to accumulate more sodium in leaves when grown in polluted industrial wetlands than 

when grown in indirectly affected wetlands (Mollard et al., 2012, p. 11). C. aquatilis also 

displays a high leaf turnover rate (Chapin et al., 1981, p. 1007), which may be an advantageous 

mechanism for eliminating leaf tissue that reaches high salt concentrations. 

Plants that grow in saline conditions direct more energy toward tolerance mechanisms 

and typically experience a reduction in growth (Munns, 2002, p.248). C. aquatilis growing on 

impacted oil sands wetlands (those with the most contaminated substrate), showed significantly 

higher photochemistry efficiencies than when measured on natural wetlands (Mollard et al., 

2012, p.15). This demonstrates a counter-intuitive response; increased carbon fixation does not 

translate into increased growth. Increased salinity showed little impact on photosynthetic 

performance as both stomatal conductance and transpiration rates were stable when measured 

across natural and salt-contaminated sites (Mollard et al., 2012, p. 15). Although the plants are 

performing well and consuming significant quantities of carbon (C), the energy is being utilized 

to counter the effects of salt ions. Rather than being used for growth, C is used to produce 

osmotica, (a solute that maintains cell turgor and volume, such as proline and glycine betaine) 

that is needed to balance the osmotic pressure (Volkmar et al., 1998, p. 22). In both cases 

mentioned above, the response to increased salt ions is most likely an increase in osmotica 

production. 
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Under stressed conditions, changes to reproductive development are most likely due to 

drought and not salt. Research shows salt doesn’t reach the reproductive primordial (Munns, 

2002, p. 242). As previously mentioned, higher cytoplasmic K concentrations are often 

associated with plants that exhibit salt tolerance. The plants sequester Na and Cl into the vacuole, 

which then requires solutes to accumulate in the cytoplasm to balance osmotic pressure. Usually 

these solutes consist of K and organic compounds (proline or glycine betaine) and is commonly 

seen under drought stress as well (Volkmar et al., 1998, p. 23).  

Nutrients. In peat accumulating wetlands, calcium (Ca), magnesium (Mg) and Na are 

most abundant nutrients, with phosphorus (P) and nitrogen (N) occurring in limited amounts 

(Vitt & Chee, 1990, p. 88). Sedge is an important component of the nutrient cycle in wetlands, as 

it acts as a nutrient pump connecting sediment to water (Rooney & Bayley, 2011, p. 570; Tande 

& Lipkin, 2003, p. 7). Phosphate absorption capacity and nitrogen uptake have been studied to 

determine the limiting effects on growth (Chapin et al., 1981; Edwards et al., 2010; Auclair et al., 

1976). The occurrence of major root and rhizome growth coincides with maximum soil 

phosphorus concentrations, which are then stored in these organs for early and rapid growth in 

the spring. Inorganic nitrogen is made available by soil microbial activity that reaches its peak in 

late winter by decomposing plant litter into usable nutrients. One C. aquatilis plant accumulates 

approximately 15 mg of N in one growing season, with approximately 10% uptake occurring 

during the month of freeze thaw transition from late winter to early spring (Edwards, 2010, p. 

742). C. aquatilis does not mobilize N upon uptake, but rather stores it in root cells. The uptake 

of available nutrients is directly affected by soil temperature and has a direct effect on the growth 

of C. aquatilis (Chapin III, 1981, p. 83). Timing of remobilization of nutrients is important in 

areas with low soil temperatures as it slows the rate of growth, nutrient uptake and nutrient 
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release. Sedge-dominated peatland populations may naturally assist with the continual 

remobilization of nutrients by pronounced leaf senescence and rapid die-back after shoots 

mature, to support the growth of new shoots (Chapin, 1981, p.91; Gorham & Somers, 1973, p. 

1100). Shifts in microbial community structure are evident at conductivity levels greater than 

10,000 µS/cm, which alters the nutrients available for uptake (Baldwin, Rees, Mitchell, Watson 

& Williams, 2006, p. 463). 

Calcium is another important ion in peatlands and is required for healthy plant function. 

It is commonly used as a soil amendment in remediation projects as it ameliorates the adverse 

effects of salinity (Volkmar et al., 1998, p. 24; Munns, 2002, p. 241); assisting the plant cells by 

maintaining ion homeostasis and growth and playing a protective role on membrane function 

(Volkmar et al., 1998, p. 24). There is reasonable evidence suggesting that calcium may serve as 

a secondary messenger, detecting and translating changes in external salt concentrations into a 

message that changes the mechanisms that regulate ion flux (Volkmar et al., 1998, p. 24).  

Temperature Preference. C. aquatilis has demonstrated a preference for cool soil 

temperatures and has evolved appropriate mechanisms to tolerate the climate. Across North 

American peatlands, C. aquatilis was found growing in locations with a mean annual 

temperature of -0.5 °C (Gignac et al., 2004, p. 1298). Seasonality and cool soils affect the growth 

and behaviour of the plant. A decrease in soil temperature is shown to reduce shoot height, as 

well as produce more roots and less above ground biomass than sites with warmer soils 

temperatures (Chapin, 1981, p. 1003). The mechanisms that allow C. aquatilis to thrive in cool 

soils may provide advantages when other environmental factors are altered, creating stress. Low 

temperature slows the cycling of nutrients, taking up less from the external environment and 

remobilizing within, resulting in smaller plant heights and shorter leaf length (Chapin, 1981, p. 
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83). Slower carbon gain, by way of leaf production, reduced shoot height and higher allocation 

of resources to below ground biomass are all advantageous mechanisms to tolerate lower soil 

temperature. These mechanisms could be similar to those required for stressed environmental 

conditions like high disturbance or salt-contamination. 

Perspective on the Petroleum Industry 

Salt water contamination. Salts occur naturally in soil and water and are brought to the 

surface from underlying geological formations. Oil and gas industrial produced water spills 

result in varying degrees of contamination, dependent on ion composition and concentration, 

geographic location, the geological formation it was produced from, as well as the type of 

hydrocarbon being produced (Veil et al., 2004, p. 3) as shown in Table 2. In addition to the 

natural composition, miscellaneous components may be present, including groundwater, 

seawater, bacteria and chemical additives from drilling (Veil et al., 2004, p. 4)  

Table 2. Conductivity of various types of produced water 
 

Location Type EC (μS/cm)  Source 

N. Alberta Pipeline rupture 360 - 19,000 Bright, 2011 

N. Alberta Oil sand mine wetland 4700 - 7800 Trites & Bayley, 2009 

Alberta Brine from oil battery 187,000 Howat, 2000 

Canada NaCl Drilling Mud 39,000 Howat, 2000 

N. Alberta Consolidated Tailings water <1,000 - 7,900 Bright, 2011 

Arkansas Historic spill scar 41,000 - 86,000 ppm Thoma et al., 2007 

 

The ions that make up salt include sodium (Na+), potassium (K+), calcium (Ca2+), 

magnesium (Mg2+), sulphate (SO4
-) and chloride (Cl-). The salinity of cations and anions 

dissolved in water is referred to as total dissolved solids (TDS, represented as parts per million, 

mg/L) and is measured by electrical conductivity (EC, measured in micro-Siemens per 

centimeter, μS/cm). Water with higher TDS concentrations will have a higher relative EC. A 

mixture of various ions resulting in EC levels below 2000 μS/cm are considered as nutrients and 
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above 2000 μS/cm are considered salinity. Correlation analysis on salt water spill sites found that 

all salt ions were significantly inter-correlated to EC measurements and therefore did not require 

separate consideration (Bright, 2011, p. 7). Sodicity refers to exchangeable sodium in the soil 

and is known to alter soil structure and is measured by the Sodium Adsorption Ratio (SAR), a 

calculated parameter relating the concentration of sodium to the sum of the concentrations of 

calcium and magnesium. Increasing SAR reduces permeability, further reducing infiltration and 

hydraulic conductivity and increases crusting at the surface, which alters natural drainage (Veil 

et al., 2004, p. 10).  

Sodium chloride (NaCl) is the most soluble and widespread salt (Munns & Tester, 2008, 

p. 651) and the stronger the concentration, the more stress exerted on the vegetation. The 

physiological response of plants exposed to salt has been well studied, with the primary focus on 

agricultural applications. The range of soil salinities that plants can tolerate is based on the 

observation of the presence of the plant in a plot with known salinity, showing it is within range 

of tolerance for that species. If enough observations are made across a range of salinities and 

natural site conditions, the documented salinity levels provide an indication of the relative 

sensitivity of a species to salinization (Bright, 2011, p. 10). For agricultural plants, the upper 

tolerance limit is known to be 4000 μS/cm (Munns & Tester, 2008, p. 653) and has become a 

generally accepted threshold.  

Management concerns. Short-term and long-term management goals need to be 

considered equally when dealing with contaminated sites and need to address system wholeness 

(Dale & Beyeler, 2001, p. 3). The short-term goals are often based on a single stressor and do not 

consider system based, long-term impacts. Immediately following an industrial release, 

management takes necessary action to contain the source of contamination and minimize the area 
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of impact. The conventional spill management method typically involves complete or partial 

removal of contaminated material from the spill site, but this is detrimental to overall wetland 

health. Negative aspects associated with excavation include: 1) it disrupts all elements of the 

wetland; 2) it alters topography and creates steeper slopes into the wetland basin; and 3) it 

removes important nutrients and microbial biomass and fungal components in the soil. Choosing 

to leave contamination in place requires risk-based management and requires a long-term 

commitment to monitoring, with increased liability and is typically viewed as a more expensive 

option than removal. Despite short-term remedial benefits, removing contaminated material can 

be counterintuitive to the long-term structure and function of the ecosystem (Bright, 2011, p. 1). 

In areas, such as the oil sands mines, where peatland has been stripped in large quantities, the 

challenge becomes centered around recreating a landscape with a water regime that will initiate 

and accommodate peat accumulation.  

Legislative Framework. The energy industry in Alberta operates under legislation set 

forth by the Government of Canada and the Government of Alberta.  Specifically, the Alberta 

Energy Regulator (AER) governs all aspects of development and environmental regulation, 

ensuring accountability and responsibility across the oil and gas industry (AER, 2013). The AER 

regulates based on a variety of provincial statutes (The Water Act, The Environmental Protection 

and Enhancement Act (EPEA), The Public Lands Act, and The Mines and Minerals Act), 

management strategies (such as Water for Life, The Wetland Policy and various Directives), 

regional and strategic planning commissions and various regional management plans (Alberta 

Environment, 2008, p. 2). The regulations that guide environmental site assessments for salt-

contaminated peatlands include multiple provincial resources from the Alberta Government and 

include the following: The Wetland Policy (2013); The Alberta Wetland Classification System 
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(2015); The Environmental Protection and Enhancement Act (2014); Alberta Tier 1 Soil and 

Groundwater Remediation Guidelines (2016); Alberta Tier 2 Soil and Groundwater Remediation 

Guidelines (2016); Guideline for Wetland Establishment on Reclaimed Oil Sands Leases (2008); 

A Guide to Remediation Certificates for Contaminated Sites (2012); Salt Contamination and 

Assessment Remediation Guidelines (2001); Reclamation Criteria for Wellsites and Associated 

Facilities for Peatlands (2015); Remediation Certification Regulation (2012); and Lower 

Athabasca Region Surface Water Quantity Management Framework for the Lower Athabasca 

River.  

Salt-contaminated boreal peatlands are currently without specific reclamation targets. The 

quasi-judicial policies, guidelines and standards that need to be considered, as well as the wide 

range of diversity found across wetland landscapes, makes standardized assessments challenging. 

The EPEA states that disturbed and contaminated land must be restored to equivalent land 

capability prior to activity being conducted on the land, explaining further that the land-use need 

not be identical (Province of Alberta, 2014, p. 97). Unfortunately, the existing environmental 

guidelines for reclamation do not address salt-specific criteria for contaminated peatlands. The 

various salinity values accepted by industry are shown in Table 3. 

Table 3 
Summary of accepted salinity ranges (as determined by measured electrical conductivity) found 

in regulatory documentation 

 

Community/

Medium 

EC (Salinity 

Range)  

Comments Source 

Soil 
Water 

2000-8000 (μS/cm) 
<1000 ppm 

 Salt Contamination 
Assessment & Remediation 

Guideline – Alberta 
Environment, 2001 

Soil 
 

Water 

2000-8000 (μS/cm) 
 

200 ppm 

For the management 
of contaminated sites 

 

Alberta Tier 1 Soil and 
Groundwater Remediation 

Guidelines, 2016 
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Values 
assigned to 

soil and 
landscape 

<2000 to 8000 
(μS/cm) 

Alberta – manual to 
evaluate land 

capabilities for forest 
ecosystems, as per 

EPEA. Tiered 
deduction system. 

Land Capability Classification 
System for Forest Ecosystems 
in the Oil Sands, 3rd Edition – 
Alberta Environment, 2006 

 

Soil <2000 (μS/cm) good 
2000-4000 fair 
4000-8000 poor 

>8000 unsuitable 

Alberta - guidelines 
for professional 
reclamation of 

disturbed lands. 
Boreal region in 

Northern Forested 
Region. 

Soil Quality Criteria Relative 
to Disturbance and 

Reclamation – Alberta 
Agriculture, Food and Rural 

Development, 1987 

Water 500 (μS/cm) or less 
is freshwater  

 Alberta Wetland Classification 
System, 2015 

Water 
Soil  

Soil and Water 

Chloride – 640 ppm 
Chloride – N/A 
Sodium – N/A 

 CCME, 1999 

Water 700 (μS/cm) or less 
for freshwater 

Glaciated Prairie 
Region 

Stewart & Kantrud, 1971 

 

The Effects of Salt on Vegetation 

Salt contamination in wetlands suppresses vegetation growth and causes detrimental 

effects to the overall community. During stress conditions, it’s essential for the plant to direct 

energy toward tolerance mechanisms, focusing on the regulation, uptake and transport of salt 

ions (Munns & Tester, 2008, p. 651). Plants that grow in saline conditions outwardly display 

physical damage and are easy to identify by reduced size; changes to the leaves; colour change in 

the foliage (bluish leaves or browning leaf tips); and or marginal necrosis of older leaves or 

succulence (Munns, 2002, p. 245; Volkmar et al., 1998, p. 19). The transpiration rate also 

influences the accumulation of salt ions inside the plant. Plants transpire 30 to 70 times more 

water than they use for cell growth (Munns, 2002, p. 244), meaning the concentrated solutes 

coming into a plant have the potential to build up at a rate that will become toxic to the plant. 

Internally, excess ions interfere with solute balance and shift nutrient concentrations, causing 
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membrane damage (Volkmar et al., 1998, p. 19). The addition of salt also affects the activities 

and tolerances of other ions in the plant.  

A plant’s response to salt stress and water stress are essentially identical, involving very 

little genotypic specialization for salt tolerance (Munns, 2002, p. 243; Pouliot et al., 2012, p. 

136). Both types of stress cause water deficiency in the root zone, making it difficult for a plant 

to move water and nutrients through the root membrane (Munns, 2002, p. 235; Munns & Tester, 

2008, p. 652; Volkmar et al., 1998, p. 19). If excessive amounts of salt enter the plant, 

concentrations in the older leaves will eventually rise to toxic levels, leading to premature 

senescence, reducing assimilate transport and further reducing growth (Munns, 2002, p. 239). If 

older leaves die faster than new ones are produced, there will not be enough photosynthetic 

surface area for the plants to enter the reproductive phase. Instead of producing flowers and 

seeds, the plant dies (Munns, 2002, p. 242).  

When plants are subjected to increased salt ions in the root zone, the plant follows a basic 

sequence of mechanisms to delay as long as possible the time it takes to reach toxic levels. 

Firstly, the plant excludes toxic ions, selecting for alternatives. During periods of stress, roots 

take advantage of passive exclusion of ions in the apoplastic pathway (Munns, 2002, p. 240). 

Passive exclusion is when ions are excluded by the plasma membranes of the endodermal cells in 

the roots. The apoplastic pathway in the plants’ roots accounts for the main way to transport 

water, influencing the movement of salt across the roots and xylem (Munns, 2002, p. 244). 

Secondly, there is preferential loading of potassium into the xylem to prevent sodium (Na) from 

reaching toxic leaves in transpiring leaves and thirdly, salt is removed from the xylem and is 

retained in the upper roots and lower part of the shoot (Munns & Tester, 2008, p. 662).  



EFFECTS OF SALINITY ON BOREAL PEATLANDS 37 

Capacity of plant leaves to accommodate export of salt from the root is closely linked to 

growth rate; such that cell expansion provides a storage reservoir for the compartmentalization of 

the salt from the root (Volkmar et al., 1998, p. 21). Resilience to salt accumulation is enhanced 

by the plant’s ability to restrict salt encroachment on the cytoplasm, protecting enzymic and 

metabolic processes fundamental to survival (Volkmar et al., 1998, p. 20). Regardless of a plant 

being classed as halophytic or glycophytic, the biochemical processes fundamental to the plant’s 

metabolism are equally sensitive to salt (Greenway & Osmond, 1972, p. 258).  
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Chapter Four – Results 

Review of Salinity Parameters Selected 

Salinity parameters were reviewed, exploring a broad range of accepted values that were 

relevant to physical responses displayed by the indicator species. Identifying a specific range of 

contamination parameters is important because it allows for clear monitoring goals to be 

established and is reflected in the selection of indicator species (Siddig et al., 2016, p. 229).  

Firstly, the Alberta Wetland Classification System salinity classification guide (Table 1), 

regulatory guidelines and various legislative documents were used to establish the following 

three categories: Normal: <100 μS/cm to 2,000 μS/cm, represents the conductivity range 

occurring naturally in wetlands. The category encompasses ‘freshwater’ and ‘slightly brackish’ 

and extends the conductivity range to 2000 μS/cm (AEP, 2015, p. 6). High Normal: 2,000 to 

8,000 μS/cm, is outside of the normal water conditions for natural peatlands and includes 

classifications ‘moderately brackish’ and ‘brackish’ (AEP, 2015, p. 6). EC measurements up to 

8000 μS/cm, is considered acceptable as per forestry, agriculture and oil and gas reclamation 

criteria (Table 3). Extreme: 8,000 and greater (upper limit of tolerance for the selected indicator 

species), represents the upper range of tolerance for C. aquatilis, to the point of toxicity and 

includes classifications ‘brackish, sub-saline and saline’ classifications (AEP, 2015, p. 6).  

Following the selection of C. aquatilis, demographic parameters of the plant were 

assessed to determine if or how the plant responded to the salinity parameters described above. 

Natural peatlands with maximum conductivity of 1,522 μS/cm (Gignac et al., 2004, p. 1299) 

represents conditions favourable for the regular growth and behaviour of C. aquatilis and falls 

within the Normal category. High Normal category represents the mid-range of tolerance for C. 

aquatilis, and it is commonly found growing on disturbed sites at these levels (Table 4). 
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Although EC ranges outlined in the Extreme category are not accepted in current reclamation 

guidelines, C. aquatilis has been observed in the field at EC levels up to 16,900 μS/cm (Bright, 

2011, p. 11), representing the upper limit of tolerance for the species.  

Demographic parameters of C. aquatilis vary from location to location under the 

influence of fluctuating physical environmental variables and conditions. Based on existing 

literature and limited data it was difficult to establish relationships between the demographic 

parameters of the plant and the chosen EC parameters. Growth metrics that displayed a potential 

relationship occurred at salinity levels contained entirely within the Normal category (Table 6 & 

Table 7).  These low EC levels are widely accepted as normal and are considered non-saline 

(drinking water has EC of approximately 820 µS/cm) and therefore irrelevant to produced water 

spill sites. Additional research investigating changes to culm height and or leaf length may be 

useful to reclamation scenarios suited to this low level of contamination. 

Responses occurring at higher levels of contamination were considered and led to a 

second iteration of selecting salinity parameters. Using presence/absence (measured as relative 

frequency of occurrence of the plants) as the demographic parameter revealed a more useful 

threshold value ranging approximately 8000 -10,000 µS/cm that causes a noticeable shift in plant 

presence, as shown in Tables 6 – 8. The initial salinity parameters were therefore adjusted to 

define two categories instead of three. Normal category includes EC levels of 0 to 10,000 µS/cm, 

and High category was adjusted to include EC levels of 10,000 to 17,000 µS/cm (Table 7). 

Beyond levels of 17,000 µS/cm, it is unlikely for C. aquatilis to be present.  

Review of Indicator Species Selected 

Preliminary Provincial List of Plant Species Found in Wetlands (AEP, 2015, Appendix 

C) provided the foundation for the selection process of the indicator species. The list includes 
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various plant species that are found in Alberta wetlands, as well as the class to which each 

species belongs. Included on the list are trees, shrubs, forbs and pteridophytes, graminoids, 

bryophytes, and liverworts.  

Firstly, it was important to match the indicator species to the ecological setting, which 

was previously identified as peatlands in Alberta, and narrowed further to focus on fens. Woody 

plants and shrubs were excluded from this study because they are known to be salt-sensitive and 

are not recognized as dominant peat producers (Howat, 2000, p. 4; Purdy et al., 2005, p. 667). 

Although bryophytes and liverworts are important to peat production they were excluded from 

the base selection due to sensitivity to salt contamination (Pouliot et al., 2013, p. 136).  

Next, species commonly found on peat accumulating wetlands were selected, meaning 

those plants found in marsh and shallow open water wetlands were excluded. The remaining 

species were then assessed based on the ability to fill a wide ecological niche. For this purpose, a 

wide ecological niche is defined as plants that can grow in a variety of conditions, specifically, 

plants found across all three types of peat producing wetlands: fen, bog and swamp. This resulted 

in a base list of 123 candidate species common across diverse peatland landscape.    

To focus the indicator species selection on salt tolerance, plants commonly found in 

naturally saline ecosystems were reviewed. Research by Purdy et al. (2005) focused on naturally 

saline boreal communities and found sixty-four common vascular plants across ten study areas in 

the Boreal region with maximum salt concentrations exceeding conductivity of 20,000 µS/cm. 

Candidate species from the list created above were cross referenced with Purdy’s list for 

naturally saline wetlands, which resulted in 31 species. These 31 species were then reviewed in 

previously published literature to determine if they were known to tolerate electrical conductivity 

measurements of 8,000 μS/cm. 
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Lastly, these species were cross-referenced against documents containing information on 

salt-tolerant peatland species: Reclamation Criteria for Wellsites and Associated Facilities for 

Peatlands (AEP, 2015, p. 81) Plant Establishment for Wetland Reclamation (Cooper et al., 2006, 

p. 17) and Ecological Effects of Salt Releases to Boreal Peatlands (Bright, 2011, p. 12). Carex 

aquatilis was identified as the single species found across all literature mentioned above and is 

shown as such in Table 4. 

It was also necessary for the species to be relatively well-studied in academic literature to 

allow for adequate information regarding plant physiology and behavior, which further supported 

criteria for selecting a successful indicator species. 

Table 4. 
Summary of wetland species. Thirty-one common vascular plant species found on AWCS 
preliminary species list, found on both saline and non-saline landscapes in Alberta’s boreal forest 
(as per Purdy et al., 2005, p. 674)  
 

Species (Scientific 

name) 

Common name AEP, 

2015  

Cooper, 

2012 

Bright, 

2011 

Aralia nudicaulis Wild sarsaparilla    

Calamagrostis 

canadensis  

Bluejoint 
 �  

Calamagrostis 

inexpansa   

Northern reedgrass 

 �  

Carex aquatilis   Water sedge � � � 
Carex atherodes   Awned sedge � �  

Carex praticola   Meadow sedge    

Carex utriculata  Small-bottle sedge � �  

Chenopodium rubrum  Red goosefoot    

Cicuta maculata   Water hemlock    

Cirsium arvense  Creeping thistle    

Cornus stolonifera  Red osier dogwood    

Deschampsia cespitosa  Tufted hairgrass  �  

Epilobium ciliatum   Northern willowherb    

Equisetum arvense   Common horsetail  �  

Erigeron 

philadelphicus 

Philadelphia fleabane 
   

Galium trifidum   Small bedstraw   � 
Geum macrophyllum Yellow avens    

Hedysarum alpinum  Alpine hedysarum    
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Lathyrus ochroleucus 
Cream-colored 
vetchling    

Maianthemum 

canadense 

Wild lily-of-the-valley 
   

Mertensia paniculata  Tall lungwort    

Orthilia secunda  One-side wintergreen    

Plantago eriopoda Saline plantain    

Poa palustris Fowl bluegrass  �  

Potentilla anserina Silverweed �   

Primula incana Mealy primrose    

Pyrola asarifolia  Liverleaf wintergreen    

Rubus pubescens  Dewberry    

Solidaga canadensis Canadian goldenrod    

Thalictrum venulosum  Veiny meadow rue    

Triglochin maritima  Sea-side arrow grass � �  

 

Indicator Species Criteria 

Easily measurable. C. aquatilis is easily recognizable from other sedges with two stigmas 

by both its habit and habitat (Tande & Lipkin, 2003, p.39). It is a vascular, flowering plant and 

possesses uniform, graminoid form and is considered a modular plant, growing in tiller clumps, 

whose shoots have a life span of approximately twenty-four months making it perennial 

(Bernard, 1990, p.1441). It is described as tall and erect with a long lower bract that overtops an 

inflorescence, usually containing more than one staminate spike above and several erect, 

elongate pistillate spikes below (Tande & Lipkin, 2003, p. 37), as shown in Figure 3. Plants vary 

in height ranging from 20 cm to 100 cm tall (Johnson, Kershaw, MacKinnon, Pojar, 2009, p. 

243).   

Integrative representation of the system. The most noted characteristic identified for C. 

aquatilis is its ability to exist over a broad range of ecological conditions in the Northern  
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Figure 3. Image of C. aquatilis, showing flower and seed development (left) (The Illustrated 
Flora of British Columbia, 1998). Image of C. aquatilis, showing flower and seed development 
(right) (Tande & Lipkin, 2003). 
 

Hemipshere, indicating it is exceptionally tolerant to diverse conditions, and abundant in a 

variety of environments (Gignac et al., 2004, p. 1293; Koropchak, Vitt, Bloise & Wieder, 2012, 

p. 83). The presence of C. aquatilis integrates key environmental gradients such as soil, 

temperature, exposure to sunlight, pH, salinity and water regime. C. aquatilis prefers cool 

organic soils and a nutrient-rich environment, courtesy of enriched groundwater (Grootjans & 

van Tooren, 1984, p. 81; Chapin III, 1981, p. 83). It also displays a preference for consistent 

water levels, via the presence of a high-water table, or areas with frequent flood disturbance and 

prefers locations with full to part sun exposure, tolerating up to 25% shade (Grootjans & van 

Tooren, 1984, p. 87; Bernard, 1990, p. 1445). Alaskan literature notes it is often dominant and 

found in pure stands (Tande & Lipkin, 2003, p. 37). C. aquatilis grows naturally in pH levels 
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ranging from 3.0 – 8.5 (Koropchak et al., 2012, p. 83), with a mean pH of 5.9 identified across 

undisturbed peatlands in Northern Canada (Gignac et al., 2004, p. 1299). C. aquatilis has been 

known to thrive in oil sands wetlands with salinity levels (EC measurements) exceeding the 

common threshold of 4000 μS/cm (Mollard et al., 2012, p. 18). C. aquatilis has been found in 

fresh water conditions ranging from 231 μS/cm to 1522 μS/cm (Gignac et al., 2004, p. 1299) to 

saline conditions with a maximum EC of 16,900 μS/cm (Bright, 2011, p.11). A summary of EC 

ranges for C. aquatilis and the sources can be found in Table 5.  

Table 5  
Electrical conductivity values for salinity tolerance in Carex aquatilis 

 

Electrical Conductivity 

(µµµµS/cm) 

Comments Reference 

28-560 Undisturbed Boreal area – Field research Vitt & Chee, 1990 

36 - 8820 Field research - variety of wetlands in N. 
Alberta, natural and disturbed 
fens/marshes and wet meadows 

Koropchak & Vitt – 
Vitt’s book – 2012, p. 
87 

231-1522 Field research - Undisturbed fens across 
Canada, 
19.2% relative frequency (406/2117 
quadrats) 

Gignac et al., 2004 

204 - 607 - 3435 Field research – oil sands related 
Comparison of 3 categories of wetlands. 
Natural, indirectly affected by oil sands 
and affected by oil sands. Maintain basic 
physiological function 

Mollard et al., 2012 – 
p.17 

300 - 3800 
Mean 1600 

Field research – vegetation survey in 
North Dakota, Minnesota & Manitoba  

As per Cooper et al., 
2006 

80 – 16,900 
 

Field research – disturbed – brine spills in 
Boreal fens and bogs. 
Found in 51% of the plots  

Bright, 2011 

400 – 27,670 
Mean EC: 

5070 
 

Field research – 25 natural areas, fresh 
water to saline and 10 oil sand industrial 
wetlands. 56% relative frequency in 
water sedge communities 

Trites & Bayley, 2009 

1923 - 9803 Field research - Boreal coastal gradient Earle & Kershaw, 
1988 
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Analysis of Demographic Parameters 

The demographic parameters displayed by C. aquatilis in relation to the previously 

mentioned salt contamination categories, Normal, Normal High, and Extreme are displayed in 

Table 6. Much research has been focused on field studies characterizing environmental 

conditions preferred by sedge and the effects of edaphic conditions such as temperature and 

nutrients and very little has been focused on salt water spill conditions.  

Table 6 
Summary of demographic parameters displayed by C. aquatilis  
  

Species 

Response 

Metrics 

Normal 

<4000 µS/cm 

Normal High 

4000-8000 

µS/cm 

Exteme 

8000-17,000 

µS/cm 

Source 

Presence/Absence 

 

Yes Yes Yes - Present 
up to 16,900 

Bright, 2011 

Relative 
Frequency 

38.4 % 
 

19.2 % 
 
 

52 % 

7.7 % 
 
 
 
 
 
 
 

56% 

5.1% Bright, 2011 
 

Gignac et al., 
2004 

 
Gorham & 

Summers, 1972 
 

Trites et al., 
2009 

Culm Height 
(cm) 

 

Start of spring 
growing season 

55 cm 
 

Sedge ranges 15 - 
150 cm. 

 
20-120 cm 

 
 

62 cm (3435 

µS/cm) 

86 cm (607 µS/cm) 

90 cm (204 µS/cm) 

Ranged from 
70.6 cm to 81.8 

cm 
 
 

No data Rezanezhad et 
al., 2012 

(greenhouse) 
 

Johnson et al., 
1995 

 
Tande et al., 

2003 
 

Mollard et al., 
2012 (field) 

Size/Length of 
Leaf 

81 cm (3435 

µS/cm) 

No data No data Mollard et al., 
2012 (field) 
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 97 cm (607 µS/cm) 
113 cm (204 

µS/cm) 

 

Root:Shoot Ratio 

 

6-9:1 May see 
increased 
tillering in 

stressed 
conditions 

No data Chapin & 
Chapin, 1981 

 

Shoot Emergence 
 

New shoots emerge 
late July into early 

winter 

No data 
 

No data Bernard, 1990 
Gorham et al., 

1972, 
Koropchak et 

al., 2012 

Number of 
dead/dying plants 

 

>50% of the shoots do not reach maximum life span 
 

40-90% mortality 
~ 10% survive overwintering 

Bernard, 1990 
 

Cooper et al., 
2006 

% of Flowering 
shoots 

6-9% of the shoots 
flower late July, 

with the plant dying 
in early September 

No data No data Cooper et al., 
2006, Bernard, 

1990 

 
Table 7 presents the abundance of C. aquatilis measured in two ways, relative frequency 

and percent cover, using approximate EC values ranging 0-10,000 μS/cm and > 10,000 μS/cm.  

Table 7  
Analytical matrix summarizing demographic parameters of C. aquatilis for two categories of salt 

contamination (best approximation of observable physical attributes for selected concentrations) 

 

Response Category 1 

0-10,000 µµµµS/cm 

Category 2 

10,000 + µµµµS/cm 

Source 

Abundance 

Measured as Relative 

Frequency (%) 

 

(mean EC) 

>50 (160) 
43 (3055)* 
82 (231) 
52 (1048)** 
81 (1865) 
29 (5070***) 
56 (5070) 

N/A 
8 (19,000) 
N/A 
N/A 
N/A 
N/A 
N/A 

Bayley et al., 2004 
Bright, 2011  
Gignac et al., 2004 
Gorham et al., 1972 
Lieffers, 1983 
Raab et al., 2013 
Trites et al., 2009 

Percent Cover 26% (1923) 
 
No significant 
relationship at levels 
<8,800 
 

 
 
 
 
 
 
 

Earle et al., 1988 
 
Koropchak et al., 
2012 
 
 
Raab et al., 2013 
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C. aquatilis dominated 
community measured 78 
% cover (5070). 
 
63% (1865) 

 
 
 
Lieffers, 1983 

 Category 1a Category 1b  

  <1500 1500 - 4000  

Culm Height 88 cm 62 cm Rezanezhad et al., 
2012 

Leaf Length 105 cm 81cm  

Leaves/Plant 36 17  

Asterisks denote studies with missing data and are explained in more detail below.  
 
* mean EC data was estimated based on graphical data provided in the study and using the 
means of the min and max ECs from the other studies.  
** mean EC was calculated by taking the mean of the mean ECs from studies with similar study 
areas, Gignac et al., 2004 and Lieffers, 1983. 
*** mean EC data was obtained from Trites et al., 2009, as the two studies were completed 
within the same area and the study area descriptions are very similar. 
 

Abundance. Data measuring the relative frequency of C. aquatilis was obtained from 

seven previously published studies. Relative frequency is a measurement of the presence of C. 

aquatilis and can also be used in other kinds of analysis if needed.  

Meta-analysis based on simple linear regression was completed to estimate the overall 

effect of salinity (EC) on the relative frequency of C. aquatilis observed in field situations. 

Analysis was completed using the data summarized in Table 8. Weighting based on sample size 

(n) was assigned to account for the differences in numbers of observations and level of detail of 

the studies. The reduction of relative frequency was calculated to better represent the increased 

absence of C. aquatilis as salinity concentrations increase. Linear regression was computed using 

both untransformed variables and natural log-transformed variables. 

Table 8 
Data collected from summarized analyses in previously published research 

 

n Min EC Max 

EC 

Mean EC EC SE Relative 

Frequency 

Relative Frequency 

Reduction 

10 
  

160.4 11.2 75 25 
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127 160 16900 3054.5* 
 

51 49 

498 0 1522 231 
 

81.5 18.5 

5 -- -- 1048** 
 

52 48 

16 170 12200 1865 
 

81.3 18.7 

45 -- -- 5070*** 
 

29 71 

115 430 27670 5070 
 

56 44 

Asterisks denote studies with missing data, further explanation is provided with Table 7. 
 

To test hypotheses regarding an association of electrical conductivity, EC, with a change 

in relative frequency of C. aquatilis, the following models were fitted and graphed, as shown in 

Figures 4 through 9: 

• Linear regression of untransformed data from each study site (i.e., predicting 

relative frequency from EC).  

• Linear regression of untransformed data from each study site, including two data 

points of lower confidence. The data is weighted by sample size to adjust for 

variance, as is common in meta-analysis. 

• Linear regression of the reduction in relative frequency as a function of mean 

electrical conductivity of each study site, adjusted using sample size (n) 

weighting. 

• Power curve (y=axb) fitted as a linear regression of log-transformed reduced 

relative frequency (y) and log-transformed mean electrical conductivity (x) from 

each study. 

• Logit regression, ln(p/(1-p)) = a+bx, to predict proportion from the untransformed 

mean electrical conductivity for each study site. 

• Logit regression of untransformed data including two additional data points to 

model the outcome of high EC levels. There is a lack of occurrence and very little 
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data to support abundance at these levels, but these seem like a reasonable 

extrapolation to propose until further data are available.  

 
 

 

Figure 4. Linear regression of untransformed data. Weighted by sample size for each study. 

The simple linear regressions presented in Figures 4 and 5 show the same trend; 

decreasing relative frequency of C. aquatilis with increasing electrical conductivity. Figure 5 

presents the analysis of data from seven studies, including two studies with lower confidence 

than the others due to variation in research methodology and analysis. To best account for the 

variance across studies, the data points were weighted based on sample size (higher sample size 
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counts more than lower sample size). This made the analysis rational and provided better fits 

with all the models presented. There is a very small difference in the adjusted r2 between Figure 

4 (0.7641) and Figure 5 (0.7639), and the decision was made to use all seven data points for the 

remaining analyses. The summary table associated with Figure 5 is shown in Table 9. The 

equation for the fitted line is as follows: 

Relative Frequency (%) = 82.631466 - 0.0074719*Mean EC for each study site. 
 

 
 

Figure 5. Linear regression of untransformed data from each study, including two data points 
from studies with lower confidence. 
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Table 9. Summary of fit and analysis of variance for weighted linear regression 
 

Summary of Fit    

RSquare 0.803283   

RSquare Adj   0.763939   

Root Mean Square Error 92.92461   

Mean of Response 70.29902   

Observations (or Sum of Weights) 816   

    

Analysis of Variance    

Source DF Sum of Squares Mean Square 

Model 1 176302.13 176302 

Error 5 43174.91 8635 

C. Total 6 219477.04  

    

F Ratio 20.4172   

Prob > 0.0063**   

 
(Adjusted R2, also called r2 when there is only one independent variable, EC in this case, is a 

statistic in standard use that accounts for the relatively low sample size.) 

(‘Prob >’ refers to the P-value of the F-statistic.  This is the probability, if there is no actual slope 

that is different from zero, of a value this high or higher resulting for F, the ratio of the mean 

square for the regression to the mean square for the residuals, by chance.) 
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Figure 6. Linear regression of reduced relative frequency and mean EC in each study. 
 
The data is presented using the reduced relative frequency, representing absence instead of 

presence. This data is also weighted and provides an adjusted r2 value of 0.7639. 
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Figure 7. Analysis of reduced relative frequency and mean EC in each study site, fitted with a 
power curve (linear regression of log y and log x).  
 

The power curve shows the reduction of C. aquatilis as the electrical conductivity 

increases and is similar to a typical dose-response effect relationship (Figure 7). More data is 

needed to better test this model. The summary table associated with Figure 7 is shown in Table 

10. The equation for the fitted line is as follows: 

Ln reduced relative frequency = 1.0782512 + 0.3361499*Ln Mean EC for each study site 
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Table 10. Summary of fit and analysis of variance for transformed linear regression 

Summary of Fit    

RSquare 0.883899   

RSquare Adj 0.860679   

Root Mean Square Error 2.148412   

Mean of Response 3.258653   

Observations (or Sum of Weights) 816   

    

Analysis of Variance    

Source DF Sum of Squares Mean Square 

Model 1 175.70011 175.700 

Error 5 23.07836 4.616 

C. Total 6 198.77847  

    

F Ratio 38.0660   

Prob > 0.0016*   

 

The logit function models the probability of two outcomes, either C. aquatilis will be present 

or it will be absent. The logit transformation, described as the log of p over 1- p, is usually 

applied as a transformation of “0 or 1” data, such as the presence or absence of plants in a study 

area, which add up to a proportion present or absent, to remap the binary structure of the data in 

to a distribution.  The logit function was applied to this small dataset to see if it would offer an 

advantage to detecting an effect of the EC on probability of presence or absence.  Additional data 

points were added to Figure 9 to show that high EC does eventually reach a level of toxicity for 

C. aquatilis and with current data the highest known limit is 16,900 µS/cm. 
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Figure 8. Analysis of logit function as a function of untransformed mean EC for each study site, 
fitted with a toxicity threshold curve (using data from seven studies). 
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Figure 9. Analysis of logit function as a function of untransformed mean EC for each study site, 
fitted with a toxicity threshold curve, including two additional data points representing the toxic 
effects of very high salinity on C. aquatilis. 
 

Percent cover. Percent cover was noted in four studies (Earle et al., 1998; Koropchak et 

al., 2012; Lieffers, 1983; Raab et al., 2013). One study showed no correlation between EC and 

percent cover of C. aquatilis at conductivity levels <8,800 μS/cm. The other, a study on a coastal 

tidal zone, showed a steady decrease in percent cover as EC levels increased: 26% cover at 

<2000 μS/cm (coastal fen), decreasing to 10% (fresh water meadow) and 1% (saline grass 

meadow) as the gradient shifts toward 9800 μS/cm (elevation decreases and sample plots get 
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closer to sea level). C. aquatilis was observed 400-500 m from sea level in an area with 

conductivity ranging to an upper limit of 15,600 μS/cm.  

Height and length measurements. Culm height, leaf length and size and blade width, all 

display a negative response (decrease in measurement) to the increase in salt concentration from 

200 μS/cm to 600 μS/cm to 3400 μS/cm as per Mollard et al. (2012). In a field study, C. aquatilis 

displays a 23% reduction in leaf length and a 30% reduction in culm height (Mollard et al., 2012, 

p. 18). In a greenhouse study, plants exposed to natural conditions have 53% more leaves/plant 

than those being treated with water injections containing 523 mg/L Na, which equates to an 

approximate conductivity of 1500 μS/cm.  
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Chapter Five – Discussion 

The main objective of this study was to determine if there was a relationship between the 

demographic parameters of C. aquatilis and EC values in salt contaminated peatlands. There was 

adequate data from previously published studies for meta-regression analysis of relative 

frequency. Both percent cover and growth measurements show promise for future research, but 

at this time the data was too limited to pursue further. The power curve plotted represents the 

first step in creating a usable biological monitoring tool for salt-contaminated peatland sites. The 

curve shows very little effect on relative frequency at low concentrations until approximately 

5000 µS/cm, at which point the curve shows a strong change. This is an important shift because 

the high end of the salt tolerance spectrum (<10,000 µS/cm) is more in line with produced water 

spills. The concentration displayed on the power curve could represent a potential threshold 

value that would be useful for field assessments. To further this research, continued validation of 

the predicted response is necessary before the curve would be useful in the field. The curve 

provides a framework into which future data can be inputted, to further develop this type of 

biological assessment. 

The lack of current field data demonstrating the effects of high EC on the abundance of 

C. aquatilis is the most obvious barrier at this time. There is supplemental information that 

supports EC values greater than 8000 µS/cm as a possible marker for future research. In one 

study focused on vegetation community composition, increased EC levels were shown to 

significantly decrease species richness (Koropchak, 2011, p. 87). The study by Koropchak 

showed a significant negative correlation to species richness, but only when levels exceeded 

8,800 μS/cm (Koropchak, 2012, p. 87). In another study focused on vegetation community 

composition, Bright found species richness to be negatively correlated with the degree of 
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salinization at levels greater than 10,000 µS/cm, with a subset of 10 or more species present 

(Bright, 2011, p. 10). In a study looking at microbes and nutrient cycling in a peatland, results 

showed a significant decrease in microbial activity at levels exceeding 10,000 μS/cm (Baldwin et 

al., 2006, p. 463).  

Additional studies were reviewed that focus on multiple environmental variables and the 

affects they have on community composition and abundance of key peatland species. The 

environmental variable highlighted as being the most influential on peatland vegetation is water 

regime (Harris, 2007, p.65; Trites & Bayley, 2009, p. 34; Koropchak et al., 2012, p. 92). This 

again highlights the similarity between the negative effects of EC and the negative effects of a 

disrupted/decreased water regime on vascular plants and should be considered during future 

research.  

Challenges 

Several challenges were encountered throughout the research process. Selecting an 

indicator species with an appropriate sensitivity to the stressor was difficult and was further 

amplified by the fact that produced water spills are highly variable. Disturbance factors such as 

the duration, intensity and frequency can vary drastically, ranging from a single release of 

contaminant or a continuous release of contaminant. The timing of the release in relation to the 

stage of the life cycle of a plant can affect how the plant responds in terms of growth and 

development (Volkmar et al., 1998, p. 21).  Determining the range of salt tolerance values for C. 

aquatilis was quite difficult, and exceptions to the values are to be expected (Howart, 2000, p. 1). 

The complexity of interacting variables in a peatland ecosystem makes it difficult to confidently 

identify changes to EC as the single variable causing the response in the curve. Other variables to 

consider include water regime, pH, temperature, species composition and thus inter-specific 
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competition. The correlation between vegetation community composition (which relates to the 

relative frequency of various species) identified depth to water table, secchi depth, amplitude of 

water, EC and pH as the significant key variables (Trites & Bayley, 2009, p. 36) with depth to 

water table having the greatest influence on composition differences among sixteen vegetatively 

distinct wetland communities (Trites & Bayley, 2009, p. 34). This shows the importance of 

carefully considering all of the costs and benefits associated with excavating salt contaminated 

material from a spill site in peatland ecosystems. Although the effects of increased EC levels 

negatively impact vegetation, the disruption to the water regime may have a greater impact on 

the overall health of the peatland.  
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Chapter Six – Summary 

Peatlands play an important role both locally and globally and should be managed as a 

valuable resource. Increasing anthropogenic development in the Boreal region will continue to 

put pressure on peatlands and optimizing reclamation and remediation strategies is one of the 

main challenges facing the petroleum industry. Creating clearly defined salt contamination 

parameters and looking for measurable responses in C. aquatilis was unsuccessful, but 

identifying a potential demographic parameter that can be analyzed to show significance is the 

first step in moving forward research of this kind. Field research in locations with known salt 

contamination focused on the abundance (presence/absence) of C. aquatilis at various EC 

concentrations would increase available data and improve the analysis completed here. In 

addition to presence/absence data, field research focused on exploring growth metrics of C. 

aquatilis (as an alternative to greenhouse studies) would increase the understanding of growth 

patterns displayed by the plant under changing EC concentrations. Data from more than one 

demographic parameter could be used a combined assessment tool for salt contamination.  

Using only one indicator species narrows the focus and represents an oversimplification 

of the ecosystem (Dale & Beyeler, 2001, p. 5). Similar research focused on species that respond 

differently than sedge may help the assessor gain more information. Submersed aquatic 

vegetation (SAV) may be a good alternative or addition to creating a biological monitoring tool. 

SAV is known to be a good indicator of the nutrient conditions in a wetland, as they are sensitive 

to nutrient levels, water clarity, hydrology and salt-concentrations (Rooney et al., 2011, p. 570).  

In addition, submersed aquatic vegetation acts as a nutrient pump connecting sediment to water, 

providing nutrient cycling within a wetland (Rooney et al., 2011, p. 570). Other species 

commonly found in fens include: Campylium stelletum (yellow starry fen moss), Carex 
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atherodes (awned /wheat sedge), Triglochin maritima (sea-side arrow grass), Typha latifolia 

(cattails) and Utricularia macrorhiza (bladderwort). Considering these species in the same 

manner outlined in this study may provide additional understanding to the function of salt-

impacted peatlands. 

Knowledge Gained from Engaging in this Study 

This study provides the first step in developing C. aquatilis as a biological indicator for 

salt contaminated peatlands, but determining a specific salt tolerance for an individual species is 

more challenging than originally thought. Although C. aquatilis may seem like a poor choice as 

a salt sensitive indicator, the plant showed potential for growth in contaminated areas exceeding 

the normal range of salt tolerance, deeming it potentially useful in produced water spill 

situations. If the species was unable to withstand levels above normal it would not be useful. C. 

aquatilis shows a natural affinity for disturbed landscapes, and has displayed success in growing 

on substrates with EC levels as high as 17,000 µS/cm, which is reaching sub-saline levels. 

Unfortunately, much of the available data was based on conservative levels of contamination 

(<4000 µS/cm), and is considered acceptable or suitable for remediation. To explore the higher 

limits of contamination caused by produced water spills, it was necessary to look for a plant with 

tolerance levels above 8,000 µS/cm. Due to the limited amount of existing data, it was very 

difficult to create salinity parameters that would work with the information collected and made it 

very clear more research is required in the bio-assessment field. 

C. aquatilis was chosen as the indicator species for the following reasons: 1) it is a 

common wetland plant found in fens, bogs and swamps, all of which are known as peat-

producing ecosystems, 2) it is known to be tolerant of EC levels of 8,000 µS/cm, and was found 

in five different sources relevant to Boreal wetlands in Alberta, 3) it is easily recognizable from 
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other sedge species, it is found across a diverse range of conditions, but shows a particular 

affinity for a high and consistent water regime, 4) it is consistently found on disturbed 

landscapes, including both natural disturbances and anthropogenic disturbances, 5) it predictably 

establishes itself in areas that has reduced competition with other species and less than 

favourable growing conditions. 

C. aquatilis provides a suite of potential demographic parameters that could be used to 

indicate changes in salt concentrations. Based on extent of this study, the most promising 

demographic parameters include: abundance, measured as relative frequency or percent cover; 

growth rate, measured as height and leaf lengths; percent of flowering shoots; changes in 

productivity by weighing above and/or below ground biomass. Understanding the life cycle of C. 

aquatilis is important to the timing of field research, as this species has a multi-year life span that 

responds to changes in nutrients and environmental conditions by timing shoot emergence, 

energy allocation to below ground biomass, flowering and tillering that is most advantageous to 

the circumstances. Growth patterns in C. aquatilis are a direct feedback from the environmental 

variables that are affecting it. The ability for C. aquatilis to choose where it allocates energy and 

nutrients allows it to be adaptable to changing conditions.  

Relative frequency of C. aquatilis as a function of mean EC showed a predictable trend: the 

absence of C. aquatilis increases, as salt concentrations increase. There is a gap in information 

for salinity levels over 5000 µS/cm.  

Measuring culm height, leaf length and/or number of leaves per tiller, as indicators of 

changing salinity show potential as well. There is more data needed to determine if these 

demographic parameters will be useful at levels over 4000 µS/cm. 
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Conclusion  

Using C. aquatilis as an indicator species in the monitoring of salt-contaminated 

peatlands at the field level may provide an alternative way of assessing contamination and may 

improve management decisions. C. aquatilis can maintain physiological functions in polluted 

wetlands (Mollard et al., 2012, p. 17) and represents a keystone species that adds resilience to an 

ecosystem. Although there are species that are more sensitive to salt-contamination, C. aquatilis 

is adaptable at higher levels of EC. The presence of C. aquatilis represents a system that supports 

life, cycles nutrients and contributes to peat development, allowing for moderately contaminated 

peatlands to naturally shift back to a fully functioning system. The desired outcome of this 

project was to move forward the concept of indicator species to be a practical and applicable 

means of monitoring salt-impacted areas. C. aquatilis successfully responds to changes in 

salinity in several ways, but with limited data, there is no single, definitive demographic 

parameter displayed by the plant that could confidently support 10,000 µS/cm as the threshold 

value. This highlights the need for additional field level research on sites with concentrations of 

approximately 10,000 µS/cm and higher. 
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