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Abstract 

Streambank stabilization that uses non-living and living design elements, called 

biotechnical restoration, is an increasingly common approach to stream restoration design. With 

this increase in use, it is important to ask if biotechnical restoration practices have an effect on 

the aquatic ecosystem health of a water body.  This study collected aquatic macroinvertebrates, 

basic water chemistry and physical habitat quality data at three sites, evaluating habitat using the 

United States Environmental Protection Agency (EPA) rapid habitat assessment protocol for 

biotechnical restored sites. Data was collected and analyzed at three separate sites located within 

the Elbow River, in the City of Calgary, Alberta. The study sites consisted of timber crib wall and 

willow plantings with riprap toe treatments and were compared to non-restored reference sites. 

Overall, changes in macroinvertebrate assemblage response were observed at the timber crib 

wall restoration site, highlighted by a significant increase of percent Ephemoptera, Plecoptera, 

Trichoptera (EPT) taxa. Water temperatures and EPA habitat assessment scores also showed a 

significant response to biotechnical treatments (decrease in mean water temperatures, increase 

mean habitat scores), demonstrating that biotechnical stream bank restoration treatment can 

result in a detectable aquatic health change. Improvements to these treatments in future 

restoration design are recommended.    

Keywords:  Stream restoration; Biotechnical restoration; Bank stabilization; Crib wall; 

Willow plantings; Elbow River; Macroinvertebrates 
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Introduction 

Streambank erosion is the movement or instability of streambanks from flowing water or 

steep slopes present along a bank. It has largely been documented as a natural process, as many 

watercourses have dynamic stream flow characteristics (Sudduth & Meyer, 2006).  However, in 

many situations, stream bank erosion may be facilitated by human activity (Sudduth & Meyer, 

2006).  For example, land development practices that change flow characteristics or degrade 

riparian vegetation, such as the creation of impervious surfaces or removal of native riparian 

vegetation (e.g. from urban development or excess cattle grazing), can cause excessive erosion 

and dramatically change the flow characteristics of streams and rivers (Anim, Fletcher, Vietz, 

Pasternack & Burns, 2018; Selvakumar, O’Connor, & Struck, 2010).  This often results in 

watercourse bank erosion and instability (Anim et al., 2018). Furthermore, the natural 

meandering process in alluvial streams poses a concern of land encroachment within developed 

areas (D. Polster, personal communication, April 1, 2019). As riparian habitat continues to be 

encroached upon and bank instability results, valuable land is lost and water quality is often 

degraded (Sudduth & Meyer, 2006).  Healthy riparian vegetation can intercept precipitation and 

resist erosion, moderate flood flows, recharge alluvial aquifers, and filter sediment from runoff in 

developed or urban areas (Richardson et al., 2007). This can prevent harmful substances from 

being carried with sediments, such as pesticides, fertilizers, oils and grease, and metals to be 

transported into aquatic systems (Fang, Lai, Cheng, Huang & He, 2017). Streams in central 

Alberta have faced immense pressures to riparian areas, in the name of agricultural, residential, 

and industrial development. Policies governing development in Alberta have not been consistent, 

with defined riparian setback distances from watercourses and, as such, land use development 



AQUATIC EFFECTS OF BIOTECHNICAL RESTORATION 2 

encroaching on stream riparian areas has become increasingly problematic in these sensitive 

areas (Alberta Government, 2012; Alberta Water Council, 2009).    

Treatments to restore damaged and eroded streambanks take various forms. Evette, 

Labonne, Rey, Liebault, Jancke and Girel (2009) provide a historical review of these treatment 

methods and indicate that some techniques have been completely abandoned since their 

historical use, others unchanged, and still others in use today but have evolved significantly. A 

specific category of techniques used today employs living materials (i.e., vegetation) to protect 

eroding banks. These techniques are often referred to as soil bioengineering or biotechnical 

streambank stabilization methods (Polster Environmental Services Ltd., 2003). The concept 

behind these methods is that plant materials and vegetative root structures in the soil of 

streambanks will provide means of reinforcement and stabilization. It is important to note that 

these techniques for streambank restoration have adopted different terms. Bioengineering refers 

to only plants and natural materials, such as wood, being used to resist slope bank erosion, 

whereas biotechnical methods use both non-living and biotic elements for this purpose (Skirrow, 

2006). Restoration methods evaluated in this study use a biotechnical design approach. It is 

important to note that the term ‘restored’ is used throughout this research study. For the purposes 

of this study, the term ‘restored’ study site is used describe a site where restoration treatments 

have been applied to a streambank, and is not intended to imply that the function of the water 

body has been fully restored. 

Biotechnical Design and Streambank Protection 

Conventional engineering systems for the use of erosion and bank protection utilize non-

living materials to construct shore protection. These systems often take the form of rock riprap 

materials, cast concrete, or sheet piling (Polster Environmental Services Ltd., 2003). While they 
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serve a structural purpose, they have been criticized for introducing non-natural materials into 

riparian and aquatic systems, serving no riparian or aquatic benefit (Li & Eddleman, 2002). 

Furthermore, it has been reported that these engineered measures simply create erosional issues 

further downstream a watercourse channel (Li & Eddleman, 2002). Hard armouring using these 

artificial materials can reduce bank roughness, eliminating a stream’s ability to dissipate flow 

energy (Li & Eddleman, 2002).  

It is known that large riprap can provide some habitat for fish, providing similar habitat 

functions as boulder clusters (Alberta Infrastructure, 1999; Slaney and Zaldokas, eds. 1997). 

However, riprap slopes often displace riparian vegetation, therefore limiting the benefits riparian 

vegetation can provide (i.e., large woody debris, shade, litter and insect fall, etc.) (Polster 

Environmental Services Ltd., 2003).  

Biotechnical systems, on the other hand, use living plant materials with the potential to 

grow and reinforce bank stability over time. More specifically, Li & Eddleman (2002) describe 

the bank soil stabilization mechanisms as: 

• reinforcing the soil with tensile fibres of the root mass;  

• increasing shear strength by reducing (soil) pore-pressures through transpiration; 

and 

• anchoring the slope through deep root penetration into more stable strata. (p.231) 

Li & Eddleman (2002) also attribute vegetation to reduced erosion of surface soils by:  

• intercepting raindrops, preventing soil compaction and maintaining infiltration;  

• slowing surface runoff;  
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• restraining soil particle detachment via shallow, dense root systems, consequently 

reducing sediment transport; and 

• delaying soil saturation through transpiration. (p. 231)  

The restoration designs evaluated within the Elbow River watershed in this study have 

used live staking, woody debris placement, and crib wall techniques (G. Roman, personal 

communication, May 4, 2018). Live staking, a simple biotechnical method, uses live cuttings 

harvested from dormant living willow (Salix spp.), red osier dogwood (Cornus stolonifera), 

balsam poplar (Populus balsamifera) and similar local plants placed within pilot holes to 

establish riparian vegetation and stabilize slumping materials (Lindsay & Peterson, 2017; Polster 

Environmental Services Ltd., 2003). Woody debris placement is used primarily to help reduce 

bank erosion. Using side branches cut from live stakes, small woody debris is placed at the toe of 

other restoration works to reduce water velocity and minimize erosion (Polster Environmental 

Services Ltd., 2003). Crib walls, a generally more complex biotechnical measure, is built on the 

concept of minimizing slope length to reduce erosion risk. A terrace is built using timber 

materials placed horizontally to hold soil in place while permitting water seepage (Donat, 1995).  

While these techniques have been described as individual measures, oftentimes they are 

combined in restoration design (Sudduth & Meyer, 2006).  

An added benefit to biotechnical restoration is the general opportunity for volunteer and 

public involvement (Polster Environmental Services Ltd., 2003). Equipment and labour for these 

practices generally do not require large amounts of highly trained personnel. Rather, one or two 

trained people direct a team of labourers. In this regard, labour costs are significantly reduced 

compared to skilled labour and equipment operators typically required for conventional bank 
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stabilization approaches such as concrete or riprap placement. Similarly, living materials (shrub 

cuttings) can be harvested at virtually no cost, as compared to procuring engineered materials 

(Polster Environmental Services Ltd., 2003).  

Biotechnical Restoration Terrestrial Benefits 

Further to erosion control and streambank protection capacities, biotechnical practices 

provide a level of naturalization that engineered practices cannot provide (Cavaille et al., 2018). 

For instance, biotechnical restoration provides means for better plant coverage as compared to 

hard cover embankments. Furthermore, when planning biotechnical projects, designers have the 

choice of planting indigenous riparian plant species, thereby maintaining the native assemblage 

of riparian species (personal communication, January 16, 2019).   

It is no surprise that biotechnical restoration assimilates restored streambank into 

surrounding natural riverbank communities better compared to hard cover embankments at a 

landscape level (Li & Eddleman, 2002). This is done by mimicking natural riverbanks and 

riparian areas. However, at a finer resolution, when considering functional and species diversity, 

Cavaille et al. (2015) found that biotechnical restoration also supports diverse plant communities. 

This functional diversity has indirect contributions to aquatic systems. For example, organic 

material from various riparian plantings can provide temporary shelter, habitat, and food for 

many different macroinvertebrates (Cavaille et al., 2018). Biotechnical restoration practices also 

promote riparian vegetation, which can serve to diminish fluctuating light levels and water 

temperature within the stream and regulate stream velocity (Cavaille et al., 2018).       

Aquatic Health Indicators 

In examining the aquatic benefits of biotechnical restoration, researchers often use an 

assortment of parameters to provide a larger picture of stream health, including biological 
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species present within the aquatic system, chemical indicators, and physical habitat values 

(Barbour, Gerritsen, Snyder, & Stribling, 1999; Cavaille et al., 2018; Sudduth & Meyer, 2006). 

Healthy aquatic ecosystems are defined by Environment and Climate Change Canada (2010) as 

“…those where human disturbances have not impaired the natural functioning (e.g., nutrient 

cycling) nor appreciably altered the structure (e.g., species composition) of the system.” 

Biological organisms, such as aquatic macroinvertebrates are often used to determine 

stream quality. Macroinvertebrates are organisms that inhabit a wide variety of water bodies, 

from mountain streams to stagnant wetlands (Voshell, 2002). These organisms are widely used in 

biological surveys because they are influenced by physical, chemical, and biological conditions 

of their host waterbody (Besacier-Monbertrand, Paillex, & Castella, 2012). They can respond to 

the impacts of habitat degradation not detected by traditional water quality assessments (Barbour 

et al., 1999). As well, they cannot readily escape pollution and can show the effects of short-

term, and long-term pollution events based on assemblages of different taxa (Barbour et al., 

1999).   

Primary literature has commonly examined fish assemblages, macroinvertebrate 

communities, aquatic macrophytes, and riparian and floodplain vegetation as indicators to 

determine the effect of restoration measures on species diversity in aquatic systems (Kail, 

Brabec, Poppe, and Januschke, 2015; Schmutz et al., 2016; Sudduth & Meyer, 2006; Teels et al., 

2006). The general trends from these studies have been that restoration does lead to a measurable 

effect on aquatic systems. While the scale and type of effect were variable among the individual 

studies, these researchers collectively found aquatic life was influenced following restoration 

(Kail, Brabec, Poppe, and Januschke, 2015; Schmutz et al., 2016; Sudduth & Meyer, 2006; Teels 

et al., 2006).   

https://ec.gc.ca/eau-water/default.asp?lang=En&n=6CA710A4-1&wbdisable=true#wb-cont
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Kail et al. (2015), through a scientific literature review, concluded river restoration had an 

increased effect on fish and invertebrate abundance/biomass, but a reduced effect on species 

richness/diversity. Researchers suggested it is easier to increase the number of individuals of 

existing taxa in a restored reach than it is to establish new or once-lost taxa. Schmutz et al. 

(2016) examined the length of the restored river reach, the time following restoration, and 

hydromorphological quality of restoration to evaluate restoration success. They found that 

species density and diversity was not altered by restoration, but the proportion of small 

rheophilic fish (those that prefer fast moving water) increased compared to those tolerant of a 

range of habitats (Schmutz et al., 2016). The researchers stated the restoration measures applied 

in their study included river widening, creation of instream structures, flow enhancement, 

remeandering and side channel reconnection, and recreation of micro- and meso-habitats 

particularly important in the early stages of rheophilic fish life history (Schmutz et al., 2016).  

Water chemistry measurements also add further understanding of aquatic health. 

Analyzing water constituents and properties has been the leading element of many aquatic 

monitoring programs (Barbour et al., 1999). Water chemistry parameters (such as pH, water 

temperature, and electrical conductivity) provide an understanding of the factors affecting 

macroinvertebrate assemblages and to the presence of water quality stressors and other aquatic 

health elements which could not be represented by macroinvertebrates (Barbour et al., 1999). For 

example, highly acidic waters could be the principle cause of a change in macroinvertebrate 

assemblages, as found by Ndaruga, Ndiritu, Gichuki and Wamicha (2004), as opposed to 

biotechnical restoration impacts.   

Physical habitat evaluation provides another indicator of aquatic health. By measuring 

physical characteristics such as flow regimes, habitat availability, canopy coverage, riparian 
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vegetation, channel stability, and streambed substrate type, researchers develop a greater 

understanding of the habitat available to support macroinvertebrates and other organisms that 

inhabit the stream (Barbour et al., 1999). For example, physical habitat provided by riparian 

canopy cover provides the shade and coverage needed by invertebrates and fish to avoid 

predation or regulate body temperature (Li & Eddleman, 2002).  

Physical habitat assessment tools have been developed as a way for stream researchers to 

evaluate the level of impairment to waterbodies. By using a defined procedure to characterize the 

level of impairment, source of impairment, and evaluating efficacy of restoration from reference 

conditions, a consistent approach is used to draw conclusions on physical aquatic habitat 

condition (Barbour et al., 1999). The United States Environmental Protection Agency (US EPA) 

developed one such habitat assessment tool, allowing for the synthesis of habitat data in a 

relatively inexpensive manner to determine the potential of a stream habitat to support aquatic 

life. It has been widely distributed and extensively tested across the United States and Canada in 

both high and low gradient streams (Barbour et al., 1999).  

This research study examines the effects biotechnical streambank stabilization methods 

have on the aquatic ecological health of rehabilitated waterbodies as assessed by water quality, 

aquatic benthic macroinvertebrate assemblages, and physical habitat evaluation.  

Research Question and Objectives 

The overall goal of this research study was to address the question: do biotechnical 

restoration practices have an effect on the aquatic ecosystem health of a water body? The null 

hypothesis to this question is: there are no measureable differences in aquatic health response at 

biotechnical restored streambanks compared to unrestored areas. Aquatic health was measured 
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using indicators including aquatic invertebrate community assemblages, riparian and instream 

habitat, and water quality.  

Specific study objectives were to: 

1) compare the response of benthic macroinvertebrate assemblages, water quality, and 

riparian and instream habitat in streambank biotechnical sites with unrestored 

(degraded) sites along the Elbow River within the City of Calgary, Alberta; 

2) assess the response of these variables in relation to aquatic ecosystem health; and 

3) determine whether biotechnical restoration has any measurable effect on aquatic 

macroinvertebrate assemblages.  

It is anticipated that findings from this research will assist restoration planners and 

designers, erosion and sediment control professionals, municipalities, and landowners in 

streambank restoration goal planning and design.  

Methodology 

Study Area 

The Elbow River was selected as the region for study. The downstream portion of the 

Elbow River is located in an urban setting, within the City of Calgary, Alberta, Canada, before 

entering the Bow River within the City’s downtown region. The city has dedicated extensive 

effort into restoring streambanks on the Elbow River, and reported using biotechnical practices in 

select locations. According to Sudduth and Meyer (2006), stream restoration projects have 

become increasingly more common in urban settings and, as such, urban restored sites were 

more readily available and accessible in this study than rural ones.  

Study sites were located among a highly disturbed and urban landscape within the 

foothills of the Rocky Mountains, in the lower reaches of the Elbow River, a tributary to the Bow 
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River in the South Saskatchewan River basin (Figure 1). The Elbow River is a relatively steep 

tributary to the Bow River, originating at Rae Glacier in the Rocky Mountains at an elevation of 

2700 m and dropping to 1030 m at its confluence with the Bow River approximately 120 km 

away (Elbow River Watershed Partnership, n.d.; Wijesekara, Farjad, Gupta, Qiao, Delaney & 

Marceau, 2014). Within the study area, the Elbow River has been reported to support brown 

trout, burbot, lake chub, longnose dace, longnose sucker, mountain whitefish, northern pike, 

pearl dace, rainbow trout, trout-perch, white sucker, and other fish species in the sucker family 

(AEP, 2018a).  
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Figure 1. Location of the Elbow River study sites within the City of Calgary. Map obtained from 

the Government of Alberta, GeoDiscover Alberta mapping tool (2019).  

Within the City of Calgary, the Elbow River has been altered to form the Glenmore 

Reservoir, held back by the Glenmore Dam. The Glenmore Reservoir is a water supply for the 

city, as well as a focus area for recreation. Three riverbank stretches along the Elbow River 

within the City of Calgary were selected for study. One study site, identified as Discovery Ridge 

(DR) is located upstream of the Glenmore Reservoir, while the other two study sites, identified 

as Sandy Beach (SB) and Stanley Park (SP), are downstream of the reservoir (Figure 1).  
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Each of the study sites varied in the types of biotechnical restoration used. The Discovery 

Ridge study site underwent streambank restoration, with a substantial amount of the project 

completed in 2016. Timber cribwalls, rock clusters, and instream woody debris were constructed 

along the outside meander bend on the north side of the Elbow River. A length of 80 m of 

streambank was restored. The site is characterized as both natural park area south of the river, 

and low-density residential to the north (Figure 2).  

Figure 2. Photographs of Discovery Ridge streambank restoration in a) April 2018 (rising flow), 

and b) September 2018 (lowest flow).  

The Sandy Beach restoration study site received a 180 m length of stone armouring and 

willow planting treatments along the north bank, completed in 2014. This study site is located 

within the Sandy Beach park, consisting of walking trails and public access points along the river 

(Figure 3).  

(a) (b) 
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Figure 3. Photographs of Sandy Beach streambank restoration site in a) April 2018 (rising flow), 

and b) September 2018 (lowest flow).  

Similarly, the Stanley Park restoration study area is within an urban park setting, with 

landscaped greenspaces, walking trails, and public access points to the river. In 2015, the Stanley 

Park study site received 140 m of rip rap treatment with willow plantings in a brush layer along 

the northeast bank (Figure 4). Rip rap treatments include stabilization with stone typically greater 

than 15 cm diameter (Bariteau, Bouchard, Gagnon, Levasseur, Lapointe & Bérubé, 2013).  

  

(a) (b) 
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Figure 4. Photographs of Stanley Park streambank restoration in a) April 2018 (rising flow) and 

b) September 2018 (lowest flow). 

Sudduth & Meyer (2006) used four ‘replicate’ study reaches to evaluate bioengineering 

techniques in stream restoration. However, in a realistic field setting, they accepted that some 

variability in bioengineering techniques existed between each of the reaches. Some of their study 

reaches used geotextile wrapped ‘logs’ while others used live cuttings inserted into rip rap 

(Sudduth & Meyer, 2006). This was noted in this study design as well, and the study reaches 

incorporated a variety of biotechnical techniques for evaluation, as described previously.    

The reference study sites were in close proximity to the test restoration sites and 

represented the urban, degraded streambank which had not received restoration treatment. The 

intent of maintaining proximity between test and associated reference reaches was to control for 

potential confounding effects between test and reference reaches, such as varied biological 

community assemblages, flow velocity, and regional water quality variances.    

(a) (b) 
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Field Sampling Protocols 

Indicators used to assess aquatic health impacts from streambank restoration were both 

quantitative and qualitative. Quantitative indicators used field measurements and sampling of the 

aquatic system; qualitative indicators used visual observations of instream habitat compared 

against predetermined criteria.     

A primary indicator of aquatic health in this study was the assessment of benthic 

macroinvertebrate assemblages within restored streambanks using biotechnical restoration and 

unrestored reference reaches. Macroinvertebrates were collected at all three study reaches over 

three periods within the open water season in 2018, targeting rising (May), decreasing (August), 

and lowest flow (September) regimes of the Elbow River. Sampling during peak flow periods 

were also planned but the river reaches could not be assessed due to unsafe water level depths 

and conditions. The Elbow River hydrograph was assessed through the Alberta River Basins 

online database (Alberta Environment and Parks, 2019) to determine sampling dates which 

coincided with targeted flow regimes. Hydrograph data was evaluated at two stations, Elbow at 

Sarcee Bridge, 5.18 km downstream of Discovery Ridge, and Elbow River below Glenmore 

Dam, located immediately within Sandy Beach sample site (Figure 5).  
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Figure 5. Elbow River 2018 hydrograph from a) Elbow at Sarcee Bridge and b) Elbow River 

below Glenmore Dam water station (Alberta Environment and Parks, 2019). Sampling dates are 

highlighted by black vertical bars (May 4-6 [increasing flow]; August 11-13 [decreasing flow]; 

and September 20-22 [low flow]).  

At each study site, the restored length of streambank was identified. Each study site 

varied in restoration length (80 m length for Discovery Ridge; 180 m for Sandy Beach; 140 m 

for Stanley Park). This was similar to Sudduth and Meyer’s (2006) study design where the length 
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of bank stabilization completed at each site varied. In order to account for this difference, only 

the downstream 80m of the restored length was evaluated in this study, and an equal 80 m length 

was studied as the untreated reference streambank. Additionally, the reference bank was located 

on the same bank side as the restored bank, and was selected to be free from any obvious man-

made infrastructures (such as storm outfalls or bridge abutments), but otherwise resembling pre-

restoration conditions of the restored reaches.  

Ideally pre-restoration data would have been compared to data collected from this study 

to form a Before-After-Control-Impact study design; however, no monitoring was conducted at 

these reaches prior to restoration. In speaking to the research design and selecting study sites, 

other researchers, such as Teels et al. (2006) were able to collect and compare baseline pre-

restoration conditions with restored effects on riparian buffers.  The majority of other similar 

studies, however, have needed to make use of degraded reference reaches and restored study 

areas in separate locations, similar to the research design proposed for this study.  Michener, (as 

cited by Sudduth & Meyer, 2006) stated: "This study would have ideally compared the data to 

data collected before restoration from the same sites; however, no monitoring had been done at 

these sites pre-restoration so we chose to structure this as a space-for-time study" (p. 219).   

Four sampling sites (replicates) were selected along transect lines of equal length on the 

same bank side as the biotechnical restoration parallel to the bank within each restored 

(treatment) and reference streambank reach (Figure 6). These sampling sites were randomly 

selected on each sampling date using a random number generator to determine the position along 

each transect. 
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Figure 6. Schematic sampling plan for treated and reference transects along the Elbow River.  

At each sampling site, sediment-bound and suspended macroinvertebrates were collected 

using a 1 m by 1 m kicknet, with a 400-µm sieve size (Environment Canada, 2012; Selvakumar 

et al., 2010; Violin, Cada, Sudduth, Hassett, Penrose, & Bernhardt, 2011). The kicknet sampler 

was used to dislodge macroinvertebrates from the streambed allowing suspended material to drift 

into the kicknet over a duration of 60 seconds (Violin et al., 2011).  Contents of the kicknet were 

rinsed, collected, and preserved in 95% ethanol (Violin et al., 2011). In the lab, samples were 

rinsed again, preserved in 70% ethanol and specimens handpicked for taxonomy. 
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Macroinvertebrate sampling methods were adapted from the Canadian Aquatic Biomonitoring 

Network (CABIN) Field Manual (Environment Canada, 2012; Reynoldson, Logan, Pascoe, & 

Thompson, 2008) and the United States Environmental Protection Agency Rapid Bioassessment 

Protocol (Barbour et al., 1999). All macroinvertebrate specimens within each sample were 

identified to the family level (Beugly & Pyron, 2010; Bowman & Bailey, 1997; Marshall, 

Steward, & Harch, 2006) using the data of Clifford (1991) and Voshell (2002); no subsampling 

occurred. Pollution stress tolerance level for each taxa was assigned based on Voshell (2002) and 

categorized as “very tolerant to stress”, “somewhat tolerant”, “facultative” (defined by Voshell 

(2002) as organisms which are present in environments of pristine to moderate levels of 

perturbation, often occurring in high numbers where conditions are considered moderate), 

“somewhat sensitive”, “very sensitive”, or “unknown” (where insufficient or inconclusive 

tolerance data was available). In addition to pollution stress tolerance, taxa richness, percent 

dominant taxa (measuring the dominance of one taxa), EPT (insect orders: Ephemeroptera, 

Plecoptera, and Trichoptera) richness, and percent EPT were measured. Taxa richness measured 

the overall diversity of the macroinvertebrate assemblage, whereas EPT richness measured the 

number of pollution sensitive taxa. Percent EPT, the percentage of the sample made of the orders 

Ephemoptera (mayfly), Plecoptera (stonefly), and Trichoptera (caddisfly) larvae, is a metric used 

to determine the proportionate composition of macroinvertebrate taxa considered relatively 

sensitive to perturbations of aquatic habitat (Barbour et al., 1999). The percent EPT was 

predicted to decrease in response to increasing perturbation (Barbour et al., 1999; Voshell, 2002).  

Additional abiotic and biotic field measurements were also collected to characterize the 

benthic macroinvertebrate habitat and identify any potential limiting factors to macroinvertebrate 

presence (such as highly acidic waters). These included the following variables: wetted channel 
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and bankfull width (representing the amount of channel available as macroinvertebrate habitat), 

flow velocity, substrate size, stream habitat type, canopy coverage, macrophyte coverage and 

type, and periphyton coverage on substrate. In addition, at each study transect, pH, temperature, 

and conductivity were recorded using an Oakton Multi-parameter PCTestr-35. The multi-

parameter tester was calibrated before each field use using the solution standards pH 4.0, 7.0, 

and 10.0, and 1413 µS/cm for conductivity. GPS coordinates were collected in UTM units along 

with site photographs. Methods for data collection of these parameters are summarized in Table 

1. Parameters that were not measured on each sampling date were either expected not to change 

through season (e.g. channel width), or were limited to sampling equipment availability.  

 

Table 1 

Water and Habitat Quality Parameters Measured at Each Study Site and Description of Method 

Used.  

Parameter 

Measured (Units) 

Method of Measurement Sample Dates 

Wetted channel 

width (m)* 

Measured from wetted bank edge using Bushnell 

rangefinder 
 

August 11-13, 2018 

Bankfull width 

(m)* 

Measured from top of bank using Bushnell 

rangefinder 
 

August 11-13, 2018 

Discharge (m3/s) Alberta River Basins online database (Alberta 

Environment and Parks, 2019) 
 

May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

Flow velocity (m/s) Measured using a meter stick and the velocity 

head rod methodology 
 

May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

Substrate size (cm) Visual estimate of substrate size classes present: 

Silt/clay <0.1 cm 

Coarse sand 0.1-0.2 cm 

May 4-6, 2018 
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Parameter 

Measured (Units) 

Method of Measurement Sample Dates 

Gravel 0.2-1.6 cm 

Small pebble 1.6-3.2 cm 

Large pebble 3.2-6.4 cm 

Small cobble 6.4-12.8 cm 

Cobble 12.8-25.6 cm 

Boulder >25.6 cm 

Stream habitat type Stream habitat characterized as riffle, rapids, run, 

or pool 

May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

Canopy coverage 

(%) 

Visually estimated and categorized as: 

0%, 1-25%, 26-50%, 51-75%, 76-100% 

May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

Macrophyte 

coverage and type 

(%) 

Visually estimated and categorized as: 

0%, 1-25%, 26-50%, 51-75%, 76-100% and as 

grasses, shrubs, deciduous trees, coniferous trees 

May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

Periphyton 

substrate coverage 

(numeric scale)* 

Visually estimated and categorized as:  

1-Rocks not slippery, no obvious colour (thin 

layer <0.5 mm thick); 

2-Rocks slightly slippery, yellow-brown to light 

green colour (0.5-1.0 mm thick); 

3-Rocks have noticeable slippery feel with 

patches of thicker green to brown algae (1-5 mm 

thick); 

4-Rocks are very slippery (algae can be removed 

with thumbnail), numerous large clumps of 

green to dark brown algae (5-20 mm thick); 

5-Rocks mostly obscured by algal mat, extensive 

green, brown to black algal mass may have long 

strands (>20 mm thick) 

May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

pH* Oakton Multi-parameter PCTestr-35 May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

Temperature (°C)* Oakton Multi-parameter PCTestr-35 May 4-6, 2018 

Conductivity (µS)* Oakton Multi-parameter PCTestr-35 May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

Turbidity (NTU)* Hach 2100Q Turbidimeter May 4-6, 2018 

August 11-13, 2018 

September 21, 2018 

Sampling protocols adapted from CABIN Field Manual (Environment Canada, 2012; 

Reynoldson et al., 2008) 

* Parameters tested for statistical significance 
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To further assess the quality of macroinvertebrate habitat, the US Environmental 

Protection Agency’s (EPA) habitat assessment field data sheet for high gradient streams was 

adapted according to the methods of Plafkin et al. (1997). Using visual indicators of the structure 

of physical habitat, further insight and understanding was given to the habitat offered to 

macroinvertebrates from streambank restoration at each sampling location along each of the 

study reaches (Selvakumar et al., 2010). The EPA habitat assessment considers eight parameters 

(Table 2) and scores each parameter based on the visual estimate of its condition from 0-20, 0 

being poor habitat condition, 20 being optimal (Appendix 1). The EPA habitat assessment also 

incorporates the habitat parameters, embeddedness and velocity/depth regime; however, these 

parameters require assessment at a greater watershed scale than what could be conducted in this 

field assessment and, therefore, were omitted. The scores for each parameter are added together 

to give an overall score for the study site; the greater the score (maximum of 160), the more 

optimal habitat available. The EPA habitat assessment scoring was performed during the May 

and August sampling dates to reflect potential seasonal changes. Scoring in September was 

omitted as this was determined to provide no additional information to the study program, given 

that limited habitat changes were expected between August and September. Sampling in 

September had limited field time and resource availability; therefore, only macroinvertebrate and 

water quality data was obtained.   
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Table 2 

Stream Habitat Parameters Evaluated Using the EPA’s Habitat Assessment Field Form to 

Evaluate Macroinvertebrate Habitat Quality in High Gradient Streams.   

Habitat Parameters Visually Evaluated Description 

Epifaunal Substrate/Available Cover 

 

Natural structures available as refugia, feeding, 

spawning and nursery function for aquatic 

macrofauna 

Sediment Deposition 

 

Deposited sediment results from an unstable and 

constantly changing environment unsuitable for 

many organisms  

Channel Flow Status 

 

With reduced water levels (and exposed 

streambed), the amount of suitable habitat for 

aquatic organisms is reduced 

Channel Alteration 

 

Artificial bank stabilization or structures 

(embankments, rip rap, etc.), reducing the 

natural habitat availability for fish, 

macroinvertebrates, and aquatic plants 

Frequency of Riffles (or bends) 

 

These habitat features offer increased habitat and 

fauna diversity 

Bank Stability 

 

Instability contributes a source of sediment 

movement and deposition, and indicates a lack 

of available cover and organic input to streams 

Vegetative Protection and Riparian 

Vegetative Zone Width 

 

Offers bank stabilization, reduces sediment input 

to streams, provides organic input to aquatic life, 

provides thermal cover/shading, offers fish and 

macroinvertebrate cover and habitat 

 (after Plafkin et al. (1997)) 

Statistical Design and Data Analysis 

The statistical design involved three study locations (Discovery Ridge, Sandy Beach, and 

Stanley Park). Each study location was divided between restored and reference reaches, thereby 

equaling six study reaches in total. At each study reach, four sampling sites (replicates) were 

studied. All of this data was collected during three sampling events (rising/decreasing/low flow). 
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Macroinvertebrate variables examined for statistical significance included the following: taxa 

richness, dominance (percent dominant taxa), EPT Ephemeroptera, Plecoptera, Trichoptera 

richness, EPT percentage, and pollution stress tolerance (percent very sensitive, percent 

somewhat sensitive, percent facultative, percent somewhat tolerant, and percent very tolerant 

taxa calculated for each of the study sites). As well, select variables from the stream habitat 

measurements and EPA habitat assessment scores were analyzed for significance, including, 

bankfull and wetted channel widths, periphyton coverage ranking, and EPA habitat assessment 

scores (Table 1; Table 2).   

Analysis of variance (ANOVA) was performed at three levels (date, site, and treatment) 

with an alpha (p-)value of 0.05 (n=4) to test for statistical differences in reference versus restored 

reaches for each variable (excluding EPT percentage, where an alpha value of 0.1 was 

considered to incorporate marginally significant mean differences from restoration works) (after 

Selvakumar et al., 2010). Post-hoc mean comparisons were used to determine where significant 

differences, if present, were among treatment types. Data were analyzed using JMP version 

14.1.0 (SAS Institute Inc., Cary NC). Data normality was evaluated using Normal Quantile Plots, 

ensuring data points remained within the Lillifors Confidence Bounds (SAS Institute Inc., 2013). 

As well, testing for equal variances used Levene’s test (SAS Institute Inc., 2013). 

Macroinvertebrate data were determined to be of equal variances and normally distributed using 

the above tests. Water quality data (pH, conductivity and turbidity) were not normally distributed 

and evaluated non-parametrically using the Kruskal-Wallis test (SAS Institute Inc., 2013).  
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Results 

Stream Reach Habitat Characteristics 

Each of the study reaches had a variety of habitat features, providing a mix of habitat 

within, and among each site. Field measurements and raw data are presented in Appendix 3. 

Periphyton coverage, being the primary producers available as a food source for aquatic 

organisms that are attached to submerged surfaces in the stream environment (Environment 

Canada, 2012), differed at Discovery Ridge. Periphyton coverage ratings differed significantly 

between study dates, locations, and treatment types. May exhibited the lowest coverage (mean 

ranking 2.06) compared to August (2.75) and September (2.58) (DF = 2, F = 23.350, p < 0.001). 

Stanley Park had the greatest ranking (3.18), followed by Sandy Beach (2.37), and Discovery 

Ridge (1.83) (DF = 2, F = 73.480, p < 0.001). The restored sites exhibited greater coverage 

(2.92) compared to reference sites (2.01) (DF = 1, F = 100.480, p < 0.001).  

Macrophyte and canopy coverage varied inconsistently amongst sites and treatments but, 

overall, an increase in coverage was visually-observed later in the growing season (September). 

Streamside vegetation on the restored reach at Stanley Park consisted of shrubs only. The shrubs 

noted at the Stanley Park restored reach were only those planted from the restoration works 

(Figure 4). All other study locations (restored and reference reaches alike) exhibited more diverse 

vegetation assemblages of grasses, shrubs, and deciduous and coniferous trees.  

Based on visual estimation, the restored reaches at Discovery Ridge and Stanley Park 

were also noticeably dominated by discrete silt/clay (<0.1 cm) and boulder substrate (>25.6 cm) 

size classes compared to their respective reference reach, which had a more even distribution of 

substrate size classes, from silt/clay to small cobbles (<0.1 cm to 12.8 cm). The opposite was true 
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for Sandy Beach, where the reference reach at Sandy Beach was more evenly distributed than the 

restored reach.  

Discovery Ridge reach, located upstream of the Glenmore Reservoir, consistently 

experienced greater discharge rates during the study dates (May, rising flow, 12.8 m3/s; August, 

decreasing flow, 6.6 m3/s; September, low flow 6.6 m3/s), compared to Sandy Beach and Stanley 

Park, situated downstream (May 8.5 m3/s; August 1.6 m3/s; September 1.8m3/s).  

Each of the study locations showed all types of stream flow habitats including riffles, 

straight runs, and pools. Over each of the sampling dates, none of these stream flow habitat types 

were exclusively unavailable to any of the study reaches.  

Of the measured channel widths, significant differences in mean wetted widths only 

existed between reference (47 m) and restored (26 m) treatment sites at Discovery Ridge (DF = 

2, F = 4.522, p = 0.002), indicating a constriction of wetted width at the treatment areas. 

However, significant differences in mean bankfull widths existed only between reference (57 m) 

and restored (40 m) study sites at Sandy Beach (DF = 2, F = 1.487, p = 0.024), indicating 

channel constriction at the Sandy Beach treated reach. (Figure 7).   
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Figure 7. Mean wetted and bankfull channel widths of the Elbow River at each sample reach 

(n=4), collected during August (decreasing flow) sampling date. Standard error bars followed by 

the same letter are not statistically different from each other (p > 0.05).   

Water Quality 

The water quality data collected from each of the study reaches revealed significant 

differences in recorded pH, temperature, conductivity, and turbidity levels. Kruskal-Wallis tests 

revealed pH readings were significantly different on the varied sampling dates, with samples 

collected in September recorded at a significantly lower average pH (8.4) than May (8.7) and 

August (8.6) (Chi square = 26.1241, DF = 2, p < 0.001). However, no statistically significant 

differences in pH readings were observed between study locations and treatment types (Figure 

8).  
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Figure 8. Mean pH Values (n=12) collected from the Elbow River at each sample reach during 

each sampling date. Standard error bars followed by the same letter are not statistically different 

from each other (p > 0.05).  

May temperature means were significantly different amongst the study locations and 

treatment types, with Stanley Park reach exhibiting higher mean temperatures (8.9°C) compared 

to the other locations (Discovery Ridge 7.0°C; Sandy Beach 6.9°C) (DF = 2, F = 80.840, p < 

0.001) (Figure 9). As well, all of the restored study reaches experienced lower temperatures 

(mean 7.2°C) compared to their reference counterparts (mean 8.1°C) (DF = 1, F = 36.970, p < 

0.001) (Figure 9).   
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Figure 9. Mean temperature values (n=4) collected from the Elbow River at each sample reach in 

May. Standard error bars with the same letter are not statistically different from each other (p > 

0.05).  

Conductivity readings varied significantly across the different sampling dates (Figure 

10), with August revealing the highest conductivity readings (mean 456 µS/cm) (Chi square = 

51.0290, DF = 2, p < 0.001). There were no significant differences among study locations and 

treatment types (Figure 10).   
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Figure 10. Mean conductivity values (n=12) collected from the Elbow River at each sample 

reach during each sampling date. Standard error bars with the same letter are not statistically 

different from each other (p > 0.05).  

Turbidity was significantly different between each of the sampling dates. Significantly 

higher turbidity readings were observed in May (mean 16.4 NTU) compared to August (3.9 

NTU) and September (1.18 NTU) (Chi square = 52.414, DF = 2, p < 0.001) (Figure 11). Study 

location and treatment had no significant effect on turbidity readings (p <0.05).  
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Figure 11. Mean turbidity values (n=12) collected from the Elbow River at each sample reach 

during each sampling date. Standard error bars with the same letter are not statistically different 

from each other (p > 0.05).  

Stream Reach Habitat Assessment Scores 

Figure 12 presents the average EPA habitat assessment scores for each of the study 

reaches. There were statistically significant differences in scores between dates, sites, and 

treatment as well as a significant difference in scores with the interaction between date and site 

(DF = 2, F = 6.957, p = 0.003), and site and treatment (DF = 2, F = 24.027, p < 0.001).   
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Figure 12. Mean habitat assessment scores (n=8) for each study site in the Elbow River in May 

and August using the US Environmental Protection Agency's habitat assessment field form for 

high gradient streams (Barbour et al., 1999). Standard error bars with the same letter are not 

statistically different from each other (p > 0.05).  

August (low flow) sampling dates exhibited lower habitat scores (mean 119.96) than May 

(increasing flow) (125.63) across all sites (DF = 1, F = 9.236, p = 0.004).  

Among the study reaches, Stanley Park reach exhibited the lowest average habitat 

assessment score (103.3) and Discovery Ridge, the highest (138.3).  These differences were 

statistically significant (DF = 2, F = 121.667, p < 0.001) (see Figure 12). Among restored and 

reference study reaches, reference reaches were significantly lower in mean habitat scores 

(114.0) compared to restored reaches (131.5) (DF = 1, F = 88.083, p < 0.001). At each of the 
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study locations, the scores increased significantly at the restored treatments (DF = 2, F = 24.027, 

p < 0.001), except for Stanley Park (p > 0.05).  

 

Aquatic Macroinvertebrate Indicators 

A total of 3856 aquatic macroinvertebrate specimens were identified throughout the 

entire sampling effort, comprising of 35 different taxa. Table 3 presents the taxa collected during 

sampling, as well as the associated pollutant stress tolerance assigned to each (after Voshell, 

2002). Among the 35 macroinvertebrate taxa identified in total, 14 (40%) belonged to 

Ephemoptera, Trichoptera, or Plecoptera orders (EPT) (Table 3). Specimens belonging to the 

family Chronomidae comprised the greatest number of aquatic macroinvertebrates collected, 

with 31% of the captured specimens identified from this family. Baetidae, Ephemerellidae, and 

Leptophlebiiae mayfly families, Elmidae beetles, and Hydropsychid caddisflies were also found 

in high numbers at each of the six study reaches (Table 3). Chronomidae, belonging to the true 

fly family, were most abundant in the restored study reaches compared to reference reaches. The 

same could not be said for the other taxa, which were highly variable in abundance dominance 

between restored and reference reaches. Further investigation of macroinvertebrate response is 

discussed in context with pollutant stress tolerance and EPT metrics below.  
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Table 3 

Aquatic Macroinvertebrate Taxa Captured and Associated Stress Tolerance Level (after Voshell, 

2002).    

Taxa (order, family) Stress Tolerance 

Araneae, Pisauridae Unknown 

Coleoptera, Dryopidae Facultative 

Coleoptera, Dytiscidae Facultative 

Coleoptera, Elmidae Facultative 

Diptera, Athericidae Somewhat Sensitive 

Diptera, Chronomidae Facultative 

Diptera, Empididae Facultative 

Diptera, Simuliidae Facultative 

Diptera, Tipulidae Facultative 

Ephemeroptera, Ameletidae Very Sensitive 

Ephemeroptera, Baetidae Facultative 

Ephemeroptera, Ephemerellidae Somewhat Sensitive 

Ephemeroptera, Ephemeridae Facultative 

Ephemeroptera, Heptageniidae Somewhat Sensitive 

Ephemeroptera, Leptophlebiidae Somewhat Sensitive 

Ephemeroptera, Siphlonuridae Facultative 

Ephemeroptera, Tricorythidae Facultative 

Gastropoda, Planorbidae Facultative 

Gnathobdellida, Hirudinidae Unknown 

Hemiptera, Corixidae Very Tolerant 

Hydrachnidia  Unknown 

Malacostraca, Orconectes Facultative 

Megaloptera, Sialidae Facultative 

Odonata, Gomphidae Somewhat Sensitive 

Oligochaeta, Haplotaxidae Very Tolerant 

Oligochaeta, Lumbriculidae Very Tolerant 

Oligochaeta, Naididae Very Tolerant 

Oligochaeta, Tubificidae Very Tolerant 

Plecoptera, Capniidae Very Sensitive 

Plecoptera, Chloroperlidae Very Sensitive 

Plecoptera, Perlidae Very Sensitive 

Rhynchobdellida, Glossiphoniidae Unknown 

Trichoptera, Brachycentridae Very Sensitive 

Trichoptera, Hydropsychidae Facultative 

Trichoptera, Psychomyiidae Unknown 
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Metrics used to evaluate aquatic health from macroinvertebrate sample data are shown in 

Appendix 2, Table 1 and 2. Neither taxa richness, percent dominant taxa, EPT richness, percent 

very tolerant, percent somewhat tolerant, percent facultative, percent somewhat sensitive, nor 

percent very sensitive metrics differed significantly between treatments (restored vs. reference) 

(p > 0.05). However, these metrics did show differences between seasons and sites. Taxa richness 

was significantly higher at Stanley Park in August (8.000), compared to May and September 

(4.583 and 2.792, respectively) (DF = 4, F = 3.599, p = 0.012). In contrast, the percent dominant 

taxa metric showed Stanley Park to have significantly lower dominance percentages in August 

(38%) compared to May and September (68% and 67%, respectively) (DF = 4, F = 3.564, p = 

0.013). For EPT richness, significance was only noted in May, where Discovery Ridge presented 

greater EPT richness (4.875) than Sandy Beach and Stanley Park (2.50 and 2.04, respectively) 

(DF =4, F = 4.019, p = 0.007). For the stress tolerance metrics, only percent somewhat sensitive 

taxa showed significance between the different sampling dates. September revealed the greatest 

percentage of somewhat sensitive taxa among all three study sites (37%) compared to May and 

August (16% and 11%, respectively) (DF = 2, F = 9.441, p < 0.001). Percent very sensitive taxa 

was significantly greater at Discovery Ridge (12%) compared to Sandy Beach and Stanley Park 

(<1% and 2%, respectively) (DF = 2, Chi square = 20.705, p < 0.001).  

The mean stress tolerance composition (percent very tolerant, percent somewhat tolerant, 

percent facultative, percent somewhat sensitive, and percent very sensitive metrics) for each of 

the treatment sites (n=12) among the three study sites are presented in Figure 13.  
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Figure 13. Mean categorical pollution stress tolerance composition of aquatic macroinvertebrate 

samples collected at each study reach over all three sampling dates. Data presented as means 

from the replicated study locations and sampling dates (n=4).  

Significant interactions in mean percent EPT values were found between the various 

sampling dates (flow regimes) and sites (position in relation to Glenmore Reservoir) (Table 4; 

Appendix 2, Table 1 and 2). In May, a significantly higher percent of EPT was found at 

Discovery Ridge (77%) compared to Sandy Beach (21%) and Stanley Park (28%) (p < 0.001). In 

August, significantly lower percent EPT was found at Discovery Ridge (9%), compared to Sandy 

Beach (46%) and Stanley Park (51%) (p = 0.005; p = 0.001, respectively). No significant 

differences were found in percent EPT at any of the study reaches in September (p > 0.05) 

(Figure 14).  
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Table 4 

Percent EPT Analysis of Variance Findings Associated with Various Factors (Sampling Date, 

Site, and Treatment). Significant Differences in P-Values are Presented in Bold Text.     

Source DF F Ratio Prob > F 

Date 2 2.086685272 0.13544567 

Site 2 0.835640424 0.439935937 

Date*Site 4 9.041491969 1.68091E-05 

Treatment 1 0.492557889 0.486249545 

Date*Treatment 2 1.158710101 0.322694396 

Site*Treatment 2 4.349665182 0.018485248 

Date*Site*Treatment 4 2.203312338 0.082997856 

 

 

 

 

 

 

 

Figure 14. Least squares means plot of percent EPT for the three study sites at each of the 

sampling dates (DR - Discovery Ridge; SB - Sandy Beach; SP - Stanley Park). 

A significant interaction was also found between treatment type (restored versus 

reference sites) and reach (and the different biotechnical practice at each reach) for percent EPT 

(see Table 4). Discovery Ridge experienced marginally significant mean percent EPT increase at 
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the restored reach (58%) over the reference reach (38%) (p = 0.086), whereas Sandy Beach, 

conversely, experienced lower percent EPT at the restored site (25%) compared with its 

reference site (51%) based on least squares analysis (p = 0.018) (see Figure 15); Stanley Park did 

not exhibit a significant difference in reference and treatment reaches (p > 0.05) (see Figure 15).  

 

 

 

 

 

 

 

 Discussion  

Overall, the null hypothesis stating that there are no significant measurable differences in 

aquatic health from restored to unrestored sites was rejected by this study. The findings suggest 

that biotechnical restoration can have small, positive effects on macroinvertebrate communities, 

water quality, and stream habitat.  

Figure 15. Least squares means plot of percent EPT for reference versus restored treatments at 

each of the sample sites (DR – Discovery Ridge; SB – Sandy Beach; SP – Stanley Park).  
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Aquatic Macroinvertebrate Response 

Although not all study locations responded positively to biotechnical restoration, some 

metrics used to evaluate aquatic health and macroinvertebrate communities indicated a positive 

response to restoration. One macroinvertebrate metric, percent EPT, is generally expected to 

decrease in response to increasing perturbation or disturbances (Barbour et al., 1999; Voshell, 

2002). This study showed macroinvertebrate assemblages at Discovery Ridge exhibited a 

marginally positive percent EPT response to restoration, while the other two study locations, 

conversely, (Sandy Beach and Stanley Park) had a negative response.  

This outcome could be attributed to several causes. The biotechnical restoration 

established at Discovery Ridge created more available habitat (revealed by higher habitat 

assessment scores) than the other two study reaches. Discovery Ridge had a timber crib wall, 

with anthropogenic placement of boulder clusters and large woody debris directly within the 

river channel (see Figure 2). Sudduth and Meyer (2006) found a positive response in 

macroinvertebrate communities to the increase in organic habitat (such as wood) available. A 

similar response may have been created from large woody debris placement within the stream 

environment at Discovery Ridge. Sandy Beach and Stanley Park reaches, by contrast, lacked the 

placement of woody debris within the restored study section.  

Another reason for the positive response in percent EPT at Discovery Ridge and non-

significant response at Sandy Beach and Stanley Park could be the geographic location of the 

sites in context with land use and development within the Elbow River. Discovery Ridge is 

located upstream of the Glenmore dam and reservoir, whereas the other two sites are located 

downstream (see Figure 1). Studies in European river systems have demonstrated a reduction in 

macroinvertebrate density and taxa shifts resulting from river regulation (Gillespie, Brown & 
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Kay, 2015; Theodoropoulos, Aspridis &Iliopulous-Georgudaki, 2015). River regulation, which 

results in combined land use changes, flow alterations, and in-stream substrate changes has been 

found to influence benthic communities and the recovery of stream biota, largely due to changes 

in preferential biotic habitat (Theodoropoulos, Aspridis &Iliopulous-Georgudaki, 2015). To 

support this, Discovery Ridge, averaged across reference and restored sites, showed a 

significantly higher percentage of very sensitive stress tolerance taxa, and significantly lower 

percentage of dominant taxa compared to Sandy Beach and Stanley Park. River regulation and 

damming are, therefore, an important consideration for the findings from this study.  

Of the other macroinvertebrate metrics analyzed, beyond percent EPT, no statistically- 

significant difference existed between reference and restored samples for any of the reaches. This 

suggests that, while the biotechnical restoration at the study sites likely provide structural and 

bank stability support (Cavaille et al., 2018; Evette et al., 2009; Li & Eddleman, 2002), the 

improved aquatic health represented by macroinvertebrate community assemblages lacked a 

consistently significant response to restoration. One potential reason for this finding is that all of 

the study reaches were treated with rock rip rap at the bank toe (also described as the water level 

interface of the restored streambank) which has implications for macroinvertebrate habitat 

(Cavaille et al., 2018; Sudduth & Meyer, 2006). Sandy Beach and Stanley Park exhibited the 

greatest coverage of rock rip rap along the restored banks. While organic, living materials existed 

along the restored streambank, the organic materials were present well above the high water 

mark of the river channel, and so it is expected that direct contact of aquatic macroinvertebrates 

with living biotechnical materials would only occur during extreme high-water (flood) type 

scenarios, or from the release of organic material, such as detritus, into the river itself (such as 

leaf and branch shedding). By contrast, Discovery Ridge did in fact have large woody debris 
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materials placed within the river channel in addition to rock rip rap, which could explain the 

higher percentage of EPT in the restored reach. Sudduth and Meyer (2006) found in their 

research that organic habitat (roots and wood), was more likely to support pollution-sensitive 

taxa, including Ephemopetera and Trichoptera, which form the EPT indices in macroinvertebrate 

monitoring. They found a positive relationship in organic bank habitat and macroinvertebrate 

community response (Sudduth and Meyer, 2006). The researchers suggest this taxa response 

could be due to the fact that organic habitats offer greater surface area per distance of streambank 

than inorganic habitats, thereby allowing more macroinvertebrates to inhabit the same length of 

streambank (Sudduth & Meyer, 2006). Organic habitats are also the only habitat types that can 

offer habitat during flash floods in urban streams, and organic materials are more likely to 

provide a food source for shredder macroinvertebrates (Sudduth & Meyer, 2006; Yamamuro & 

Lamberti, 2007).  

The second possible explanation for the minimal difference in macroinvertebrate 

assemblages between restored and reference reaches is that the streambank restoration still 

remains in a relatively early stage of establishment and, as more time allows for vegetation 

establishment and dispersal, more habitat may become available for diverse assemblages of 

macroinvertebrates, and increased opportunity for sensitive taxa establishment (Sudduth & 

Meyer, 2006). While the selected study sites were chosen for their relatively mature stages in the 

context of biotechnical restoration in the City of Calgary (ranging from two to four years since 

restoration), by no means could these sites be considered fully restored or at a climax community 

structure. Visual evidence showed that the amount of vegetation established at these reaches 

remained relatively low compared to neighboring vegetation at healthy and undisturbed reaches.  
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While there was no statistical difference between reference and restored samples for the 

other macroinvertebrate metrics analyzed, beyond percent EPT, interactions between study sites 

and dates did show statistical significance. For example, at Stanley Park in August, taxa richness 

was higher than in May and September sampling. Conversely, percent dominant taxa were lower 

in August than in May and September at Stanley Park. This suggests macroinvertebrate data was 

more diverse and more even during August sampling. These significant differences also show 

that August sampling may be the best seasonal timing to note trends in macroinvertebrate data on 

the Elbow River.  

Water Chemistry Response 

Of the abiotic water quality parameters measured, there were no levels measured that 

would indicate limitation to aquatic life. Water temperature, conductivity, pH, and turbidity 

readings were all within reasonable levels for regional macroinvertebrate survival (CCME, 

1987a; CCME, 1987b; CCME, 1999). Therefore, water quality at the time of sampling was not 

assumed to be a limiting factor to macroinvertebrate presence in restored and reference reaches.  

As expected, most of the water quality parameters did not vary significantly among 

sample sites and between restored and reference reaches, as each reach comprised a contiguous 

body of water allowing for significant mixing and homogeneity of pH, conductivity, and 

turbidity readings. Only readings between sample dates revealed significant differences, with 

September water samples revealing the lowest readings for pH, conductivity, and turbidity; a 

finding that has also coincided with reduced water levels (flow). An important observation, 

however, was the significant difference in temperature readings across the different study reaches 

and treatments. The restored study locations showed consistently lower temperatures than their 

associated reference reaches at Discovery Ridge, Sandy Beach and Stanley Park. This could be 
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explained by the enhanced shading and blocking of direct sunlight to the water by riparian 

vegetation often observed from biotechnical restoration (Bentrup & Hoag, 1998). Water 

temperatures at Stanley Park, however, were significantly higher than the other reaches. Poor 

vegetation establishment at Stanley Park could be considered a primary cause of this in terms of 

physical habitat (discussed below). Reduced stream temperatures are considered preferred 

condition for fish and fish habitat, as highlighted by Fitch and Adams (1998) and Smokorowski 

and Pratt (2007).  

Physical Habitat Response 

Discovery Ridge achieved a significantly higher EPA habitat assessment score at the 

restored reach (Figure 12). This finding, paired with the percent EPT increase at Discovery 

Ridge’s restored section, suggests that this reach exemplifies successful biotechnical restoration 

for supporting macroinvertebrate communities through the use of a timber crib wall, 

supplemented by in-channel large woody debris and boulder placement (after Herringshaw, 

Stewart, Thompson, & Anderson, 2011).  

Sandy Beach exhibited significantly improved EPA habitat assessment scores at the 

restored reach compared with the reference reach (Figure 12) but achieved significantly lower 

percent EPT, thereby showing a departure in the metrics used to represent aquatic health (i.e., 

EPA habitat assessment score and percent EPT). Ernst, Warren and Baldigo (2012) found in a 

meta-analysis that, in some instances, habitat conditions improved after restoration but 

ecological species conditions did not. These researchers attributed this to a number of factors 

including: insufficient habitat enhancements to improve function of communities; that ecological 

recovery is a longer duration than habitat improvements; and restoration works created a 

disturbance to which communities have not recovered (Ernst et al., 2012).  
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There may also be other limitations to the macroinvertebrate community in this urban 

river beyond the available channel and bank habitat (represented by the habitat assessment 

score). Urbanization can create highly impervious catchments, resulting in flash flood storm 

runoff events (Selvakumar et al., 2010; Sudduth & Meyer, 2006). Sandy Beach and Stanley Park 

are located centrally within the city of Calgary, whereas Discovery Ridge is located within the 

southwestern limits of the city, in the upstream reach of the Elbow River within city boundaries 

(see Figure 1). The urban location of Sandy Beach could result in increased stormflow intensities 

which can impact macroinvertebrates by limiting the ability for stream restoration to create 

improved bank habitat (e.g., through macrophyte or woody debris establishment) (Sudduth & 

Meyer, 2006).  

Stanley Park likely represents the poorest restored aquatic habitat based on a statistically 

insignificant change in EPA habitat assessment score and percent EPT at the restored reach 

compared to its reference reach (Figure 12; Figure 15Figure ). Stanley Park reach received the 

poorest aquatic health evaluation from this study due to the fact that it had the least amount of 

willow planting growth and vigor based on visual observations of the reach (see Figure 4) and 

EPA habitat assessment evaluation results. Potential heat stress and desiccation could explain 

this, as the planted willows were well above the water level during each of the sampling dates, 

and positioned on a south facing bank slope without shade support from larger established 

vegetation. Bentrup and Hoag (1998) note the importance of proper site selection and potential 

for desiccation with an exposed and unshaded site.  

Management Implications 

The EPA habitat assessment scores revealed a significant increase in average habitat 

scores at each of the restored study reaches compared to reference reaches; from these results, it 
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can be concluded that improved habitat is likely available for macroinvertebrates at the restored 

reaches (Barbour et al., 1999). While the macroinvertebrate sampling provided some limited 

evidence for improved pollutant-sensitive macroinvertebrates from restoration, it is possible that 

macroinvertebrate communities have not yet fully colonized the restored streambanks, as also 

noted in urban stream studies by Sudduth & Meyer (2006). Continued monitoring as the restored 

streambanks develop and naturalize could provide further insight on macroinvertebrate 

establishment. 

The location of the study reaches in relation to the Glenmore dam did not appear to have 

an effect on the EPA habitat assessment scores. The significant difference in EPA scores varied 

without any correlation with the upstream or downstream location of reaches from the dam. The 

later sampling date (August) revealed a significantly lower EPA score compared to earlier in the 

season - an interesting outcome - which could be explained by the reduced water levels in 

August, and subsequent loss of available aquatic habitat by decreasing the area of the biotic 

component of the restoration exposed to the water (Theodoropoulos, Aspridis &Iliopulous-

Georgudaki, 2015).   

In the context of restoring macroinvertebrate communities, one key observation was the 

general presence of rock rip rap materials at the base of the restored streambanks. While these 

reaches were identified as bioengineering practices by the City of Calgary, some technical 

experts may suggest that, in fact, engineered materials (rip rap) have overly influenced the 

streambank restoration at all of the restored study reaches (A. Evette, personal communication, 

June 30, 2018). Cavaille et al. (2018) concluded that embankment techniques that use rip rap 

bases are slightly less efficient in terms of taxonomic richness than cribwalls. Cavaille et al.’s 

(2018) finding is also supported in this study, where the two reaches dominated by rip rap (Sandy 
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Beach and Stanley Park) exhibited reduced percent EPT in comparison with reference reaches. 

Discovery Ridge, by contrast, which was largely a timber crib wall with a rip rap toe and woody 

debris placement, exhibited the greatest improvements in percent EPT and EPA habitat 

assessment scores. Sudduth and Meyer (2006) noted similar findings in one method of 

bioengineering, joint planting, which involves inserting live cuttings and plantings into rip rap 

(similar to the live staking used at Sandy Beach and Stanley Park), to have limited benefit to 

macroinvertebrates. These researchers stated that, with this method, most of the bank habitat 

available to macroinvertebrates is still rock, as opposed to wood or roots, resulting in low 

macroinvertebrate biomass and richness (Sudduth & Meyer, 2006).   

While this study did not evaluate fascine type biotechnical restoration, other studies have 

found fascine riverbanks showed the greatest habitat quality compared to rip rap and cribwall 

banks (Cavaille et al., 2018). Fascine restoration uses live vegetation cuttings bundled and placed 

in horizontal trenches along the river bank (Li & Eddleman, 2002). Cavaille et al. (2018) state 

fascines show the greatest macroinvertebrate habitat quality because of the amount of living 

wooden stalks which produce fine roots directly at the stream water interface. According to Li 

and Eddleman (2002), fascine structures have a moderate level of strength for erosion protection, 

and are best used on gentle slopes (<33%). If fascines are a suitable structural stabilization 

method, then potential macroinvertebrate habitat is expected to benefit the most compared to 

other conventional stream bank stabilization techniques.  

With these findings and a biotechnical restoration design context in mind, an important 

question to ask in restoration planning is: what is the intended restoration goal? If it is to see 

improved aquatic health by restoring macroinvertebrate habitat, how do researchers evaluate 

aquatic health in the wake of a changing climate? Floury, Usseglio-Polatera, Ferreol, DeLattre 
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and Souchon’s (2013) study in large European rivers showed the number and abundance of 

native, pollution sensitive, and rheophilic macroinvertebrate taxa have decreased as a 

consequence of warming waters and discharge reduction. These taxonomic changes were 

partially offset by improvements in water quality, but undeniably warming water temperatures 

and discharge reduction associated with climate change has been driving the taxa change towards 

pollutant tolerant species (Floury et al., 2013). Therefore, the questions arise: do researchers 

need to place less emphasis on particular macroinvertebrate assemblages as health indicators in 

the future, or do the types of biological evaluation methods need to change? Another challenge is 

how we restore with methods that are resilient to, or mitigate climate change; for example, 

recognizing that current stream flows may not represent future flows and there may be a need for 

the creation of thermal refugia (Lepori, Palm, Brannas & Malqvist, 2005).  

Another question for environmental managers: is the goal of streambank restoration to 

create resiliency against invasive species or disease within the aquatic system? If so, enriching 

macroinvertebrate habitat may become part of a solution. The Elbow River, for example, which 

is part of the Bow River and South Saskatchewan River watershed, recently had whirling disease 

detected within the system. On February 10, 2017, the Canadian Food Inspection Agency 

declared the Bow River watershed infected with the disease (AEP, 2018b). This disease threatens 

the health of many fish populations within the system and Alberta’s sport fishery. The disease is 

caused by a parasite called Myxobolus cerebralis and is spread through contact with salmonid 

fish and the freshwater worm (Tubifex tubifex) (Zendt & Bergersen, 2011). Tubifex, a member of 

the class oligochaete, has been found to be more abundant in degraded habitats where siltation, 

nutrient enrichment, and low dissolved oxygen levels are prevalent (Zendt & Bergersen, 2011). 
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In fact, high abundance of T. tubifex has been used as an indicator of organic pollution in streams 

and lakes (Milbrink, 1980; Chapman & Brinkhurst, 1984).  

If macroinvertebrate habitat is degraded, and particularly intolerant species are replaced 

with more stress tolerant species like T. tubifex, then this could potentially facilitate the rise of 

whirling disease, creating possible significant impact to Alberta’s fish populations. Specimens 

from the family Tubificidae were collected in this research study, and are therefore present 

within the Elbow River assessment area. However, without further taxonomic resolution to the 

species level of captured specimens, it is not certain whether T. tubifex is specifically present 

within the assessment areas. Nevertheless, Zendt and Bergersen’s (2011) study found T. tubifex 

densities were significantly higher in stream locations just downstream of areas with the heaviest 

riparian use. These researchers suggest that proper management of riparian habitats to minimize 

organic loading and limiting siltation could mitigate the effects of whirling disease (Zendt & 

Bergersen, 2011).  

Conclusion and Recommendations 

The study results revealed that streambank restoration using biotechnical techniques can 

have a slight effect on aquatic benthic macroinvertebrate communities compared to unrestored 

streambanks within the Elbow River in the City of Calgary. The bank stabilization techniques 

assessed in this study resulted in a shift in macroinvertebrate communities by increasing the 

composition of EPT taxa at a restored compared with reference (unrestored) site along the 

Discovery Ridge reach, located upstream of the Glenmore dam and reservoir. This study reach 

used a timber crib wall, rock clusters, and instream woody debris to restore the streambank.  

However, other study locations did not show a significant shift in macroinvertebrate 

response over reference reaches, which highlights the possibility that increased organic materials 



AQUATIC EFFECTS OF BIOTECHNICAL RESTORATION 49 

within the wetted river channel (e.g., timber crib walls and instream woody debris) are required 

to create habitat for macroinvertebrate taxa with lower stress tolerance. In consideration of future 

streambank restoration, it is recommended the coverage extent of rock rip rap materials is 

reduced and that living, organic materials are expanded and integrated in the restoration design to 

achieve improved macroinvertebrate taxonomic richness. Improving taxonomic richness is 

important in achieving overall aquatic stream health, as macroinvertebrates reflect the 

independent and interactive effects of physical, chemical, and biological stream features that are 

often difficult to measure and detect (Herringshaw et al., 2011).  

Beyond macroinvertebrate indicators, temperature readings showed a significant 

reduction in stream temperatures, a favoured habitat condition (Fitch & Adams, 1998; 

Smokorowski & Pratt, 2007), at the restored locations compared to reference. This is potentially 

due to the improved shading and blocking of direct sunlight to the water by riparian vegetation 

established from biotechnical restoration (Bentrup & Hoag, 1998). As well, EPA habitat 

assessment scores were significantly higher at the restored study reaches.  

Other research has found a significant macroinvertebrate success rate in biotechnical 

structures that utilized fascine designs (Cavaille et al., 2018). It is possible fascines, or other 

similar soil bioengineering treatments can provide a bank stabilization and restoration purpose 

within the Elbow River as well. It is recommended that restoration planners consider organic 

alternatives in bank stabilization works whenever possible. 

Policy Recommendations 

Findings from this study indicate an opportunity for policy development for stream 

restoration. Depending on regulatory goals for streambank restoration and aquatic health 

objectives, it is recommended that governing bodies set forth design guidelines to ensure 
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effective, current, and site-appropriate methods are employed to mitigate adverse aquatic effects 

and serve to improve aquatic ecosystem health, as well as maintaining bank stability 

functionality. As mentioned previously, design guidelines should encourage the use of as much 

organic, living materials in the biotechnical structures as possible. Biotechnical restoration; 

which creates macroinvertebrate habitat from roots, branches, and wood debris; that interacts 

with the wetted channel (not just located above the high water level) is recommended. This also 

serves as effective fish habitat and refugia for many fish species (Pander & Geist, 2010).  

In creating biotechnical restoration design guidelines, a clear definition must be made of 

what type of stream restoration projects apply to the design. Different types of bank failures and 

flow regimes require different levels and types of armouring and design (Li and Eddleman, 

2002).   

As part of design continuity and improvements, documentation and maintenance of 

design plans and as-built drawings should be retained and inventoried. This record keeping 

practice allows for future design replication and improvements, and could facilitate regional-

level, wide-scale monitoring for aquatic health response in Alberta. To date, much of the 

completed biotechnical restoration design and construction details are held by the project owners 

(G. Roman, personal communication, May 4, 2018). However, with the compilation of such data 

in a consolidated source, this could (1) enable some conclusions to be drawn of the effects of 

biotechnical restoration when paired with aquatic and/or riparian health studies; and (2) create an 

informative source for land-use planners, designers, municipalities, watershed alliances and 

volunteer-based groups (such as Trout Unlimited), and private landowner information on 

biotechnical restoration design, efficacy and suitability. Stream banks being considered for 

restoration should also be assessed, inventoried and characterized before works begin, to provide 
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a baseline against which to compare restoration improvements (W. Dushenko, personal 

communication, March 5, 2019).  

Stream restoration becomes most beneficial to aquatic systems at a regional scale and is 

crucial in creating real and lasting effects to the interconnected nature of aquatic systems. 

Cavaille et al. (2018), in their study of riverbank stabilization on microbenthic communities 

stated “a large body of evidence has been gathered indicating that small-scale river restoration 

projects of local hydromorphological conditions often do not lead to the re-establishment of 

natural communities”. The authors go on to stress the need for analysis at a larger river scale to 

highlight potential cumulative effects. By creating a regional-wide inventory of biotechnical 

restoration design and implementation, an initial step is made in monitoring for watershed level 

aquatic health responses to streambank restoration (Cavaille et al., 2018; Violin et al., 2011).  

Upon establishing restoration design guidelines and a regional inventory of biotechnical 

applications, this should be communicated to people involved in design and planning. Oftentimes 

communication of valuable tools and guidelines is lost, and these effective resources are 

underutilized (Pinto, Sanches Fernandes & Maia, 2016). To mitigate this, opportunities such as 

incorporating the information into training course materials, or offering webinars or training 

sessions through professional organizations (such as the Association of Professional Engineers 

and Geoscientists of Alberta, for example) are suggested.  

Future Monitoring and Research 

It is recognized that this research study does have limitations in scope and scale. It is 

acknowledged that each of the study sites were subject to slightly different hydrological regimes, 

particularly on the scale of the study reaches. For example, the treated study sites were situated 

on meandering bends, due to the inherent properties of erosive flows within meandering river 
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features. Therefore, the treatment study reaches were inherently subject to potentially faster 

moving water, reduced bankfull and wetted channel widths, and more erosive flows than the 

reference study reaches. This could place more stress on invertebrate populations within the 

treatment reaches, thereby deterring colonization in faster moving, more erosive areas of the 

watercourse channel (Kominkova, Caletkova & Vitvar, 2017). How removing this confounding 

influence on invertebrate colonization in biotechnical restored study areas can be achieved is 

recommended for further research.  

Further analyses are also needed to eliminate the confounding influence of river flow 

regulation (e.g., reservoirs) on macroinvertebrate response to streambank restored study sites. 

These analyses should look to understand the biotic response of flow regulation from 

impoundments, exploring the underlying mechanisms driving biotic alterations, and evaluate 

how this compares to restoration practices in a non-dam regulated environment.  This would help 

to evaluate if the mechanisms driving biotic alterations in river regulation are the same 

mechanisms acting in river restoration (i.e. flow or substrate changes).  

It is without doubt that sites which have received biotechnical restoration treatments can 

benefit from continued monitoring and documentation. In the context of this study, long-term 

aquatic ecosystem health effects and macroinvertebrate responses to biotechnical restoration 

should be documented to evaluate long-term trends. Understanding aquatic health effects on a 

long-term basis allows restoration planners to better evaluate the needs for a particular site, river 

system, or watershed (Clews, Vaughan & Ormerod, 2010). Rubin, Kondolf, and Rios-Touma 

(2017) found that monitoring studies that were conducted over longer duration or more rigorous 

evaluations (e.g., multi-habitat sampling for macroinvertebrates) were also more likely to detect 

statistically significant increases in richness or diversity. Thorough ongoing monitoring offers the 
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ability for people to evaluate the status of specific biotechnical designs and draw conclusions on 

whether or not repairs or improvements need to be made, either for structural or ecological 

reasons.  

As biotechnical restoration projects expand and diversify in the province of Alberta, so 

too should research and monitoring of aquatic health responses to varying techniques of 

biotechnical restoration. Some techniques are inherently more complicated and difficult to 

construct than others (timber crib walls versus live willow staking), so restoration planners must 

consider how effective the “easier to implement” techniques are in terms of improving aquatic 

health and biota (Hasse, Hering, Jahnig, Lorenz, & Sundermann, 2013). It is recommended that 

restoration design incorporate greater organic and living material components (more accurately 

termed soil bioengineering) to help improve aquatic health compared to traditional riprap or cast 

concrete stabilization methods. Furthermore, during restoration monitoring stages, comparing 

restored sites to relatively ‘pristine’ or undisturbed river sites could also help to assess the 

potential for anthropogenic restored sites to achieve the aquatic health status of those sites 

considered optimal.  

Biotechnical restoration, while considered a very old restoration technique (with evidence 

in Europe dating back to the first century BC (Evette et al., 2009), has seen a resurgence of new 

materials and techniques such as biodegradable netting, iron mesh, and geotextiles (Evette et al., 

2009). For example, in present day, geotextiles are sometimes used to protect bare, unvegetated 

soils, where previously willow layering fulfilled this role (Evette et al., 2009). Study and 

evaluation of these new materials and aquatic health response should complement their use. In 

addition, biotechnical designers would benefit from knowing whether these new, artificial 

materials provide the same aquatic habitat benefit to macroinvertebrates, fish, and other aquatic 
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species as organic living materials, such as woody debris and root masses. If so, there are some 

definite advantages to artificial material use, such as immediate coverage, erosion protection, and 

habitat improvements, as opposed to living materials which require time and suitable growing 

conditions to establish. However, these artificial materials may face opposition in areas which 

are valued for their naturalistic aesthetic appeal. For example, a stream which has been restored 

by iron mesh, fibre geotextiles, and plastic materials may not be desired in a natural park setting, 

which is often valued for its limited human disturbances, and where visitors go to escape 

evidence of human impact.  

While this and other research can serve to distill the aquatic impacts of one type of 

streambank restoration over another, it is important to recognize where existing efforts have been 

made to choose biotechnical over conventional methods to control streambank erosion and how, 

by learning from those past efforts, improvements can be made in the future. Aquatic life has the 

potential to benefit greatly from biotechnical restoration, and so, with appropriate planning, 

execution and monitoring, the recovery of many degraded aquatic systems may be facilitated.   
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Appendix 1 – EPA Habitat Assessment Field Data Sheet 
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Appendix 2 – Stress Tolerance Metrics Data 

 

Table 1 

Mean Taxonomic Richness and Dominance Metrics Calculated for Aquatic Macroinvertebrate 

Samples (n= 4).    
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Table 2 

Mean Stress Tolerance Metrics Calculated for Aquatic Macroinvertebrate Samples Collected at 

Each Study Site (n= 4).    
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Appendix 3 – Field Measurements Raw Data 

 

Table 1 

Field Measurements of Abiotic and Biotic Characteristics of the Elbow River at each of the 

Sample Sites and Sampling Dates  
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1.6-3.2 cm, Large 

pebble 3.2-6.4 cm 

SP May 6 R4 8.6 Reverse 

Flow 

Silt/clay <0.1 cm, 

Boulder >25.6 cm 

Riffle, 

Straight Run 

1-25% 0 Grasses, Shrubs, 

Deciduous trees 

  

SP May 6 T1 8.6 0.63 Silt/clay <0.1 cm, 
Boulder >25.6 cm 

Straight Run 0 0 Shrubs 3 

SP May 6 T2 8.6 0.57 Silt/clay <0.1 cm, 
Boulder >25.6 cm 

Straight Run 0 0 Shrubs 3 

SP May 6 T3 8.6 0 Silt/clay <0.1 cm, 

Boulder >25.6 cm 

Riffle 0 0 Shrubs 3 

SP May 6 T4 8.6 0 Silt/clay <0.1 cm, 

Boulder >25.6 cm 

Straight Run 0 0 Shrubs 2 

DR Aug 11 R1 6.6 0.37  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Coniferous trees 

1 

DR Aug 11 R2 6.6 0  - Riffle, 

Straight Run 

1-25% 1-25% Grasses, Shrubs, 

Coniferous trees 

1 

DR Aug 11 R3 6.6 0  - Straight Run 1-25% 1-25% Grasses, Shrubs, 
Coniferous trees 

2 

DR Aug 11 R4 6.6 0  - Straight Run 1-25% 1-25% Grasses, Shrubs, 
Coniferous trees 

2 

DR Aug 11 T1 6.6 0.32  - Riffle, 

Straight Run 

0 1-25% Grasses, Shrubs 3 

DR Aug 11 T2 6.6 0  - Riffle, 

Straight Run 

0 1-25% Grasses, Shrubs 3 

DR Aug 11 T3 6.6 0.56  - Riffle 0 1-25% Grasses, Shrubs 2 

DR Aug 11 T4 6.6 0.31  - Riffle 0 0 Grasses, Shrubs, 

Deciduous trees 

2 

SB Aug 11 R1 1.6 0.55  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

2 

SB Aug 11 R2 1.6 1.01  - Riffle 1-25% 1-25% Grasses, Shrubs, 
Deciduous trees 

2 

SB Aug 11 R3 1.6 0.23  - Riffle 1-25% 1-25% Grasses, Shrubs, 
Deciduous trees 

2 

SB Aug 11 R4 1.6 0  - Straight Run 0 1-25% Grasses, Shrubs, 

Coniferous trees 

2 

SB Aug 11 T1 1.6 0.33  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

3 

SB Aug 11 T2 1.6 0.38  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

3 

SB Aug 11 T3 1.6 0.23  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

3 

SB Aug 11 T4 1.6 0  - Straight Run 0 1-25% Grasses, Shrubs 3 

SP Aug 11 R1 1.6 0.36  - Straight Run 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

4 

SP Aug 11 R2 1.6 0.31  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

4 

SP Aug 11 R3 1.6 0.41  - Riffle 1-25% 1-25% Grasses, Shrubs, 
Deciduous trees 

3 

SP Aug 11 R4 1.6 0.56  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

3 

SP Aug 11 T1 1.6 0.20  - Pool 0 1-25% Shrubs 4 

SP Aug 11 T2 1.6 0.34  - Straight Run 0 1-25% Shrubs 4 

SP Aug 11 T3 1.6 0.34  - Straight Run 0 1-25% Shrubs 4 

SP Aug 11 T4 1.6 0.20  - Straight Run 0 1-25% Shrubs 4 
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DR Sep 21  R1 6.6 0.37  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Coniferous trees 

1 

DR Sep 21  R2 6.6 0.31  - Riffle, 

Straight Run 

1-25% 1-25% Grasses, Shrubs, 

Coniferous trees 

1 

DR Sep 21 T3 6.6 0.58  - Riffle 0 1-25% Grasses, Shrubs 2 

DR Sep 21 T4 6.6 0.51  - Riffle 0 0 Grasses, Shrubs, 

Deciduous trees 

2 

SB Sep 21 R1 1.8 0.25  - Riffle 1-25% 1-25% Grasses, Shrubs, 
Deciduous trees 

2 

SB Sep 21 R2 1.8 0.64  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

2 

SB Sep 21 R3 1.8 0.51  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

2 

SB Sep 21 R4 1.8 0  - Straight Run 0 1-25% Grasses, Shrubs, 

Coniferous trees 

2 

SB Sep 21 T1 1.8 0.54  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

3 

SB Sep 21 T2 1.8 0.38  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

3 

SB Sep 21 T3 1.8 0  - Riffle 1-25% 1-25% Grasses, Shrubs, 
Deciduous trees 

3 

SP Sep 21 R1 1.8 0.15  - Straight Run 1-25% 1-25% Grasses, Shrubs, 
Deciduous trees 

4 

SP Sep 21 R2 1.8 0.11  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

4 

SP Sep 21 R3 1.8 0.34  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

3 

SP Sep 21 R4 1.8 0.30  - Riffle 1-25% 1-25% Grasses, Shrubs, 

Deciduous trees 

3 

SP Sep 21 T1 1.8 0  - Pool 0 1-25% Shrubs 4 

SP Sep 21 T2 1.8 0.14  - Straight Run 0 1-25% Shrubs 4 

SP Sep 21 T3 1.8 0.28  - Straight Run 0 1-25% Shrubs 4 

SP Sep 21 T4 1.8 0  - Straight Run 0 1-25% Shrubs 4 

Note:  Sample sites that could not be measured have been omitted from table.  

*R1-R4 refers to Reference sample replicates; T1-T4 refers to Restored sample replicates 
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Table 2 

Wetted and Bankfull Channel Widths of the Elbow River at each of the Sample Sites Collected 

during the August Sampling Date.  

Site Treatment Sample 

Replicate 

Wetted channel width (m) Bankfull width (m) 

D
is

co
v

er
y

 R
id

g
e 

Reference 1 33 39 

Reference 2 40 44 

Reference 3 54 63 

Reference 4 59 63 

Restored 1 22 31 

Restored 2 21 30 

Restored 3 33 38 

Restored 4 26 65 

S
an

d
y

 B
ea

ch
 

Reference 1 42 60 

Reference 2 48 61 

Reference 3 52 63 

Reference 4 29 44 

Restored 1 31 43 

Restored 2 32 37 

Restored 3 32 35 

Restored 4 43 45 

S
ta

n
le

y
 P

ar
k

 

Reference 1 28 39 

Reference 2 35 36 

Reference 3 16 48 

Reference 4 16 39 

Restored 1 26 38 

Restored 2 27 36 

Restored 3 32 43 

Restored 4 25 43 
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Table 3 

Water Quality Parameters of the Elbow River at each of the Sample Sites Collected during 

Various Sampling Dates.  

Sample Date Site Treatment Sample 

Replicate 

pH  Temperature 

(ºC) 

Conductivity 

(µS/cm) 

Turbidity 

(NTU) 

M
ay

 

Discovery Ridge Reference 1 8.7 7.4 379 20.67 

Reference 2 8.6 8.0 377 9.62 

Reference 3 9.4 7.4 381 33.03 

Reference 4 8.9 7.8 379 8.92 

Restored 1 8.7 6.1 396 9.18 

Restored 2 8.6 6.1 381 10.6 

Restored 3 8.9 6.4 386 9.67 

Restored 4 8.5 6.9 398 10.26 

Sandy Beach Reference 1 8.8 7.2 386 16.5 

Reference 2 8.8 7.7 385 16.67 

Reference 3 8.6 7.3 387 17.1 

Reference 4 8.5 7.1 387 17.1 

Restored 1 8.8 6.1 387 16.07 

Restored 2 8.6 6.7 388 17.23 

Restored 3 8.6 6.4 388 22.53 

Restored 4 8.5 6.7 386 15.37 

Stanley Park Reference 1 8.6 8.7 385 15.37 

 Reference 2 8.5 9.2 387 35.77 

 Reference 3 8.8 8.9 387 17.4 

 Reference 4 8.9 10.1 389 16.5 

 Restored 1 8.8 8.5 387 16.33 

 Restored 2 8.5 8.7 388 16.23 

 Restored 3 8.6 8.7 386 14.93 

 Restored 4 8.9 8.7 386 17.33 

A
u

g
u

st
 

Discovery Ridge Reference 1 8.5  - 462 7.24 

 Reference 2 8.0  - 476 3.55 

 Reference 3 8.0  - 513 7.9 

 Reference 4 8.4  - 503 4.13 

 Restored 1 8.7  - 461 1.84 

 Restored 2 8.6  - 462 1.43 

 Restored 3 8.6  - 462 3.1 

 Restored 4 8.5  - 468 2.02 

Sandy Beach Reference 1 8.6  - 429 3.2 

 Reference 2 8.6  - 427 3.78 

 Reference 3 8.7  - 433 0.85 

 Reference 4 8.7  - 435 1.63 

 Restored 1 8.7  - 436 2.33 

 Restored 2 8.7  - 443 8.74 
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Sample Date Site Treatment Sample 

Replicate 

pH  Temperature 

(ºC) 

Conductivity 

(µS/cm) 

Turbidity 

(NTU) 

 Restored 3 8.7  - 432 3.75 

 Restored 4 8.8  - 429 1.77 

Stanley Park Reference 1  -  - -  7.55 

Stanley Park Reference 2 8.7  - 464 8.01 

 Reference 3 8.6  - 458 3.44 

 Reference 4 8.6  - 479 1.77 

 Restored 1 - - - 2.33 

 Restored 2 - - - 8.74 

 Restored 3 8.7  - 453 3.75 

 Restored 4 8.7  - 447 1.77 

S
ep

te
m

b
er

 

Discovery Ridge Reference 1 8.28  - 410 0.33 

 Reference 2 8.25  - 410 0.19 

 Restored 3 8.35  - 410 0.4 

 Restored 4 8.32  - 400 1.16 

Sandy Beach Reference 1 8.51  - 380 0.49 

 Reference 2 8.52  - 390 0.34 

 Reference 3 8.5  - 390 0.42 

 Reference 4 8.5  - 390 1.36 

 Restored 1 8.43  - 390 0.44 

 Restored 2 8.42  - 390 0.47 

 Restored 3 8.52  - 390 5.16 

Stanley Park Reference 1 8.45  - 410 3.97 

 Reference 2 8.46  - 400 0.9 

 Reference 3 8.47  - 400 0.8 

 Reference 4 8.53  - 400 0.73 

 Restored 1 8.39  - 400 0.7 

 Restored 2 8.42  - 390 2.96 

 Restored 3 8.43  - 400 1.5 

Note:  Sample sites that could not be measured have been omitted from table.  

 


