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Abstract 

 

Stream channelization is a common form of anthropogenic disturbance, whose impacts 

on cold water salmonid communities have received little attention in comparison to the 

body of work demonstrating its negative effects on low land, warm water systems. Here, 

I compared the effects of stream channelization on fish and invertebrate communities and 

their habitats in disturbed and undisturbed cold-water mountain streams in southern 

Alberta. I demonstrate that stream channelization has imposed significant alterations to 

stream habitat, most notably a loss of deep habitat, and that these alterations have led to a 

statistically significant decline in abundance and biomass of Rainbow Trout and 

Mountain Whitefish, as well as a significant decline aquatic invertebrate biomass. 

Because of the importance of monitoring fish abundance in deep pools, I used snorkel 

surveys instead of electrofishing.  In shallow, disturbed streams, however, snorkel 

surveys may be less effective and should be used with caution. 

  



iv 

 

Acknowledgments 

I would like to, first and foremost, thank my supervisor Dr. Joseph Rasmussen, whose 

contributions to my research were exceeded only by my own. Throughout the past two 

years, Dr. Rasmussen offered support and knowledgeable insight which would propel me 

to generate solutions for my questions, while at the same time providing me with the 

space I required to develop into an independent researcher. I would also like to thank 

members of my committee, Dr. Stewart Rood and Dr. Rene Barendregt, whose 

experience in scientific disciplines alternative to my own helped me to think outside of 

the “fish ecologist box” whenever the situation called for it.  

I would also like to acknowledge all of my undergraduate professors along my path to 

graduate school; however, there are three in particular for which it would be iniquitous 

not to afford special thanks. Shane Roersma and Dr. Edith Olson were crucial to my early 

development as a student, and instilled in me the notion that we, as students, are not just 

here for a document, but rather an education. Moreover, Shane, you are solely 

responsible for sparking within me the passion to be a conservation biologist, without 

which I may have never had the will or desire to have gone through the rigors of the past 

two years. Finally, I would like to thank Joanne Golden, who made me believe that I was 

ready to take the leap from undergrad to graduate student, and also introduced me to Dr. 

Rasmussen, two very key components to my success for which I will always be grateful. 

I must also give thanks to all of my family, friends, and colleagues, for your support both 

personal and work related. As a new graduate student I sometimes found it difficult to 

relieve myself of the stress brought on by the bumps along road of scientific research, but 



v 

 

you have always been there to assure me that things would be ok. And of course, when 

things were seemingly at their worst and the 14 hour days didn’t seem like they would 

ever end, you would also remind me that sometimes to get the things we desire most, you 

must be willing to give “everything, all the time”. 

Finally, to the person who deserves the most credit for not only the student, but the 

person I am today, how could one paragraph worth of gratitude ever suffice? To my 

mother, whose support comes in too many ways to simply summarize with words, and 

whose sacrifice for my success is surpassed only by her willingness to continually do so. 

Thank you, I love you, I could have never done it without you.        



vi 

 

Table of Contents 

Chapter 1 - The Issue of Stream Channelization, with a Focus on the Crowsnest 

River 

1.0 Abstract………………………………………………………………………………..1 

1.1 Site Description………………………………………………………………………..2 

1.2 Introduction to Crowsnest River Taxa and Community Structure……………………3 

 1.2.1 Invertebrate Community…………………………………………………….3 

 1.2.2 Salmonid Community……………………………………………………….7 

1.3 Stream Channelization………………………………………………………………...9 

 1.3.1 History of the Crowsnest……………………………………………………9 

 1.3.2 Ecological Consequences of Channelization and the Importance of 

 Habitat……………………………………………………………………………10 

 1.3.3 Mitigation…………………………………………………………………..19  

Chapter 2 - Impacts of Stream Channelization on Salmonid and Invertebrate 

Communities and their Habitat, in the Crowsnest River 

2.0 Abstract………………………………………………………………………………25 

2.1 Introduction…………………………………………………………………………..26 

2.2 Objectives and Hypothesis….………………………………………………………..28 

2.3 Materials and Methods……………………………………………………………….28 

 2.3.1 Assessment of Impacts on Habitat…………………………………………28 

 2.3.2 Assessment of Impacts on the Invertebrate Community…………………..32 

  Biomass…………………………………………………………………..32 

  Density …………………………………………………………………..33 

 2.3.3 Assessment of Impacts on the Salmonid Community……………………..34 

  Abundance……………………………………………………………….34 

  Habitat Use vs. Availability……………………………………………...35 

  Salmonid Density in Various Habitats…………………………..………36 

  Biomass…………………………………………………………………..36  

2.4 Results………………………………………………………………………………..37 

 2.4.1 Impacts of Channelization on Stream Habitat……………………………..37 

 2.4.2 Impacts of Channelization on the Invertebrate Community…………….…42  

  Density …………………………………………………………………..42 

  Impacts of Channelization on Biomass…………………………….…….45 

 2.4.3 Impacts of Channelization on the Salmonid Community…………….……45 

  Habitat Use vs. Availability………………………………………….…..45 

  Salmonid Density and Biomass……………………………………….…46 

  Impacts of Channelization on Abundance……………………….………51  

2.5 Discussion……………………………………………………………………………52 

 2.5.1 Impacts of Channelization on the Stream Habitat…………………………52 

 2.5.2 Impacts of Channelization on the Invertebrate Community……….………56 

  Density …………………………………………………………………..56 

  Impacts of Channelization on Invertebrate Biomass…………………….59 

 2.5.3 Impacts of Channelization on the Salmonid Community………………….61 

  Use vs Availability and Salmonid Density of Various Habitat………….61 

  Impacts of Channelization on Salmonid Abundance and Biomass……...64 

   



vii 

 

  Stream Channelization as a Potential Barrier for Salmonids……...…….67  

  Stream Reactivation: An Alternative Method to Mitigate the Effects of  

   Channelization…………………………………………………...69 

Chapter 3 - Comparing Snorkel Surveys and Single Pass Electrofishing in their 

Estimation of Salmonid Abundance and Biomass across Simple and Complex 

Habitat Reaches of a Fifth Order Stream 

3.0 Abstract........................................................................................................................72 

3.1 Introduction..................................................................................................................73 

3.2 Materials and Methods.................................................................................................76 

 3.2.1 Site Description.............................................................................................76 

 3.2.2 Site Selection................................................................................................77 

 3.2.3 Single Pass Electrofishing............................................................................79 

 3.2.4 Characterization of Depth Habitat................................................................79 

 3.2.5 Snorkel Survey.............................................................................................79 

 3.2.6 Analysis........................................................................................................81 

3.3 Results.........................................................................................................................82 

 3.3.1 Characterization of Depth Profile of Study Sites.........................................82 

 3.3.2 Snorkel Survey.............................................................................................83 

 3.3.3 Single Pass Electrofishing............................................................................83 

 3.3.4 Comparison of Methods...............................................................................84 

3.4 Discussion....................................................................................................................89 

Conclusions……………………………………………………………….……………..93 

Literature Cited………..……………………………………………………………….96 
   

 
  



viii 

 

List of Tables 

Table 2-1. Summary of Location and Elevation of Study Reaches Used to Assess 

Habitat, Invertebrate Biomass and Salmonid Habitat Use and Abundance…….….….…29 

Table 2-2. Habitat Metrics and Sub-Class…..…...………………………….…………..32 

Table 2-3. Total Invertebrate, EPT and Chironomidae Biomass by Reach………......…45 

Table 2-4. Underwater Observations of Depth Habitat Use per Reach and Randomly 

Generated Locations of Juvenile and Adult Salmonids………………….…………..…..46 

Table 2-5. Underwater Observations of Velocity Habitat Use per Reach and Randomly 

Generated Locations of Juvenile and Adult Salmonids………………………………….47 

Table 2-6. Underwater Observations of Cover Habitat Use per Reach and Randomly 

Generated Locations of Juvenile and Adult Salmonids…………………………….....…48 

Table 3-1. Name and Description of Sample Reaches Selected for Snorkel Survey and 

Single Pass Electrofishing..................................................................................................78 

Table 3-2. Abundance Estimates of Snorkel Surveys and Single Pass Electrofishing 

across Sample Reaches with Complex Habitat..................................................................84 

  



ix 

 

List of Figures 

Figure 1-1. Map of Crowsnest River, Study Reaches and Impacted Zone……………....3 

Figure 2-1. Map of Crowsnest River, Study Reaches and Impacted Zone……….......…30 

Figure 2-2. Photos of Channelized Reaches and Riparian Vegetation………...………..31 

Figure 2-3A. O. mykiss Weight to Length………………...…………………………….37 

Figure 2-3B. P. williamsoni Weight to Length………………...……………………..…37 

Figure 2-4. Proportion of Patches and Total Area per Reach of Depth Class across Reach 

Type…………………………………………………………….…………………...…...39 

Figure 2-5. Proportion of Patches and Total Area per Reach of Substrate Class across 

Reach Type……………..…………………………………………….………………….39 

Figure 2-6. Proportion of Patches and Total Area per Reach of Embededness Class 

across Reach Type…………………….………………………………………………....40 

Figure 2-7. Proportion of Patches and Total Area per Reach of Velocity Class across 

Reach Type……………………………………………………………….……………...41 

Figure 2-8. Proportion of Patches of Cover Class across Reach Type…………….…....42 

Figure 2-9. Invertebrate Biomass, by Depth and Reach Type………….…………..…...43 

Figure 2-10. Invertebrate Biomass, by Substrate and Reach Type……………….……..44 

Figure 2-11. Juvenile and Adult Salmonid Density of Depth Class…………...………..49 

Figure 2-12. Juvenile and Adult Salmonid Density of Velocity Class…..…….……..…50 

Figure 2-13. Juvenile and Adult Salmonid Density of Cover Class…..……….……..…50 

Figure 2-14. Juvenile and Adult Salmonid Abundance by Reach……..…….……….…51 

Figure 2-15. Average Salmonid Biomass by Reach……………………...……………..52 

Figure 2-16. Average Salmonid Biomass of Upstream Non-channelized, Channelized 

and Downstream Non-channelized Reaches…………………………………..………....68 

Figure 3-1. Map of Study Reach Locations......................................................................77 

Figure 3-2. Map of Snorkel Survey Routes......................................................................80 

Figure 3-3A. O. mykiss Weight to Length........................................................................82 

Figure 3-3B. P. williamsoni Weight to Length.................................................................82 

Figure 3-4. Total Area of Various Depths per Sampling Reach.......................................83 

Figure 3-5. Length Class Frequencies from Snorkel Surveys and Single Pass 

Electrofishing across Sample Reaches. .............................................................................85 

Figure 3-6. Abundance Estimates by Size Class from Snorkel Surveys and Single Pass 

Electrofishing in Complex Habitat Reaches SS1 and EF1................................................86 

Figure 3-7. Abundance Estimates by Size Class from Snorkel Surveys and Single Pass 

Electrofishing in Complex Habitat Reaches SS2 and EF2................................................87 

Figure 3-8. Abundance Estimates by Size Class from Snorkel Surveys and Single Pass 

Electrofishing in Simple Habitat Reaches SS3 and EF3...................................................87 

Figure 3-9. Biomass Estimates from Snorkel Surveys and Single Pass Electrofishing 

across all Site Comparisons...............................................................................................88 

 



1 

 

Chapter 1 

The Issue of Stream Channelization, with a Focus on the Crowsnest River 

1.0 Abstract 

Mountain streams evolve over time alongside a suite of geomorphological processes, 

which govern the creation of habitat and provide stream residents with the conditions and 

resources necessary to persist and thrive. However, where anthropogenic demand comes 

into conflict with such streams, their natural properties are often compromised, imposing 

significant effects on aquatic communities. An example of this conflict can be found on 

the Crowsnest River, where stream channelization resulting from European settlement 

has altered a significant portion of the river’s main stem. In order to properly manage 

such systems and ensure the long term persistence of aquatic biota, it is crucial that we 

have a complete understanding of the relationship between aquatic organisms and their 

habitat, the natural processes which give rise to such habitat, and how these have two 

previous components may be altered by the disturbance in question. Here, I provide a 

detailed review of past works describing the processes that create a variety of stream 

habitat in natural streams, and why these habitats are crucial to the various salmonid and 

invertebrate species which inhabit the Crowsnest River.  I also provide a review of the 

research which has been done to demonstrate the effects of channelization on aquatic 

habitat and communities, as well as past attempts to mitigate such deleterious impacts.  
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1.1 Site Description 

The Crowsnest River is a fifth order stream (Strahler Method - 1:50 000 resolution), 

which drains eastward along the foothills of the Rocky Mountains, in Southern Alberta. It 

is located within the Oldman River Watershed, where it begins at the mouth of Crowsnest 

Lake and flows to the Oldman Reservoir. The study area includes the section of the river 

from Crowsnest Lake (elev. 1355 m) to Lundbreck Falls (elev. 1172 m), which is an 

impassable barrier for fish located 9 km upstream from the Oldman Reservoir.   This 45 

km section passes through Coleman, Blairmore, Frank, Bellevue and Hillcrest. At 

baseflow,  the wetted width of the river is 11.9 m, with a thalweg depth of 0.86 m at its 

head, and widens and deepens downstream to 21.7 m and 1.19 m (Blackburn 2010). The 

thermal regime varies little along the study area (MacDonald 2011). 

The Crowsnest River, above Lundbreck Falls, once supported a salmonid community 

consisting of Westslope Cutthroat Trout Oncorhynchus clarki lewisii, Mountain 

Whitefish Prosopium williamsoni, and Bull Trout Salvelinus confluentus, which is the 

typical native community for Southern Alberta headwater streams. In the 1930-1940’s, 

however, Rainbow Trout Oncorhynchus mykiss, were stocked intensively and the native 

cutthroat trout became restricted to the upper tributaries; bull trout are now found only 

below Lundbreck Falls, leaving mainly rainbow trout and mountain whitefish in the study 

area. Other species such as Lake Trout S. namaycush, Brook Trout S. fontinalis and 

Brown Trout Salmo trutta  have also been introduced and, along with the few remaining 

Westslope Cutthroat Trout, make up a small fraction of the current salmonid community 

(Blackburn 2010).  
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*Electrofishing conducted by Alberta Conservation Association 

Figure 1-1. Map of Crowsnest River, Study Reaches and Impacted Zone. 

Since the beginning of European settlement in the late 1800’s, the Crowsnest River 

underwent a series of changes, associated with the building of the Canadian Pacific 

Railroad, and the development of coal mining communities in the river valley. As a 

result, large segments of the river have been diverted into artificial channels, greatly 

altering the aquatic habitat. Impacted reaches are found throughout the study area, from 

Coleman to Hillcrest (Fig 1-0).   

1.2 Introduction to Crowsnest River Taxa and Community Structure 

1.2.1 Invertebrate Community 

The Crowsnest River, in its unaltered reaches, presents a heterogeneous compliment of 

habitat featuring a variety of substrates, depths and flow velocities, providing a suitable 

environment for a diversity of aquatic invertebrates. The aquatic invertebrate community 
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of the Crowsnest River is dominated by members of the orders Ephemeroptera, 

Plecoptera, Trichoptera, Diptera and Oligochaeta, and also feature in less abundance, 

various members of Amphipoda, Coleoptera, Hirudinea, and rarely, Megaloptera 

(personal observation). Aquatic invertebrates are classified based on characteristics 

describing the adult life stages of invertebrates, and as such, during the larval stage of the 

life cycle, great variance may exist in the habitat or food requirements of members of the 

same taxonomic family (Resh and Rosenberg 1984). The aquatic invertebrates of the 

Crowsnest River will be treated in terms of four functional feeding groups (FFG): 

scrapers, shredders, collectors and predators (Cummins 1973, Cummins and Klug 1979). 

 Aquatic invertebrates belonging to the scraper FFG feed by scraping algae and detritus 

from the surfaces of large substrates, facilitated by specialized mouthparts. An example 

of such specialization is the lining of stiff hairs along the labial or maxillary palps in 

some Ephemeropterans and Plecopterans (Resh and Rosenberg 1984). In addition to their 

role as primary consumers in the river food web, scrapers dislodge particulate organic 

matter making it available for other organisms, such as collectors (Clifford 1991). The 

most abundant scrapers in the Crowsnest River are members of the families 

Oligoneuridae and Limnephilidae. Although not much is known about the specific habitat 

preferences of these families, scrapers are generally found in greater abundance in 

shallow areas of streams, in both fast and slow moving conditions (Clifford 1991). 

The shredder FFG feed on coarse plant material matter, mostly leaves and other detritus 

from terrestrial sources, which at certain times of the year can make up a significant 

fraction of the organic matter in the river (Graffius and Anderson 1980). Like scrapers, 

the shredders can generate a resource subsidy for other feeding groups by breaking down 
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coarse particulate matter to a size suitable for smaller organisms (Cummins and Klug 

1979). Shredders in the Crowsnest River include members of the families of Perlidae, 

Chloroperlidae, Pteronarcidae and Tipulidae. The most abundant shredders in this system 

are those members belonging to the order Plecoptera, however, Cummins and Klug 

(1979) noted that as they increase in size, Plecopterans such as Perlidae and 

Chloroperlidae will become increasingly more predacious, shifting them into a separate 

FFG. The habitat preferences of shredders are quite variable. Due to high oxygen 

requirements, members of Plecoptera are likely to be most abundant in swift moving 

oxygen rich flows  and larger, cleaner substrate (Cummins 1973, Brusven and Prather 

1974), while members of Diptera within this FFG are more tolerant of low oxygen levels, 

and may be found in greater abundance in slower moving, depositional habitats (Clifford 

1991).  

The collector FFG feed on the fine particulate matter found throughout most habitat 

types. Fine particles of algae, detritus, and bacteria can be collected from free flowing 

sources in the water column, or from deposited sources, either in the interstitial areas of 

larger substrates or on the bottom of pools and backwaters (Resh and Rosenberg 1984). 

Collectors have developed a variety of strategies to exploit this resource, and can be 

further subdivided into two groups based on the collection methods they utilize 

(Cummins 1973, Cummins and Klug 1979). The first group are the deposit-collectors, 

which are commonly associated with slower water velocities and finer substrates (Hynes 

1970), typical of most depositional habitats. The deposit-collectors are well represented 

in the Crowsnest River by the families Brachycentridae, Baetidea, Ephemerellidae, 

Oligoneuridae, Siphloneuridae, Naididae, Lumbriculicidae and Chironomidae. The filter-
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collectors are the other group, and as implied by their name feed on the particulate matter 

which is free flowing in the water column. This sub-group is represented by the Dipteran 

Simuliidae and the caddisfly Hydropsychidae in the Crowsnest River.  Hydropsychids 

construct capture nets from spun silk, which they place perpendicular to the flow of the 

stream to capture particulate matter suspended in the stream flow, and as such generally 

prefer faster moving flows which increase the delivery of food resources (Wallace and 

Merritt 1980, Clifford 1991, Jowett et al. 1991). They have also been shown to select for 

larger substrate sizes (12-25 mm) rather than pebbles or sand (Brusven and Prather 1974), 

possibly due to greater suitability for anchoring nets. Simuliidae also use spun silk, 

however rather than constructing nets, they use their silk to anchor themselves to 

substrate while positioning their posterior ends in the flowing water where they collect 

free flowing particulate matter with specialized filtering fans on their mouthparts 

(Clifford 1991). 

The fourth FFG are the predators, which feed primarily on primarily on other aquatic 

invertebrates, and are thus secondary, and not primary consumers, like most other aquatic 

invertebrates (Resh and Rosenberg 1984).  Predators are often large, and rapidly growing 

and active making them important prey for salmonids (Cummins and Klug 1979, Clifford 

1991). In general, members of this FFG are intolerant of low oxygen concentrations in 

the water, and are therefore most commonly found in swift flowing oxygen rich habitats 

featuring clean substrates (Jenkins et al. 84), such as riffles or runs. One exception to this 

would be the largely predacious family of leeches, Glossiphonidae, commonly found in 

the oxygen poor debris accumulations in rivers (Clifford 1991). Large predatory 

invertebrates may select for clean substrate with large interstitial spaces which serve as 
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refugia from larger predators such as salmonids. Brusven and Rose (1981) observed an 

increase in invertebrate predation by salmonids in substrates with decreasing pore size, 

supporting this (Brusven and Rose 1981). The predator FFG in the Crowsnest River is 

comprised mostly of the stoneflies Perlidae, Chloroperlidae, Perlodidae and the mayfly 

Heptageniidae, with other families such as Rhyacophilidae and Glossiphonidae occurring 

in less abundance (personal observation). 

1.2.2 Salmonid Community   

The Crowsnest River supports a highly productive salmonid community, dominated by 

native mountain whitefish  and introduced rainbow trout, which account for 

approximately 95% of the total fish community (Blackburn 2010). O. mykiss occur 

naturally along the Pacific Coast, as well as inland through the Peace and Liard River 

drainages in British Columbia and the Athabasca River drainage in the Northern Alberta 

(Nelson and Paetz 1992). The widespread stocking of O. mykiss over the past century, 

however, has led to introduced communities occurring in most streams and rivers across 

Southern Alberta, including the Crowsnest River. The native home range of P. 

williamsoni encompasses most of Alberta, and extends west throughout British Columbia 

and south as far as Nevada. As such, P. williamsoni occur naturally in the Crowsnest 

River (Nelson and Paetz 1992).  

At fall low flow, O. mykiss are primarily foraging on invertebrate drift, and will occupy 

habitats which present optimal foraging opportunities. Juvenile O. mykiss are commonly 

found in habitats such as shallow runs or riffles, and as their size increases so too will the 

size of the habitat they select for (Grant and Kramer 1990).  Larger, mature individuals 
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belonging to the invertebrate orders Ephemeroptera, Plecoptera and Trichoptera (EPT) 

are thought to be an important component of the diet of O. mykiss (Tippets and Moyle 

1978). It follows that habitat types which optimize EPT abundance likely provide the 

greatest foraging opportunities for O. mykiss.  

During fall low flow P. williamsoni tend to feed more directly on benthic, rather than 

drifting, invertebrates (Pontius and Parker 1973, DosSantos 1985). This was observed in 

P. williamsoni in the Sheep River, Alberta, which fed mostly within 10 cm of the stream 

bed and never from the surface (Davies and Thompson 1976). Juvenile P. williamsoni 

have been found to be most abundant in shallower habitats of streams and in areas of 

lower velocity (Pettit and Wallace 1975), and similar to O. mykiss, individuals will seek 

out larger and deeper habitats as they increase in size (McPhail and Troffe 1988). Several 

studies have reported strong schooling behaviour in P. williamsoni communities, 

observing clusters of fish representing multiple age/ size groups congregating in deep 

pools (Davies and Thompson 1976, McPhail and Troffe 1988), making these important 

habitats for P. williamsoni communities. This preference for slower habitats coincides 

with a preference for these habitat conditions exhibited by the invertebrate family 

chironomidae, a major food source of P. williamsoni (Pontius and Parker 1973, Overton 

et al. 1978, McPhail and Troffe 1988).  

Where two species which occupy similar niches are brought to co-exist and niche overlap 

occurs, competition for optimal habitat or food resources is likely to arise, and such is the 

case in many mountain streams where O. mykiss have been introduced (Fausch 1988). O. 

mykiss are infamously known for their ability to outcompete and displace native 

coldwater salmonids, attributed to physiological and morphological differences such as 
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higher growth rates and the ability to tolerate relatively warm temperatures (Bear et al. 

2007, Seiler and Keeley 2009). Such competitive advantages have led to the well 

documented, widespread displacement of many native coldwater salmonid populations 

along the Eastern slopes of the Canadian Rocky Mountains (Fausch 1988, Gresswell 

1988, Donald and Alger 1993). In the Crowsnest River, the introduction of O. mykiss 

paired with over the fishing of native species led to the ultimate displacement of native 

Westslope Cutthroat and Bull Trout (Blackburn 2010). However, despite the decline of 

these two native species, P. williamsoni, which are also native to the Crowsnest River, 

continue to thrive with O. mykiss. The persistence of P. williamsoni may be explained by 

niche segregation.  For example, in a coldwater Newfoundland stream, O. mykiss 

occupied faster velocities in the open channel, whereas Brook Char preferred slower 

water velocities and greater cover opportunities, such as pools, enabling the sympatric 

trout to co-exist without competing (Cunjak and Green 1983). Like the Brook Char, P. 

williamsoni prefer pools to faster open channel habitats, potentially enabling them to co-

exist with introduced O. mykiss. In three Montana streams P. williamsoni and O. mykiss 

were able to co-exist largely due to differences in the diets of adults despite major 

overlap in juvenile diets (DosSantos 1985). This study may provide further insight to the 

mechanisms which allow sympatric O. mykiss and P. williamsoni to co-exist in the 

Crowsnest River.  

1.3 Stream Channelization 

1.3.1 History of the Crowsnest                                                                                       

The Crowsnest River runs through the municipality of the Crowsnest Pass (Coleman, 

Blairmore, Frank, Bellevue and Hillcrest) whose history reflects the development of the 
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railroad, and the exploitation of lumber, coal and other resources in this watershed. 

Initially, the railway resulted in major alterations to the meandering river channel, 

creating many channelized sections (C.P.H.S. 1979), and secondary alterations then came 

from flood control measures associated with urban development.  In 1909, a retaining 

wall along the east bank of Lyon Creek (C.P.H.S. 1979) near the growing municipality of 

Blairmore, and in the following 30 years further flood control measures involving further 

channelization. The straightened channels were built adjacent to the flood prone 

meandering reaches of the river, and were used to divert water out of these natural flood 

prone reaches. As a result, the Crowsnest River channel has lost a considerable portion of 

its natural meander. 

1.3.2 Ecological Consequences of Channelization and the Importance of Habitat 

Anthropogenic disturbances and their residual effects, while altering the natural state of 

our streams and rivers, are a driving force in aquatic research and fisheries management. 

Such disturbances, constitute experiments that can yield valuable insight into ecosystem 

function, revealing important mechanisms of river function. For the manager, concerned 

for the productive capacity of the system, anthropogenic disturbances, though 

representing major ecosystem stresses, have led to innovative measures of mitigation and 

river management.  Indeed, much attention has been focussed on stream channelization 

by researchers and managers alike (Nunnally and Keller 1979, Brookes et al. 1983, 

Brookes 1985, Brookes 1987a, Moerke et al. 2004).  

Stream channelization, the artificial straightening of an existing stream, or the diversion 

of flow from a naturally existing stream into a straight, man-made channel, is used to 
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divert water from the river flood plain (Emerson 1971). Besides the most obvious effect 

shortening reach length and reducing sinuosity (Hansen 1971, Brookes 1987a),  other 

impacts such as removal of bankside vegetation, widening and deepening of the channel 

profile, and homogenization of substrate have also been associated with channelization 

either as a direct result of the stream manipulation itself, or as a secondary result of the 

altered channel processes, many of which only appear decades later (Chapman and 

Knudsen 1980, Reily and Johnson 1982, Brooker 1985, Williamson et al. 1992, 

Landwehr and Rhoads 2003, Moerke et al. 2004, Lau et al. 2006, Pedersen 2009, Duncan 

et al. 2011). Direct reductions in available fish and invertebrate habitat resulting from 

reduced stream length are quite easy to quantify, as the amount of stream length lost 

translates to a direct unit of habitat area lost for lotic organisms (Brooker 1985, Cramer 

and Ackerman 2009). Straightening can also produce many indirect effects on productive 

capacity (Montgomery and Buffington 1997), for example, those associated increasing 

the elevational gradient (slope) (Brooker 1985, Brookes 1987a). A stream’s natural 

gradient is an evolved outcome of the stream’s geomorphological history, and tends to a 

stable state (Williamson et al. 1992, Rabeni and Jacobson 1993, Hooke 2008). Increasing 

the gradient (slope) of a stream generally increases flow velocity, triggering channel 

widening or lowering (incision or entrenchment), which tend to restore equilibrium 

(Rhoads 1990, Williamson et al. 1992, Landwehr and Rhoads 2003). Channel incision or 

entrenchment lowers the stream bed, and occurs when the ability of a stream to transport 

sediment increases, without a corresponding increase in sediment load. Although channel 

incision itself is not known to directly affect stream biota (Duncan et al. 2011), lowering 

the water table has been shown to reduce growth of bankside vegetation (Reily and 
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Johnson 1982), which is important for both fish and invertebrates by providing cover 

from sunlight and overhead predation, providing a nutrient supply in the form of 

allochthonous input, and by playing a role in thermal regulation (Beschta 1997, Wallace 

et al. 1997, Johnsson et al. 2004, Laeser et al. 2005, Roth et al. 2010). In a study 

examining the value of overhead cover with respect to predation risk in four salmonids, 

Johnsson et al. (2004) found that territory owners showed a significant preference for 

cover habitat, and also that owners of cover territories were more aggressive in defending 

those territories than those with non-cover territories (Johnsson et al. 2004). Channel 

incision also reduces connectivity to side channels, oxbows and other floodplain habitats, 

inherently limiting the available habitat for fish and invertebrates as well as disconnecting 

these organisms from potential resources. 

The importance of allochthonous inputs as an energy subsidy for both aquatic 

invertebrate and fish communities has also been well documented (Wallace et al. 1997, 

Kawaguchi et al. 2003, Rasmussen 2010), as has the significance of bankside vegetation 

as a supplier of that subsidy (Laeser et al. 2005). Quinn et al. (1992) found a significant 

reduction in terrestrial litter input in streams which had been cleared of bankside 

vegetation due to channelization (Quinn et al. 1992), and others have found similar 

declines in instream large woody debris and coarse organic matter in correspondence to a 

loss of adjacent riparian vegetation (Gregory et al. 1991). Wallace et al.(1997) performed 

an experiment whereby they excluded terrestrial litter from a stream for a period of three 

years and noted a major drop in both abundance and biomass across a variety of 

invertebrate taxa (Wallace et al. 1997). 
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Overhanging vegetation also provides shade, lowering stream temperatures during 

daylight hours by reducing the effect of solar radiation (Beschta 1997, Roth et al. 2010). 

Modelling studies have shown that the removal of bankside vegetation can result in a 

0.7°C increase in stream temperature, while the establishment of a dense riparian 

community can lower stream temperature by as much as 1.2°C (Roth et al. 2010). 

Furthermore, the effect solar radiation has on raising stream temperatures is magnified in 

streams susceptible to widening, due to an increase in surface area to volume ratio 

(Beschta 1997). With respect to biota, it has been shown that increasing stream 

temperatures can influence community structure by providing a competitive advantage 

for those species which are more tolerant of warmer waters, such as common invasive 

species like O. mykiss (Paul and Post 2001, Bear et al. 2007). In fact, due to higher 

thermal tolerances, O. mykiss gained a significant survival advantage over a native 

coldwater trout at warmer temperatures (Bear et al. 2007), illustrating the potential for 

shifts in community structure in correspondence to increased water temperature. 

Streams also tend to re-establish equilibrium by widening, which occurs through bank 

erosion, which dissipates energy resulting from increased velocity horizontally through 

its banks (Nunnally 1978). Channelized stream banks are generally less stable than those 

of natural streams due to a lack of a riparian root matrix (Reily and Johnson 1982), and as 

such are very susceptible to stream bank erosion.  

Bank erosion may also increase the sediment load of the stream, impacting the physical 

components of the lotic environment and incurring deleterious effects on the biological 

community (Kroes and Hupp 2010).  Undercutting of banks, resulting from stream 

straightening and channel incision, can be a major l contributor to erosion and increasing 
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sediment load (Williamson et al. 1992). Increased sediment load in the channel flow also 

increases the amount of sediment available to deposit during low flow seasons (Landwehr 

and Rhoads 2003), altering the state of the stream subclass by either changing the particle 

size distribution of the stream bed, or by increasing the embededness of the substrate 

(Culp et al. 1983, Erman and Erman 1984). Stream bed alterations can greatly influence 

invertebrate community structure (Lenat et al. 1981, Minshall 1984, Zweig and Rabeni 

2001). Low levels of deposition reduced invertebrate density, but had little effect on 

community structure, however, high levels of deposition led to an increase in invertebrate 

density, and a shift in community structure from an Ephemeroptera, Trichoptera, 

Plecoptera (EPT) dominated community to an Oligochaeta dominated community (Lenat 

et al. 1981). Similarly, EPT density and richness were negatively correlated to sediment 

deposition across study streams (Zweig and Rabeni 2001). 

Erosion and deposition are also greatly influenced by flow regime as it relates to peak 

and low flows, which differ substantially among channelized and unaffected meandering 

reaches. Channelized stream reaches are engineered with high, often reinforced banks to 

reduce the access of flow to the flood plain (Emerson 1971, Brookes et al. 1983, Brookes 

1987a). Thus, during peak spring runoff events, larger volumes of discharge remain 

within the main channel rather than being allowed to dissipate its energy over its banks, 

creating a system which is much more powerful (Rhoads 1990, Kroes and Hupp 2010). In 

contrast, during late summer or fall this effect of increased power is actually reversed due 

to the already low amount of flow being evenly spread over the monotonous channel 

profile (Nunnally 1978, Brookes et al. 1983). This is an important consideration with 

respect to seasonal fluctuations of stream flow and channelization, as channelized reaches 
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feature a very homogeneous channel profile with little difference in depth or velocity 

across the stream (Emerson 1971, Keller 1976). Meandering reaches, however, are much 

more heterogeneous in profile, featuring some shallow depositional zones on the insides 

of bends, and fast flowing deeper sections to the outside margin of bends (Rabeni and 

Jacobson 1993, Fukushima 2001, Hooke 2008). During the low flow season, physical 

heterogeneity is crucial as these deeper sections retain sufficient power to transport the 

sediment within the water column, and in their absence, channelized reaches suffer a 

great reduction in sediment transport capability during low flow conditions, and can at 

these times be net depositional zones (Landwehr and Rhoads 2003).   

Flow patterns play a key role in sediment transportation, but they are also crucial to the 

formation of habitat (Rabeni and Jacobson 1993). The force and patterns of flow in an 

unaffected meandering stream differ greatly from those in a channelized stream due to 

the presence of bends, and the interaction between channel flow and these bends is what 

gives rise to a variety of micro-habitat types (Rabeni and Jacobson 1993). For example, 

when the flow of a stream encounters a bend the greatest portion of its flow is 

concentrated to the outside, exposing the outer bank to stronger water velocities which 

induce erosion or scour effects. In opposition to this, the inside of the bend experiences a 

much more gentle flow, and is therefore characterized as a more depositional 

environment (Rabeni and Jacobson 1993). 

Micro-habitat types associated with the outside of bends are generally deeper due to the 

scouring processes which give rise to them, and include such habitat as pools, deep runs 

and deep undercuts (Rosgen 1994). Deep pools are characterized by slower moving 

waters (despite the fact they are created by fast moving water), and offer salmonids good 
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resting positions from higher velocities as well as cover from overhead predation (Pettit 

and Wallace 1975, Keller 1976, Smith and Brannon 2007). Pools tend also to have finer 

sediment resulting from net deposition during low flow seasons (Landwehr and Rhoads 

2003), and as a result will host a different invertebrate community then what exists in 

adjacent habitats (Duan et al. 2009). It follows that deep pools offer not only an alternate 

food source for salmonids, but due to lower velocities may also favour benthic feeding 

strategies rather than drift feeding (Davies and Thompson 1976, DosSantos 1985).  

Deep runs are created through similar processes as deep pools, however, runs are 

positioned in areas where flow is much greater, either on the downstream edge of lateral 

scour pools or mid channel where the thalweg creates a deeper profile (Rabeni and 

Jacobson 1993). These habitats feature greater velocities than pools, and are generally 

characterized by coarser substrates (Montgomery and Buffington 1997). Thus, deep runs 

support a different invertebrate community than exists in the finer substrate composition 

of pools (Jowett 2003, Jowett et al. 2005), supplying a different food source for 

salmonids.  Furthermore, it has been shown that drift densities increase with increasing 

flow velocities (Waters 1965), and thus, deep runs may present an advantage for species 

which favour higher swimming velocities as well as drift feeding strategies. 

Both deep pools and runs which form on the lateral edges of streams are also often 

associated with deep undercuts (Rabeni and Jacobson 1993). Undercut habitat is created 

when the bank of a stream is scoured away, but root masses of established bankside 

vegetation keep part of the bank intact, creating and overhanging ledge which offers 

increased overhead cover. Although little is known about how undercut habitat may 

affect invertebrate communities, it is well understood that many salmonid species show a 
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preference for the cover value provided by deep undercut banks (Magoulick and 

Wilzbach 1997, Myers and Resh 2000).  Deep water habitats are very important to larger 

individuals of a community (Grant and Kramer 1990), and often permit fish to partition 

the water column in the vertical dimension (Cramer and Ackerman 2009), making deep-

water habitats important for their overall contribution to stream biomass as well.  

Along the inner banks of channel bends the depositional environment present, gives rise 

to habitats such as riffles, shallow runs and slackwater habitat (Rabeni and Jacobson 

1993). Riffles generally feature clean gravels with little to no fine sediment (Montgomery 

and Buffington 1997), and favour invertebrates that prefer well aerated, moderately-sized 

substrates (cobble and pebble) such as Ephemeroptera, Plecoptera and Trichoptera (EPT) 

(Resh and Rosenberg 1984, Jowett 2003, Jowett et al. 2005). For salmonids, riffles 

represent quality foraging positions for a variety of species and life stages and may 

provide some cover value for smaller individuals (Smith and Brannon 2007).  

Shallow runs, also referred to as glides occur at intermediate depths and typically feature 

intermediate velocities (Rosgen 1994), and variable substrates, and during low seasonal 

flows can be quite susceptible to deposition and sedimentation (Landwehr and Rhoads 

2003). Thus, invertebrate communities of glides are also quite variable (Resh and 

Rosenberg 1984). Shallow runs offer little to no salmonid cover, and likely do not 

represent the optimal feeding positions in a stream (Fausch 1984, Smith and Brannon 

2007).  

Slackwater habitats generally occur directly leeward of point bars formed along the inner 

banks of stream meanders, where eddies branching off from the main current create zones 
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of little or no flow in shallow, marginal habitat (Rabeni and Jacobson 1993). Although 

generally shallower, these habitats are similar to pools in that they feature low flow 

velocities and finer substrate composition than adjacent faster water habitats 

(Montgomery and Buffington 1997), and favour invertebrates that are well adapted to 

fine sediments and low water velocities, such as Chironomidae and Oligochaeta.  

Slackwater habitats are also important refugia from spates or flood events (Lancaster and 

Hildrew 1993, Negishi et al. 2002). Although slackwater areas are generally not of major 

importance for salmonids, it has been suggested that these areas may play a significant 

retention role for organic matter such as woody debris and nutrients (Webster et al. 1994, 

Brookshire and Dwire 2003, Daniels 2006), which may then have indirect, though 

delayed, benefits for all aquatic biota (Bilby and Likens 1980, Bilby 1981, Lamberti et al. 

1989). Where slackwater habitats accumulate large amounts of woody debris, it provides 

a unique substrate type available for colonization by filter feeding and detritivorous 

invertebrates (Reice 1980), adequate cover from predation, for many different 

invertebrates (Wallace et al. 1997).  

Fluvial processes resulting from stream meander thus provide the diversity of habitat 

characteristic of unaltered stream reaches. Streams impacted by channelization, devoid of 

bends and stripped of their habitat forming processes, feature a contrastingly monotonous 

habitat compliment which would be expected to impact aquatic communities as well as 

stream carrying capacity (Nunnally and Keller 1979, Brookes et al. 1983, Brookes 1985, 

Cramer and Ackerman 2009, Pedersen 2009). Impacts such as increased sedimentation, 

erosion, or the many others which have been summarized above, can have severe 

deleterious effects on the salmonid communities which are valued for recreation or 
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aesthetics, as well as their invertebrate food resources (Emerson 1971, Duvel et al. 1976, 

Quinn et al. 1992, Negishi et al. 2002).  

1.3.3 Mitigation  

While channelization may negatively affect one taxa, it may simultaneously provide 

benefits for another (Beechie and Bolton 1999), making it difficult to design optimal 

management strategies to mitigate effects on diverse aquatic communities. As such, when 

developing effective mitigation techniques it is crucial that managers consider not only 

the compliment or severity of impacts, but also the fact that micro-habitats are not used 

equally across all taxa and life stages present within a stream, therefore certain impacts 

may weigh more heavily than others depending on the stream’s community structure. 

Such is the case with many physically based (rather than biologically based) habitat 

restoration techniques, which generally benefit one specific taxonomic group while 

potentially harming many others (Reeves et al. 1991).  

When considering the restoration of habitat, it is believed that a focus on restoring natural 

processes to a stream is far more beneficial than in-stream habitat manipulation (Beechie 

et al. 1996, Kauffman et al. 1997). Roni et al. provide a review of restoration techniques 

on streams impacted by a variety of land uses in the Pacific Northwest and outline the 

importance of process restoration as well as instream habitat manipulation, but note that 

in order for specific instream manipulation treatments to be optimally effective, natural 

processes should first be restored (Roni et al. 2002). With respect to fish and 

invertebrates, it is well understood that the stream processes most affected by 

channelization are those which are responsible for micro-habitat creation (Nunnally 1985, 
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Brookes 1987b) and those associated with erosion and deposition of sediment (Rhoads 

1990, Landwehr and Rhoads 2003). 

Impacts associated with erosion and deposition can be addressed by many bank 

stabilization methods, including re-enforcing unstable banks with live vegetation, or re-

establishment of a riparian zone, which help to increase channel stability, decrease 

erosion, and reduce sediment load in a stream. Restoring micro-habitat forming processes 

to a channelized reach, however, is a much more difficult task due to the fact that 

restoration of stream sinuosity requires large scale channel modifications and is often not 

economically feasible. Nunnally is among the few to address this issue, but did so from a 

preventative stand-point, providing a set of provisions for future channelization projects 

which would allow for micro habitat forming processes to be maintained within the reach 

(Nunnally 1978). These guidelines included minimal straightening, limited removal of 

bankside vegetation and the integration of bank stabilization techniques, and would 

ideally create a hybrid channelized stream reach which satisfied anthropogenic needs 

while maintaining the equilibrium and flow processes of a natural stream (Keller 1976, 

Nunnally 1978, Nunnally and Keller 1979, Nunnally 1985, Brookes 1987b). In 1978, 

Brookes was the first to attempt to restore sinuosity to a channelized stream section on a 

large scale (Brookes 1987b). The experiment involved an 800 m reach of a low energy 

stream in Denmark which had been channelized. The original meandering channel which 

existed in the 19
th

 century was plotted using historical maps, and then excavated. To 

restore the reach’s historical stream bed, substrate composition was determined from 

historical geological information as well as upstream sources, and then placed in pre-

determined intervals along the stream to be distributed naturally by high flow events. 
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This would ensure that the distribution of the substrate emulated what would exist as a 

result of natural processes. To ensure bank stability and reduce erosion, natural 

vegetation was planted along the stream banks, and rip rap was used where necessary 

(Brookes 1987b). Although Brookes did not comment on the cost effectiveness of the 

project, or estimates of feasibility for future projects, it is important to note that this work 

was done on a small stream (width < 2 m), and it could be assumed that the cost of such 

projects would certainly increase as stream sizes become larger. Initial monitoring of the 

stream two years post-manipulation suggested that the desired ecological results had been 

achieved (Brookes 1987b). Several other projects have since attempted to restore 

sinuosity to channelized streams, although at smaller scales, and have similarly reported 

benefits such as increased fish and invertebrate density and diversity upon initial 

monitoring (Iversen et al. 1993), but to my knowledge no long term monitoring of these 

systems (> 3 yrs post-meander restoring) has been undertaken. Although short term 

monitoring programs are not without benefit (Bayley 2002), they may also be misleading 

if insufficient time has been given for stream biota to fully adjust to a new system (Bisson 

et al. 1992). This point is illustrated by Moerke at al. (2004), who performed both short 

and long term monitoring of a sinuosity restoration project in Indiana. Similar to 

Brookes, stream substrate was added to reflect what existed pre-channelization and 

stream banks were re-enforced with natural vegetation. After a full year post-meander 

construction, invertebrate and fish density and diversity within the restored reaches were 

either equal or greater than reference channelized reaches. Monitoring was then 

conducted for a second time five years post-meander construction to determine long term 

success of the restoration, and revealed that although invertebrate density remained 
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higher, invertebrate diversity as well as fish abundance and diversity were all equal to or 

lower in the restored reaches compared to the channelized reaches. Following their 

observations, Moerke et al.(2004) determined restoration masked the effects of sediment 

input from upstream channelized reaches in the short term which required several years 

to once again impose deleterious effects on stream biota (Moerke et al. 2004).   

As dictated by the inherent difficulty in restoring micro habitat forming processes to 

channelized reaches, most micro-habitat restoration efforts in channelized reaches most 

typically resort to in-stream manipulation methods such as the addition of boulders, large 

woody materials, or artificial structures to the reach. The objective of these structures is 

to create obstructions in the stream flow which produce diverse flow conditions 

(Thompson 2006) and heterogeneous substrates (Laasonen et al. 1998), improve retention 

of organic material (Muotka and Laasonen 2002) and may also provide cover (Brittain et 

al. 1993). Gowen and Fausch (1996) determined that the installation of large woody 

debris in mountain streams effectively increased pool depth, pool volume and proportion 

of fine sediment in treated areas (Gowan and Fausch 1996). Following the placement of 

instream habitat features, Rosenberg and Huato (2003) reported an increase in riffles and 

pools, as well as habitats which offered cover and foraging opportunities for salmonids 

(Rosenfeld and Huato 2003). 

While it is widely accepted that the addition of instream features is an effective method 

of restoring a variety of micro-habitats within a stream, it has yet to be clearly shown that 

these methods provide any measurable benefits for fish or invertebrate communities. 

Recent research assessing the response of fish and invertebrate communities following 

the addition of instream features found no statistical differences in fish abundance, fish 
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biomass, invertebrate abundance or invertebrate taxa richness across impacted and 

restored reaches (Muotka et al. 2002, Lepori et al. 2005). Broad literature reviews 

undertaken in the past decade have suggested that due to widely variable results (Stewart 

et al. 2009), lack of evidence (Thompson 2006) or inadequate monitoring (Bayley 2002), 

previous studies have failed to provide unambiguous support for these restorative 

techniques. Further to the uncertainty surrounding the effectiveness of instream features, 

criticism has also been afforded to the durability, or long term persistence of these 

structures in larger streams and rivers. Roni et al.(2002) noted that due to the magnitude 

of peak flow events in streams wider than 12 m, artificial instream features would likely 

not persist beyond 20 years, creating even greater scepticism when considering the long 

term effectiveness of these methods (Roni et al. 2002).  

The most recent habitat rehabilitation effort to occur on the Crowsnest River was part of 

the fish mitigation program following the completion of the Oldman River Dam in 1991. 

To help meet the objective of “no net loss of fishing opportunity”, boulder clusters were 

placed in a reach of the Crowsnest River, downstream of Lundbreck falls, with the 

intention of creating pool habitat suitable for game size fish to rest or overwinter in. In 

1995, the structures were damaged and required repair following a flood event. In 2001, 

the Oldman River Dam Environmental Advisory Committee evaluated the mitigation 

efforts on the Crowsnest River. They determined that although the structures themselves 

had been repaired, the pre-designed distribution of the structures had been significantly 

altered. As a result of this altered distribution, the committee further determined that the 

target habitat had therefore also not been sufficiently maintained. The final 

recommendation of the committee was that, due to a lack of supporting evidence, it could 
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not be concluded that the objective of “no net less of fishing opportunity” had been 

achieved (O.R.D.E.A.C. 2001). 

The need for effective measures of stream rehabilitation remains a pressing issue in lotic 

ecology, especially those which apply specifically to the mitigation of stream 

channelization, one of the most common anthropogenic disturbances affecting streams. 

There is currently a debate among the scientific community as to the effectiveness of 

many stream rehabilitation techniques (Bayley 2002, Thompson 2006, Stewart et al. 

2009), therefore it is crucial that we continue to generate new and innovative techniques 

in order to ensure the long term persistence of our river ecosystems. 

In the chapter to follow, I will discuss the impacts of stream channelization on a variety 

of channel processes, stream habitat, and aquatic communities, as well as introduce an 

innovative restoration project which will attempt to mitigate these negative impacts, with 

a strong focus on process restoration.  
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Chapter 2 

Impacts of Stream Channelization on Salmonid and Invertebrate Communities          

and their Habitat, in the Crowsnest River 

2.0 Abstract 

Stream channelization is a form of anthropogenic disturbance, common to warm water 

low land streams where agriculture is the dominant land use. While much work has been 

done to assess the negative effects of channelization on stream habitat and fish 

communities, a large percentage of studies focus on warm water systems, and as a result, 

much less attention has been afforded to impacts on cold water salmonid streams. Here I 

assess the impacts of channelization on stream habitat, and determine how these impacts 

affect the salmonid and aquatic invertebrate communities of a 5
th

 order cold water river in 

Southern Alberta. I demonstrate that stream channelization has imposed significant 

alterations to stream habitat, most notably a loss of deep habitat, and that these alterations 

have led to a statistically significant decline in abundance and biomass of Rainbow Trout 

and Mountain Whitefish, as well as a significant decline in their food source (aquatic 

invertebrates). While these findings should be applicable for management across a wide 

range of cold water salmonid species, I suggest that they may be of special significance to 

the management of Mountain Whitefish populations, which may be more sensitive to 

channelization than other coldwater species.  
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2.1 Introduction 

Where streams and rivers come into conflict with urban land use they are often subject to 

alterations which can have profound effects on the physical structure and biotic 

communities of the ecosystem. One form of anthropogenic disturbance associated with 

urban land use and common across a wide range of landscapes, is stream channelization. 

Channelization can be most simply defined as the artificial straightening of streams 

(Emerson 1971), and is used as an effective method to impede water from accessing the 

flood plains adjacent to rivers, thereby reducing the risk of flooding in areas where other 

anthropogenic land uses would require such action.  

Physical stream alterations which result from channelization include elevated velocities 

and discharge, increased levels of erosion and sedimentation, less instream cover and 

decreased allochthonous input (Lau et al. 2006), all of which can significantly impact 

invertebrate and fish assemblages (Townsend 1989, Englund 1991, Smock et al. 1992). 

Channelized streams have also been described as having homogenous habitat, having lost 

the mosaic of different habitat types characteristic of a pristine meandering channel 

(Keller 1976, Rambaud et al. 2009). 

Among the most notable channelization-induced impacts that affect aquatic invertebrates 

are those that result in habitat loss, through either loss of useable area due to straightening 

(Hansen 1971, Brookes 1987a) or changes in water velocities, depths and/or substrate 

composition which may limit the carrying capacity of instream habitats (Minshall 1984, 

Jowett et al. 2005, Kroes and Hupp 2010). Flow refugium is best described as those 

habitats which offer protection from high flow events and minimize the risk of stream 

inhabitants being flushed away throughout high flow events, but this crucial habitat is 
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typically lost where channelization occurs. These habitats are known to be of great 

importance for the purpose re-colonization of adjacent habitat following high flow events 

(Lancaster and Hildrew 1993), and research has shown that loss of refugia habitat 

following channelization can impose significant effects on the aquatic invertebrate 

community (Negishi et al. 2002). 

 Another important component of invertebrate habitat, typically lost through 

channelization but often ignored, is the deposition of woody debris and other organic 

matter, which provide aquatic invertebrates with an alternate substrate for colonization as 

well as a source of nutrients (Bilby and Likens 1980, Reice 1980, Bilby 1981, Quinn et 

al. 1992, Wallace et al. 1997).  Any loss of such habitat resulting from channelization 

will likely have negative effects on the invertebrate community. 

Channelization has been shown to reduce the carrying capacity of streams for fish by 

homogenizing habitat, transforming riffle-pool sequences characteristic of natural 

meandering reaches into a riverscape dominated by run or glide-type habitat (Keller 

1976, Rambaud et al. 2009) with few deep pools (Duvel et al. 1976, Nunnally and Keller 

1979, Cramer and Ackerman 2009). Although bank undercutting is accelerated by 

channelization, and stable undercut banks provide key fish habitat, riparian vegetation in 

straightened reaches is usually not sufficient to keep banks stable (Rhoads 1990, Rabeni 

and Jacobson 1993, Magoulick and Wilzbach 1997, Myers and Resh 2000).  

Efforts to mitigate habitat loss often focus on restoring individual micro-habitats via the 

placement of artificial instream features, although there is no general agreement on the 

effectiveness of such techniques (Muotka and Laasonen 2002, Roni et al. 2002, Moerke 
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et al. 2004). These methods focus on small-scale physical structure rather than large scale 

processes (Oscoz et al. 2005), which would of course be much more difficult to manage 

and likely require more resources. Examples of process restoration, although limited, are 

nevertheless available (Brookes 1987b, Iversen et al. 1993, Moerke et al. 2004), and such 

restoration projects should be considered whenever they are a feasible option. 

The Crowsnest River supports a very productive recreational salmonid fishery dominated 

by Mountain Whitefish (Prosopium williamsoni) and Rainbow Trout (Oncorhynchus 

mykiss). Although approximately 40% of the main channel of the Crowsnest River above 

Lundbreck Falls is affected by channelization, the potential fishery effects are 

unquantified. 

2.2 Objectives and Hypothesis 

This chapter will describe how salmonid and invertebrate communities use habitat in 

Crowsnest River, and assess how channelization on the Crowsnest River has altered the 

availability of that habitat and impacted these biota. Furthermore, the potential 

opportunity to mitigate the effects of channelization, through the application of a unique 

process- based restoration project, will be evaluated. Specifically, the chapter tests the 

hypothesis that channelization has reduced habitat heterogeneity, and has resulted in 

reduced abundance of both aquatic invertebrates and salmonids. 

2.3 Materials and Methods  

2.3.1 Assessment of Impacts on Habitat 

The Crowsnest River is a fifth order river (Strahler) which supports well established 
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communities of aquatic invertebrates as well as native and introduced salmonid species, 

despite being heavily impacted by channelization. I selected four study reaches (two non-

channelized, two channelized) to assess the impacts of channelization on stream habitat 

(Table 2-1).  

Table 2-1. Summary of Location and Elevation of Study Reaches (Head) Used to 

Assess Habitat, Invertebrate Biomass and Salmonid Habitat Use and Abundance. 

Site 

Name Reach Type Zone Easting Northing Elevation 

CR1 

Non-

channelized 11U 673142 5500432 1352 m 

CR2 

Non-

channelized 11U 676361 5500413 1337 m 

CR3 Channelized 11U 677409 5500781 1332 m 

CR4 Channelized 11U 681264 5500483 1312 m 

 

Because impacts resulting from channelization, such as increased sediment load and 

deposition, are likely to affect not only channelized reaches but also downstream reaches, 

the two non-channelized reaches were selected in areas upstream of the “impacted zone”, 

and the two channelized reaches were selected in areas in the up-stream most sections of 

the “impacted zone” (Figure 2-1). To ensure that study reaches were representative, all 

reach lengths were determined by a 750 m valley length, which corresponded to 

approximately 40x average wetted width (Lyons 1992). Valley length was used rather 

than stream length to account for a reduction in stream length associated with stream 

channelization. Once I selected my study reaches, photographs were taken to characterize 

bank and riparian differences among channelized and non-channelized stream reaches. 

(Figure 2-2A, 2-2B).  



30 

 

 

Figure 2-1. Map of Crowsnest River, Study Reaches and Impacted Zone. 

Prior to data collection, a suite of habitat metrics was selected based on literature, which I 

deemed to be ecologically significant for invertebrate and salmonid communities. For 

each given metric, the entire in-stream area of all four reaches was recorded to determine 

the distribution of habitat, as well as the range of values for each metric across all sites. 

Depth measurements were taken with a 1.5 m measuring stick. Velocity measurements 

were made using a surface float method (Bain and Stevenson 1999). Measurements of 

substrate were made using a Vernier caliper, and reflect the dominant substrate size of the 

patch. Embededness measurements were made from visual observation and reflect the 

average of the patch. Cover was measured from visual observation. Once the range of 

values was determined, each metric was then subdivided into ecologically significant, 

ordinal categories (Table 2-2). Using these criteria, distinct units of habitat (patches) were 

then delineated. This was done by first delineating patches, by depth, and then further 

sub-dividing those patches based on all other metrics until a mosaic of distinct patches 

had been outlined. Multiple methods were used to describe differences in habitat between 
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channelized and non-channelized reaches, facilitated by GIS. As a measure of habitat 

heterogeneity, number of total patches for non-channelized and channelized reaches were 

expressed as patches per 100 m
2
 and compared among reach types.  

 

A- Channelized reach CR4 

B- Channelized reach EF6 

Figure 2-2. Photos of Channelized Reaches and Riparian Vegetation. 

To determine how the availability and distribution of each metric within a reach was 

affected by channelization, the average proportion of patches that each individual class 

accounted for within each metric for was calculated for both channelized and non-

channelized reaches. These proportions were then compared among channelized and non-

channelized reaches using chi-square contingency table analysis to determine if the 

proportions of class within metrics were significantly different among non-channelized 

and channelized reaches. Total area available for each individual class within each habitat 

metric, per reach (750 m valley length), was calculated and compared between 

channelized and non-channelized reaches. This value was expressed as area per unit 

valley length, rather than river length, to account for the loss of habitat area as a result of 

decreased sinuosity from channel straightening.    
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Table 2-2. Habitat Metrics and Sub-Class. 

Depth Velocity Cover Embededness  Substrate 
a
 

0 cm 0-0.5 m/s Absent < 5 % Gravel 

1-20 cm 0.51-1.0 m/s Bank Undercut 5-25 % Pebble 

21-60 cm 1.01-1.5 m/s Other 
b
 25-75 % Cobble 

61-100 cm >1.5 m/s Undercut and 

Other 
c
 

 

> 75 % Boulder 

>100 cm 
      

 
a 

Values derived from (Cummins 1962) 
b 

Over head vegetation, boulder or large downed wood 
c 

Combination of bank undercut and other cover 

 

 

2.3.2 Assessment of Impacts on the Invertebrate Community 

Biomass 

To assess the impacts of channelization on the aquatic invertebrate community, the same 

four reaches described above (Table 2-1) were sampled with a variety of quantitative 

benthic techniques, using a random stratified sample design (Murphy and Willis 1996), 

with depth as the initial metric for stratification, sampling at random points generated by 

GIS. A Surber sampler was used for patches less than 60 cm in depth, any patches deeper 

than 60 cm required sampling with a D-handle kick net, and a Hess sampler was also 

used to sample patches consisting of substrate with high woody debris accumulation and 

in patches featuring little or no flow. Individual patches were considered as a sampling 

unit. To ensure adequate representation of each patch, and due to the variation in size and 

shape of patches, patch samples were composite, consisting of three sampling points 

randomly distributed within the patch. Each separate sampling point consisted of a 

30cmx30cmx10cm plot. Any large rocks (diameter > 10 cm) within the sample area were 
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scraped clean (scrapings left to drift into the sampler) and removed prior to disturbing the 

plot for a 60 second period. Samples were transferred to plastic Ziploc bags, labeled, and 

stored in a freezer until analyzed. Reaches were sampled bi-weekly during the months of 

July, August and September during fall low flows in 2010 and 2011.  

In the lab, invertebrates were identified to family, dried for 48 hours in a 60°C oven and 

weighed to the nearest 0. 1 mg to determine biomass for each patch type (habitat type) 

and reach type, which were then compared within and among channelized and non-

channelized reaches. As well as total invertebrate biomass, I included two additional 

response variables, Ephemeroptera-Plecoptera-Trichoptera (EPT) biomass and 

chironomidae biomass, in light of their importance as a food source for the salmonids in 

the Crowsnest River. Biomass was expressed as dry weight per unit area. Biomass 

estimates were Log10 transformed to improve homoscedascity of the data set, and nested 

ANOVAs were performed to determine variation in biomass among reach type and 

within sites among reach type for comparative analysis.  

Density   

To determine the relative importance of individual habitat types, I examined the density 

of habitat in the same four reaches that were examined in the habitat component of this 

study (Table 2-1, Figure 2-1). Habitat metrics hypothesized to be of greatest importance 

to the invertebrate communities were determined prior to analysis. Initially, the metrics of 

substrate and bed velocity were chosen on the basis of previous literature, but due to 

sampling logistics and a strong observed relationship between velocity and depth, depth 

was used rather than bed velocity. Since all habitats considered in these analyses were 
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available within all four study reaches, data were pooled from all reaches and total 

invertebrate, EPT, and Chironomidae biomass estimates were compared among class 

within habitat metrics with two-way ANOVAs to determine the density of various 

habitats. I included reach type (channelized/non-channelized) as a categorical variable in 

my analysis to determine if reach type had a significant effect on the invertebrate-habitat 

relationship. To compare the density of woody debris/ organic matter patches to other 

habitats, a third ANOVA was carried out to compare total biomass of woody debris/ 

organic matter patches to other classes within the metric of substrate. The data from 

channelized reaches was excluded from this analysis because this form of habitat was not 

available in channelized reaches. Prior to all analyses, biomass estimates were Log10 

transformed to improve homoscedascity of the data set. 

2.3.3 Assessment of Impacts on the Salmonid Community 

Abundance  

Snorkel Surveys were conducted on three study reaches (CR1, CR2 and CR4, see Table 

2-1, Figure 2-1) to determine salmonid abundance in channelized and non-channelized 

reaches on the Crowsnest River.  Access to resources limited snorkel surveys to only one 

snorkeler and one on shore data recorder, which on fifth order river such as the 

Crowsnest required special design considerations in order to ensure quality data. It was 

not possible for one observer to observe the entire stream width, nor was it possible to 

develop a lane by lane system due to a lack of multiple observers, therefore an alternative 

method which reduced the probability of double counts yet retained a definitive sample 

area had to be developed. After completing several trial runs, a repeatable transect line in 
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downstream progression was developed and mapped in a GIS. This transect was then 

applied with the depth patch data acquired from the habitat component of the study to 

determine which patches could be adequately observed from the transect line. Those 

patches which met the criteria were included in the sample area, those that did not were 

excluded. In late July, August, and early September a total of three underwater 

observations were made for each of the three reaches, between the hours of 10:00 and 

16:00 always under good visibility conditions ( >5 m). The observer worked in a 

downstream progression, recording species, size class and location on a large slate 

attached to their arm, stopping at pre-determined points spaced approximately 50 m apart 

to relay information to the on shore data recorder. Any fish whose behaviour appeared to 

be affected by the presence of the observer was recorded for abundance estimates, but 

was not included in the analysis of habitat use. Abundance was calculated as the mean 

value of fish/100 m
2
 from the three observational passes for each reach, and was reported 

for both juvenile and adult salmonids (>300 mm). T-tests were used to determine 

significant differences in total and adult abundance among non-channelized and 

channelized reaches. 

Habitat Use vs. Availability 

To determine habitat use by salmonids, fish locations on two non-channelized reaches 

 (CR1 and CR2, Table 2-1, Figure 2-1), were compared to randomly distributed locations 

generated by a GIS. Observations made in the channelized section (CR4) were omitted 

from these analyses due to a lack of habitat variability. Juvenile salmonids and adult 

salmonids (>300 mm), were compared to determine if these two groups used habitat 
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differently. Individual observations were considered sampling units. The number of 

random locations to be generated for comparison was determined by the average number 

of actual observations for that reach. Mean values of the three passes for each reach were 

then compared among actual and randomly generated data using t-tests to determine 

significant differences in use of individual classes within the habitat metrics of depth, 

velocity and cover. If the number of observations for each habitat type from underwater 

surveys were significantly different from those randomly generated by the GIS, I 

determined that salmonids were actively selecting for those habitats. 

Salmonid Density  

To determine the density of individual habitats with respect to the salmonid community 

of the Crowsnest River, I used data from observations performed on the two non-

channelized reaches (as described above) to determine abundance estimates (fish/100 m
2
) 

of individual classes within the habitat metrics depth, velocity and cover. As with the 

analysis of habitat use vs. availability, I divided the data into two response variables, 

juvenile salmonids and adult salmonids (>300 mm), to determine if density in various 

habitats were different among the two groups. Mean values were derived from the three 

observational passes of each reach, and compared among classes within each habitat 

metric to determine which habitats supported the greatest abundance of both total and 

adult salmonids.  

Biomass  

 I used abundance counts obtained from underwater observations to calculate salmonid 

biomass estimates for channelized and non-channelized reaches, using methods as 
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outlined by Garcia and Associates (GANDA 2008). Because lengths were not recorded 

for each individual fish, I treated all fish within a distinct size class as measuring the 

length of the mean size for that category (ie for the size class 150-300mm, all fish were 

treated as 225mm). I then applied those lengths to O. mykiss and P. williamsoni weight to 

length relationship curves which were derived from electrofishing data of the Crowsnest 

River during the summer of 2010 (Blackburn 2010) (Figure 2-3A,2-3B). Once weights 

were derived, I multiplied those estimates by the number of fish observed within each 

size class to obtain biomass estimates of salmonids for each size class.  

Figure 2-3A. O. mykiss Weight to Length 

log weight = -5.036607 + 3.0229763 x log length 

Figure 2-3B. P. williamsoni Weight to Length 

log weight = -5.665674 + 3.2639904 x log length 

Biomass (g/m
2
) was estimated for all size classes for each study reach, and ANOVAs 

were performed to test for significant variation among treatments (channelized and non-

channelized).  

2.4 Results 

2.4.1 Impacts of Channelization on Stream Habitat 

In total, 557 habitat patches were delineated throughout the 4 study reaches (Table 2-1). 

Mean number of patches/100m
2
 were higher in non-channelized reaches CR1 and CR2 

reaches (17.40 and 17.87, respectively) when compared to channelized reaches CR3 and 

CR4 (9.10 and 10.35, respectively).  Channelized reaches featured elevated, reinforced 
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banks, and had been cleared of most vegetation along the side of the river closest to urban 

development (Figure 2-2A). Riparian vegetation remained on the opposite banks, 

although many other reaches within the impacted zone which were surrounded on both 

sides by urban development, had been cleared of vegetation along both banks (Figure 2-

2B).     

Chi-square contingency analysis revealed a significant difference between channelized 

and non-channelized reaches in the proportions of individual depth classes (p=0.02, 

d.f.=4). The largest difference was the proportion of >100 cm patches, which were almost 

twice as common  in non-channelized reaches compared to channelized reaches (Figure 

2-4A). In terms of average total area per reach, non-channelized reaches featured, on 

average, 3187 m
2
  more area >100 cm depth per km of valley length than channelized 

reaches (Figure 2-4B). For the metric of substrate, only 524 of the total 557 patches were 

considered, as patches which featured a depth of 0 cm (instream islands) were not 

considered for this analysis. Chi-square contingency analysis revealed a significant 

difference in the proportions of individual classes per reach across channelized and non-

channelized reaches (p=2.39E-07, d.f.=3).  Channelized reaches featured a higher 

proportion of patches of gravel and pebble compared to that in non-channelized reaches, 

while non-channelized reaches featured a higher proportion of cobble in comparison to 

channelized reaches (Figure 2-5A). The most abundant patches for all reaches were those 

represented by cobble substrate size, with the exception of CR4, which was most 

abundantly represented by patches of pebble sized substrate (Figure 2-5B). 
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A- Average proportion of total patches per each for all depth classes 

B-Average area of patches per reach for all depth classes   

Figure 2-4. Proportion of Patches and Total Area per Reach of Depth Class across 

Reach Type. 

 

 

A- Average proportion of total patches per each for all substrate classes 

B-Average area of patches per reach for all substrate classes   

Figure 2-5. Proportion of Patches and Total Area per Reach of Substrate Class 

across Reach Type. 

A total of 520 patches were considered for the analysis of the embededness across 

channelized and non-channelized reaches. Chi-square contingency analysis revealed a 
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significant difference in the proportions of individual classes per reach across 

channelized and non-channelized reaches (p=3.68E-06, d.f.=3). The largest difference 

was observed in the proportion of patches with negligible (<5 %) embededness, with a 

higher proportion present in non-channelized reaches than in channelized reaches (Figure 

2-6A). At the opposing end of the embededness spectrum were those patches which were 

heavily (>75 %) embedded, which were more common in channelized reaches than in 

non-channelized reaches. Moderately (5-25 %) embedded substrate was the most 

common type within channelized reaches, whereas negligible embededness were the 

most common in non-channelized reaches (Figure 2-6B). 

 

A- Average proportion of total patches per each for all embededness classes 

B-Average area of patches per reach for all embededness classes   

Figure 2-6. Proportion of Patches and Total Area per Reach of Embededness Class 

across Reach Type. 

A total of 520 patches were considered for the analysis of velocity across channelized and 

non-channelized reaches. Chi-square contingency analysis revealed a significant 

difference in the proportions of individual classes per reach across channelized and non-
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channelized reaches (p=6.09E-10, d.f.=3). Non-channelized reaches contained 

approximately triple the proportion of low velocity(<0.5 m/s)  habitat found in 

channelized reaches, whereas, moderate (0.51-1.0 m/s) velocity patches were the most 

common type within channelized reaches(Figure 2-7A & 2-7B). 

 

 A- Average proportion of total patches per each for all velocity classes 

B- Average area of patches per reach for all velocity classes   

Figure 2-7. Proportion of Patches and Total Area per Reach of Velocity Class across 

Reach Type. 

For the final habitat metric investigated in this study, cover value, 524 patches were 

considered for the analysis. Chi-square contingency analysis revealed a significant 

difference in the proportions of individual classes per reach across channelized and non-

channelized reaches (p=3.36E-06, d.f.=3). Non-channelized reaches featured 

proportionately four times greater the number of patches which had both forms of cover 

and two times the number of patches which featured only bank undercut cover, compared 

to channelized reaches (Figure 2-8A). 
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A- Average proportion of total patches per each for all depth classes 
a 
Over head vegetation, boulder or large downed wood 

b 
Combination of bank undercut and other cover 

Figure 2-8. Proportion of Patches of Cover Class across Reach Type. 

2.4.2 Impacts of Channelization on the Invertebrate Community  

Density  

Two-way ANOVA used to determine the effect of depth on the three response variables 

revealed significant variation in total invertebrate biomass (F5,110=9.44, p<0.0001), EPT 

biomass (F2,110=7.73,p<0.0001) and chironomidae biomass (F5,110=3.21,p=0.0096) among 

classes. An interaction term was included in each analysis to determine if reach type had 

an effect on the relationship among depth and biomass, and was in each circumstance not 

significant. Total invertebrate biomass was significantly higher in patches of 1-20cm 

depth compared to depths of 20-60 cm (p<0.0001) and depths of 60-100 cm (p=0.0189), 

as determined from post hoc Tukey analysis following the initial ANOVA (Figure 2-9A). 

EPT biomass exhibited a similar trend, with biomass at depths of 1-20cm significantly 
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greater than both 20-60cm (p<0.0001) and 60-100cm (p=.0022) depths, determined from 

post hoc Tukey analysis following the initial ANOVA (Figure 2-9B). Chironomidae 

biomass was also highest at the shallowest depths of 1-20cm, however only significantly 

so when compared to depths of 60-100 cm (p=0.0407), as determined from post hoc 

Tukey analysis following the initial ANOVA (Figure 2-9C).   

 

 A-Total Invertebrate Biomass 

B-EPT Biomass 

C-Chironomidae Biomass 

C=Channelized, N-C=Non-Channelized 

Figure 2-9. Invertebrate Biomass, by Depth and Reach Type. 

Two-way ANOVA used to determine the effect of substrate on the three response 

variables revealed significant variation in total invertebrate biomass (F7,108=6.01, 

p<0.0001), EPT biomass (F7,108=4.28,p=0.0003) and chironomidae biomass 

(F7,108=8.73,p<0.0001) among classes. An interaction term was included in each analysis 

to determine if reach type had an effect on the relationship among substrate and biomass, 

and was in each circumstance not significant. Total invertebrate biomass was highest in 

pebble sized substrate, and was significantly lower in boulder sized substrate when 

compared to pebble (p=0.0019), gravel (p=0.0231) and cobble (p=0.0225) sized substrate 
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determined from post hoc Tukey analysis following the initial ANOVA (Figure 2-10A). 

EPT biomass was also highest in pebble sized substrate, and significantly lower in 

boulder sized substrate compared to pebble (p=0.0010), cobble (p=0.0091) and gravel 

(p=0.0486) sized substrates determined from post hoc Tukey analysis following the 

initial ANOVA (Figure 2-10B). Chironomidae biomass was highest in gravel sized 

substrate, and was significantly higher in gravel sized substrate compared to boulder 

(p<0.0001), cobble (p<0.0001) and pebble (p=0.0001) sized substrates determined by 

post hoc Tukey analysis following the initial ANOVA (Figure 2-10C). 

 
A-Total Invertebrate Biomass 

B-EPT Biomass 

C-Chironomidae Biomass 

C=Channelized, N-C=Non-Channelized 

Figure 2-10. Invertebrate Biomass, by Substrate and Reach Type. 

Total invertebrate biomass in patches with woody debris/ organic matter depositions were 

higher than in patches lacking such deposition, post-hoc Tukey analysis revealed 

estimates of these patches to be significantly higher than patches with gravel (p=0.0047), 

pebble (p=0.0022), cobble (p=0.0002) and boulder (p<0.0001) sized substrates (ANOVA, 

F4,131=10.59, p<0.0001). 
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Impacts of Channelization on Biomass 

In total, 18721 aquatic invertebrates were collected, representing 24 distinct families, 

from a sample size of 148 habitat patches. Biomass estimates from pooled invertebrate 

data for each of the four study reaches are available in Table 2-3.  

Table 2-3. Total Invertebrate, EPT and Chironomidae Biomass by Reach. 

Site Name Reach Type 

Total 

Invertebrate 

Biomass 

(g/m
2
) 

EPT  Biomass 

(g/m
2
) 

Chironomidae 

Biomass 

(g/m
2
) 

CR1 

Non-

channelized 0.60 ± 0.09 0.44 ± 0.08 0.019 ± 0.001 

CR2 

Non-

channelized 0.70 ± 0.08 0.44 ± 0.06 0.021 ± 0.001 

CR3 Channelized 0.26 ± 0.03 0.17 ± 0.02 0.005 ± 0.001 

CR4 Channelized 0.40 ± 0.08 0.28 ± 0.05 0.006 ± 0.002 
 

*Average biomass (g/m
2
)/reach ± 1 s.e. 

Nested ANOVA (CR1, CR2 nested within non-channelized, CR3, CR4 nested within 

channelized), revealed a significant variation in the three response variables, total 

invertebrate, EPT and chironomidae biomass, among reach types (F3,128=12.73, 

p<0.0001, F3,112=6.99, p=0.0002, F3,112=2.94, p=0.0361, respectively). When testing for 

variation in biomass among sites within reach types, no significant differences were 

found for any of the response variables, total invertebrates, EPT or chironomidae 

(p=0.0791, p=0.1020, p=0.9781, respectively).  

2.4.3 Impacts of Channelization on the Salmonid Community 

Habitat Use vs. Availability 

A total of 436 observations of salmonid habitat use were made throughout six 
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observational surveys. At site CR1, juvenile salmonids were observed using the deepest 

depths (>100 cm) more than what would be expected from the given availability of 

habitat (t-test, p=0.0447, df=3). Similarly, adult salmonids were also observed using the 

deepest depths more than what would be expected from the given availability of habitat 

(t-test, p=0.0600, df=3), however significant only with 90% confidence. For all other 

depths, both total juvenile and adult salmonids were observed using habitat less often or 

equal to what would be expected from the given availability of habitat (Table 2-4). For 

site CR2 I found similar results, with both total salmonids (t-test, p=0.0072, df=3) and 

adult salmonids (t-test, p=0.0124, df=3) being observed using the deepest depths more 

than what would be expected from the given availability of habitat. For all other depths, 

both total salmonids and adult salmonids were observed using habitat less often or equal 

to what would be expected from the given availability of habitat, which was also 

consistent with observations from site CR1 (Table 2-4). 

Table 2-4. Underwater Observations of Depth Habitat Use per Reach and 

Randomly Generated Locations of Juvenile and Adult Salmonids. 

   

Juvenile Salmonid Use 

  

Adult Salmonid Use 

Site 

Name Depth 

 

Snorkel 

Observation 

Random 

Generated*   

 

Snorkel 

Observation 

Random 

Generated* 

                  

CR1 

20-60 cm 

 

1.67 ± 0.33 13.00± 1.52   

 

0.00 ± 0.00 11.33 ± 0.88 

60-100 cm 

 

4.00 ± 1.50 7.00 ± 1.73   

 

4.00 ± 0.58 5.00 ± 1.53 

>100 cm 

 

25.00 ± 3.40 11.00 ± 1.15   

 

27.33 ± 3.53 15.67 ± 2.40 

                  

                  

CR2 

20-60cm 

 

6.67 ± 0.33 15.67 ± 2.40   

 

0.00 ± 0.00 7.67 ± 1.76 

60-100cm 

 

10.33 ± 0.88 27.33 ± 3.33   

 

4.33 ± 0.67 9.33 ± 1.86 

>100cm 

 

43.00 ± 3.05 17.00 ± 1.15   

 

19.00 ± 2.08 6.00 ± 1.00 

 

*fish locations randomly distributed among patches which were included in underwater snorkel 

observations 
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Use of velocity habitat at site CR1 revealed a preference among adult salmonids for low 

(<0.5 m/s) velocities, with fish being observed using these velocities more than what 

would be expected from the given availability of habitat (t-test, p=0.0039, df=3). 

Similarly, juvenile salmonids were also observed using low velocities more than what 

would be expected from the given availability of habitat, however this difference was 

significant only with 90% confidence (t-test, p=0.0669, df=3). For all other velocities, 

both juvenile and adult salmonids were observed using habitat less often or equal to what 

would be expected from the given availability of habitat (Table 2-5).  

Table 2-5. Underwater Observations of Velocity Habitat Use per Reach and 

Randomly Generated Locations of Juvenile and Adult Salmonids. 

   

Juvenile Salmonid Use 

 

  

Adult Salmonid Use 

 

 Site 

Name Velocity   
Snorkel 

Observation 

Random 

Generated*   

 

Snorkel 

Observation 

Random 

Generated*   

                    

CR1 

<0.5 m/s   17.67 ± 3.18 6.00 ± 0.00   

 

20.30 ± 1.20 8.67 ± 1.45   

0.5-1.0 m/s   1.33 ± 0.33 2.67 ± 0.88   

 

0.67 ± 0.67 2.67 ± 0.33   

1.0-1.5 m/s   10.33 ± 2.33 20.00 ± 1.53   

 

9.67 ± 2.67 18.33 ± 1.20   

>1.5 m/s   2.33 ± 2.33 2.33 ± 1.20   

 

1.00 ± 0.00 2.33 ± 0.67   
                    
                    

CR2 

<0.5 m/s   39.00 ± 3.51 13.33 ± 1.86   

 

15.67 ± 3.28 4.33 ± 0.67   

0.5-1.0 m/s   5.33 ± 2.02 12.00 ± 2.52   

 

0.33 ± 0.33 8.00 ± 1.73   

1.0-1.5 m/s   15.33 ± 2.03 35.33 ± 2.84   

 

7.00 ± 2.08 10.00 ± 1.53   

>1.5 m/s   0.33 ± 0.33 0.67 ± 0.67   

 

0.33 ± 0.33 0.00 ± 0.00   
 

*fish locations randomly distributed among patches which were included in underwater snorkel 

observations 

 

For site CR2, juvenile salmonids were observed using pool velocities more than what 

would be expected from the given availability of habitat (t-test, p=0.0072, df=3). Adult 

salmonids were also observed using low velocities more than what would be expected 
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from the given availability of habitat (t-test, p=0.0668, df=3), however the difference 

being significant only with 90% confidence. For all other velocities, both juvenile and 

adult salmonids were observed using habitat less often or equal to what would be 

expected from the given availability of habitat (Table 2-5). 

Use of cover habitat at site CR1 revealed no significant preference among juvenile or 

adult salmonids for any cover habitat above what would be expected from habitat 

availability. 

Table 2-6. Underwater Observations of Cover Habitat Use per Reach and 

Randomly Generated Locations of Juvenile and Adult Salmonids. 

   

Juvenile Salmonid Use Adult Salmonid Use                         

Site Cover 

 

Snorkel 

Observation 

Random 

Generated*   

 

Snorkel 

Observation 

Random 

Generated* 

                  

CR1 

no cover 

 

0.00 ± 0.00 1.33 ± 1.45   

 

0.00 ± 0.00 3.00 ± 0.58 

undercut 

 

24.00 ± 6.93 22.67 ± 1.86   

 

28.33 ± 2.85 20.67 ± 1.20 

other 
a
 

 

2.33 ± 1.86 3.00 ± 1.53   

 

0.67 ± 0.33 2.00 ± 1.52 

undercut and 

other 
b
 

 

5.67 ± 1.20 4.00 ± 0.58   
 

2.33 ± 1.45 6.33 ± 1.45 

 

*fish locations randomly distributed among patches which were included in underwater snorkel 

observations 
a 
over head vegetation, boulder or large downed wood 

For all other cover habitat, both juvenile and adult salmonids were observed using habitat 

less often or approximately equal to what would be expected from the given availability 

of habitat (Table 2-6). 

Salmonid Density and Biomass 

In total, 273 habitat patches spanning 30630 m
2
 were observed and included in the 
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analysis of productive capacity of depth and velocity habitats. At both sites CR1 and 

CR2, depths of >100 cm produced the highest amount of total fish/100m
2
, with the 

deepest depths at CR1 producing an average 2.74 (± 0.15) fish/100 m
2
 and at CR2 

producing an average 3.36 (± 0.16) fish/100 m
2
. Depths greater than 100 cm also 

produced the highest amount of adult salmonids at both sites CR1 and CR2, producing an 

average of 1.43 (± 0.18) and 1.03 (± 0.11) fish/100 m
2
, respectively. The shallowest of 

depths (20-60 cm) in both CR1 and CR2 produced the lowest numbers of juveniles (0.09 

± 0.01 and 0.45 ± 0.02 fish/100 m
2
, respectively), and contained no adults in any of the 

underwater observations at either sites (Figure 2-11).  

 
*Average abundance (fish/100m

2
) ± 1 s.e.  

Figure 2-11. Juvenile and Adult Salmonid Density of Depth Class. 

Within the various velocity classes, low velocities (<0.5 m/s) produced the highest 

number of juvenile salmonids at site CR1 (1.40 ± 0.25 fish/100 m
2
) and CR2 (3.31 ± 0.30 

fish/100 m
2
). Similarly, these same low velocities also produced the highest numbers of 
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adult salmonids at CR1 (1.61 ± 0.10 fish/100 m
2
) as well as CR2 (1.32 ± 0.28 fish/100 

m
2
) (Figure 2-12).  

 

*Average abundance (fish/100m
2
) ± 1 s.e. 

Figure 2-12. Juvenile and Adult Salmonid Density of Velocity Class. 

 

*Average abundance (fish/100m
2
) ± 1 s.e. 

Figure 2-13. Juvenile and Adult Salmonid Density of Cover Class. 
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A total of 132 patches covering 13290 m
2
 were observed and included in the analysis of 

salmonid density of cover habitats. At site CR1, habitat patches with access to only bank 

undercut habitat produced the greatest number of both juvenile (0.85 ± 0.25 fish/100 m
2
) 

and adult (1.01 ± 0.10 fish/100 m
2
) salmonids (Figure 2-13). 

Impacts of Channelization on Abundance  

A total of 537 fish were observed throughout the study period. Total fish abundance was 

significantly higher in both CR1 (t-test, p=0.0006) and CR2 (t-test, p<0.0001) (non-

channelized reaches) when compared to that of CR4 (channelized reach). Similarly, adult 

abundance was significantly higher in both CR1 and CR2 in comparison to that of CR4 

(t-test, p<0.0001, p=0.0006, respectively) (Figure 2-14). 

 

*Average abundance (fish/100m2)/reach ± 1 s.e. 

** CR1 and CR2 non-channelized, CR4 channelized 

Figure 2-14. Juvenile and Adult Salmonid Abundance by Reach. 

For CR1 (non-channelized), an average of 1.43 (± 0.10) total fish/100 m
2 

was estimated 

after three passes, with the adults of the population accounting for 0.71 (± 0.07) fish/100 
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m
2
. Total abundance for CR2 (non-channelized) was higher than in CR1, supporting an 

average 1.88 (± 0.07) fish/100 m
2
, however featured fewer adults (0.53 ± 0.07 

fish/100m
2
) compared to its non-channelized counterpart.CR4 (channelized) featured the 

lowest total abundance (0.73 ± 0.05 fish/100 m
2
) and adult abundance (0.06 ± 0.01 

fish/100 m
2
), among the three sites. 

ANOVA revealed significant variation in total fish biomass across the three study sites 

(F2,8=52.58,p=0.0002) (Figure 2-15). Post-Hoc Tukey analysis was used to compare all 

pairs, and revealed site CR4 (channelized reach) featured significantly lower biomass 

than either CR1 (p=0.0002) or CR2 (p=0.0005) (non-channelized reaches).  

 

*Average biomass (g/100m2)/reach ± 1 s.e. 

** CR1 and CR2 non-channelized, CR4 channelized 

Figure 2-15. Average Salmonid Biomass by Reach. 

2.5 Discussion 

2.5.1 Impacts of Channelization on the Stream Habitat 

Channelized reaches featured decreased total habitat patch diversity and patch 

abundance. Compared to the non-channelized meandering reaches, channelized reaches 
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were monotonous in composition, and where any habitat variation did occur seemed to be 

due to processes caused by instream islands resulting from increased deposition rather 

than from a meandering flow. Riparian vegetation had been removed from most banks of 

channelized reaches. The banks in channelized reaches were also elevated and reinforced 

with rip-rap in certain areas where erosion appeared to be at its worst. The effects of 

stream channelization were apparent across each habitat metric I investigated. 

Depth seemed to demonstrate the effects of channelization on stream habitat better than 

any other metric. This was due to not only a lack of deep patches (>100cm), which is 

commonly reported in the literature (Emerson 1971, Duvel et al. 1976, Keller 1976, 

Chapman and Knudsen 1980, Brooker 1985, Brookes 1985, Lau et al. 2006), but also a 

lack of the shallowest patches (<20 cm) in channelized reaches. From personal 

observations, it was apparent that the lack of pool habitat in these sections was due to a 

lack of stream processes which normally result from meandering morphology (Nunnally 

and Keller 1979, Nunnally 1985). Several mid-channel islands had formed in multiple 

locations along the channelized reaches as a result of prolonged exposure to increased 

sediment deposition, which altered the course of the flow and created some deep patches 

via scouring, as well as some shallower patches which had formed along the perimeter of 

the islands. Apart from these localized areas, channelized reaches featured mostly mid-

range, glide-like depths, which has also been reported quite extensively in the literature 

(Emerson 1971, Duvel et al. 1976, Keller 1976, Chapman and Knudsen 1980, Brooker 

1985, Brookes 1985, Lau et al. 2006). 

With respect to the impacts of stream channelization on substrate revealed in this study, 

similar findings are offered from Smiley and Dibble (2006), who reported an increase in 
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percentage of gravel and smaller sized substrates, and a decrease in woody debris and 

leaf litter in channelized streams compared to non-channelized streams (Smiley and 

Dibble 2008). The absence of woody debris depositions was likely in part due to a 

reduction of adjacent bankside vegetation. Finally, channelized reaches featured a higher 

percentage of boulder sized substrates compared to non-channelized reaches, however, 

rip-rap used to fortify the banks of channelized reaches accounted for most of the boulder 

sized substrates in these reaches.  

The degree of embededness among patches was also significantly different among 

channelized and non-channelized reaches.. While many studies have reported similar 

results to mine, in relation to embededness following recent channelization (1-20 years), 

my findings would suggest that these effects may be persistent over much longer periods 

of time (80-100 years). Patches which were severely embedded in the non-channelized 

reaches were mostly pools and backwaters, as one would expect as these habitats are 

generally separated from the main stream flow to some degree (Nunnally 1985, Rabeni 

and Jacobson 1993). However, in channelized reaches it was the glide-like habitats, 

exposed to similar flow as every other patch present in the stream, which accounted for 

those severely embedded patches, demonstrating the reduction of stream power in 

channelized reaches and the inherent net deposition of sediment during fall low flows, as 

previously found by Landwehr and Rhoads (Landwehr and Rhoads 2003). 

The proportion of different habitat patch velocities was significantly different among 

channelized and non-channelized stream reaches. In non-channelized reaches, the spectra 

of various velocities considered for this study was relatively evenly distributed among 

low (<0.5 m/s), moderate (0.5-1.0 m/s), and high (1.0-1.5 m/s) velocities, with only few 
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patches characterized by very high (>1.5 m/s) velocities. Channelized sections were not 

characterized by such an even distribution, but rather featured a very high percentage of 

patches with moderate velocities, accounting for more than half of the proportion of all 

patches in the channelized reaches (approximately double the percentage of non-

channelized reaches). These results support findings by Nunnally (1979) and Brookes et 

al. (1983) who reported uniform and weakened fall flows in streams post-channelization 

(Nunnally and Keller 1979, Brookes et al. 1983). Channelized reaches also featured a 

very low proportion of depositional areas, which likely inhibits any opportunity for 

upstream sources of woody debris and organic matter to accumulate in these reaches 

(Webster et al. 1994, Daniels 2006). Along with a lack of adjacent riparian vegetation, 

this could certainly help explain the total absence of woody debris deposits from 

channelized sections. 

Lastly of the habitat metrics considered in this study, the ratio of the various forms of 

cover differed significantly among channelized and non-channelized stream reaches. 

Habitat patches which featured cover in the form of bank undercut were much fewer, 

proportionately, in channelized reaches, which was to be expected due to the unstable 

nature of channelized stream banks (Rhoads 1990). Surprisingly, channelized reaches 

featured a higher percentage of habitats with other forms of cover, which I characterize 

here as overhanging vegetation, boulders or other large artificial features on the stream 

bed which broke the surface of the water. I attribute this to the fact that although non-

channelized reaches featured more adjacent riparian vegetation, this vegetation rarely 

provided cover directly above the stream (perpendicular to the water surface), and as such 

was not considered as overhead cover. Furthermore, artificial features such as concrete 
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rip-rap provided adequate instream cover and as such were treated within the designation 

of other cover features, but were not present in non-channelized reaches.  

2.5.2 Impacts of Channelization on the Invertebrate Community 

Density   

We compared the three response variables (total invertebrate biomass, EPT biomass, 

chironomidae biomass) individually among the various classes of two predetermined 

habitat metrics (depth and substrate), and found significant variation among each 

response variable for both metrics. My analysis of the biological density of patches of 

various depths revealed the highest biomass estimates for each of the three response 

groups in the shallowest depths (1-20 cm), which was consistent across both channelized 

and non-channelized reaches. This preference for shallow habitat was expected among 

the chironomids, who as deposit collectors are known to prefer shallow, slow moving, 

depositional habitat (Hynes 1970, Clifford 1991), however, was somewhat surprising for 

the EPT group. Members of this group, such as Perlidae, Chloroperlidae and 

Hydropsychidae, which were all abundant in my samples, have all been known to prefer 

swifter flows (Brusven and Prather 1974, Wallace and Merritt 1980, Jenkins et al. 1984), 

and as such I anticipated higher biomass estimates for this group in deeper habitats. One 

possible explanation for this could be that while I note that depth and velocity were 

correlated in this study, these velocity measurements were taken from the surface of the 

stream and not the surface of the substrate, therefore the differences I observed in surface 

velocity among shallow (1-20 cm) and moderate (21-60 cm) depths may not have been 



57 

 

present along the stream bed, where they likely have a greater effect on benthic 

invertebrates. 

Also consistent among channelized and non-channelized reaches, and also among total, 

EPT, and Chironomidae biomass, was that the lowest biomass estimates were observed in 

the deep patches. One explanation for this difference is the increased susceptibility of 

invertebrates to being carried away from the benthos and becoming drift, in deeper, 

swifter habitat (Waters 1965). Another possible explanation for higher invertebrate 

biomass in the shallow patches could be due to an increase in primary productivity. 

Although no direct measurements of periphyton growth along the substrate were made 

(due to large fluctuations throughout the sampling season), from personal observations it 

was apparent that the presence of such accumulations were more common in shallow 

patches than in deep patches. Invertebrate productivity has been shown to be positively 

correlated with periphyton growth (Feminella and Hawkins 1995), and as such may 

explain the low biomass estimates in habitats lacking this resource. 

As I previously stated, my analysis of the density of patches of various substrate types 

revealed significant variation among classes for each of the three response variables. For 

total invertebrates and EPT, mean biomass was highest in pebble substrate, and for 

Chironomidae, mean biomass was highest in gravel or finer substrate.  These findings are 

consistent with previous research, which have noted high abundances of Chironomidae in 

fine or even embedded substrates, while larger members of Ephemeroptera, Plecoptera 

and Trichoptera prefer larger and cleaner substrates (Brusven and Prather 1974, Jenkins 

et al. 1984). Although it was expected that EPT biomass would be highest in substrate 

sizes larger than what produced the highest biomass estimates for Chironomidae, it was 
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nevertheless surprising that boulder substrates produced significantly lower biomass 

estimates then all other substrate types. This would seem to contradict previous literature 

which suggests that larger invertebrates such as Plecoptera and Trichoptera prefer larger 

substrates which offer greater interstitial spaces and well oxygenated flow (Wallace and 

Merritt 1980, Brusven and Rose 1981). Perhaps the association of boulder substrates with 

deep water in the Crowsnest favours salmonids, resulting in predation and reduced EPT 

biomass. 

The overall effect of substrate types on biomass estimates was not significantly different 

across channelized and non-channelized, however, there was a significant difference in 

the biomass of total invertebrates in gravel sized substrate. This difference is quite 

interesting, as it is the result of gravel or finer habitats in channelized reaches featuring 

the second lowest of biomass estimates of all the substrate types, but featuring the highest 

biomass estimates of all the substrate types in non-channelized reaches. These types of 

fine substrate habitat patches are most commonly found in depositional areas with low 

velocities (personal observation), and I theorized that they may be playing a key role as 

flow refugia for aquatic invertebrates. If this theory is true, then it may help explain why 

these patches feature higher biomass of total invertebrates than any other substrate type in 

non-channelized reaches (excluding woody debris/ organic matter patches), as it has been 

reported that refugia habitat exhibit an increase in aquatic invertebrate abundance 

following the occurrence of high flow events (Lancaster and Hildrew 1993). Although I 

did not only sample these patches following the occurrence of freshets, the frequent 

occurrence of such events throughout the season may have been a factor in the high 

biomass estimates of these patches. However, this would not explain why gravel or finer 
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substrate patches do not feature equally high biomass estimates in channelized reaches, 

where they in fact produce the second lowest biomass among substrate types. For this I 

offer an explanation which involves the degree of embededness of patches in channelized 

reaches. We’ve previously shown that channelized reaches featured a greater proportion 

of slightly, moderately and severely embedded patches than non-channelized reaches, 

demonstrating the effects of increased sedimentation in channelized reaches. 

Furthermore, as I have implied that these gravel and finer substrate patches are mostly 

associated with depositional environments, it follows that these patches are also likely to 

experience high degrees of embededness, relative to others in the reach. Invertebrates are 

not likely able to burrow into highly embedded gravel and thereby escape the high flows 

in the channelized reaches. Consequently, their biomass is reduced. 

The habitats which featured the highest total invertebrate and EPT biomass estimates 

were the woody debris/organic matter deposition patches. These patches were comprised 

of all types of woody debris, sediment, dislodged macrophytes and many other forms of 

allochthonous input which create a unique substrate for colonization as well as a nutrient 

source for a wide variety of invertebrates (Reice 1980, Wallace and Merritt 1980). These 

patches  were also limited to depositional environments, likely making them important 

sources of flow refugia.  

Impacts of Channelization on Invertebrate Biomass 

As I hypothesized, mean biomass (g/m
2
) of total Invertebrates, EPT, and Chironomidae 

pooled across all habitat types, were each significantly higher in non-channelized reaches 

of the Crowsnest River when compared to channelized reaches. From my results 
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characterizing the effects of channelization on habitat, coupled with data describing 

aquatic invertebrate habitat density which was just summarized, I offer a number of 

possible explanations for the reduction in biomass found in channelized reaches; 

The total area of patches of 1-20 cm depths per 750 m of valley length account for 3505 

m
2 

in non-channelized reaches, and only 1520 m
2
 in channelized reaches (Figure 2-4B). 

Patches of 1-20 cm depths support significantly higher total invertebrate biomass than 

any other depth in the Crowsnest River (Figure 2-9), and as such, this drastic loss of 

habitat (1985 m
2
) is potentially detrimental to the invertebrate community.  

The habitat patches which held the highest density, in terms of total invertebrate biomass, 

among all patches considered in this study were the woody debris/ organic matter 

patches. A combination of diverse habitat for colonization, high nutrient value, and being 

located in areas of the stream which offer refuge from high flow events make these 

unique habitats a crucial component of habitat for invertebrate communities (Bilby and 

Likens 1980, Reice 1980, Wallace and Merritt 1980, Negishi et al. 2002). These patches 

account for an average 1088 m
2
 of highly productive habitat in non-channelized reaches 

but are completely absent from channelized reaches. This absence from channelized 

reaches is likely the result of a reduction of inputs from lateral riparian sources as well as 

a lack of habitat which is depositional in nature throughout the seasons, and could 

certainly be an important factor in explaining why non-channelized reaches feature 

higher biomass than channelized reaches. 

Another possible explanation for the reduced invertebrate biomass estimates observed in 

channelized stream reaches becomes apparent when we consider the role of flow refugia 
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as it applies to aquatic invertebrate communities. Flow refugia offer protection from high 

flows, during either spring runoff or individual high flow events, where most 

invertebrates would otherwise become quite susceptible to being swept away downstream 

by the increased flow (Waters 1965). It then follows, that the ability of an invertebrate 

community to re-colonize a stream reach could be partially reliant on the occurrence of 

flow refugia within that reach. This was found to be true by Negishi et al. (2002), who 

reported that aquatic invertebrates were able to re-colonize riffle and run habitats more 

effectively if refugia habitat was present in the reach than if refugia were absent from the 

reach (Negishi et al. 2002). In the preceding paragraphs I have demonstrated that habitat 

which could qualify as invertebrate flow refugia, such as woody debris/ organic matter 

patches or patches with gravel or finer substrate, are either completely absent or have 

possibly been rendered ineffective due to sedimentation and embededness in channelized 

reaches. As such, it is possible that invertebrate communities in channelized reaches are 

simply not able to recover from spring runoff or other high flow events, or at least not to 

the degree to which they can in non-channelized reaches, which may then explain why 

non-channelized stream reaches feature higher invertebrate biomass than do channelized 

reaches.   

2.5.3 Impacts of Channelization on the Salmonid Community 

Use vs Availability and Salmonid Density in Various Habitats 

To determine if salmonids were using habitat unequivocally to what would be expected 

from habitat availability, I compared my underwater observations of habitat use by 

salmonids to randomly generated fish positions. I first looked at how the total salmonid 
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population utilized habitat patches of various depths, and found that salmonids were 

observed using the deepest depths (>100 cm) almost twice as often as was expected from 

habitat availability at site CR1, and nearly three times as often at site CR2. For all other 

depths, and across both study reaches, I found total salmonids used habitat less often than 

what would have been expected from availability. I then broke down the data to examine 

only adult  (>300 mm) habitat use and found the same trends, with adults using the 

greatest depths more often and using all other depths less often than what was expected 

from the availability of habitat in both reaches. To strengthen my analysis, I also 

calculated the density of each depth across both study reaches, and found that the greatest 

depths also contained the highest numbers of fish/100m
2
 for both juvenile salmonids as 

well as adult salmonids across both CR1 and CR2 reaches. 

These results were not surprising to find with respect to the adult response group, as 

many others have revealed greater usage and noted higher carrying capacity of deeper 

habitats among both O. mykiss and P. williamsoni (DosSantos 1985, McPhail and Troffe 

1988, Cramer and Ackerman 2009). However, with respect to the juvenile population 

(<300 mm), I expected to find a much more even distribution among various depths as 

both juvenile O. mykiss and P. williamsoni  generally prefer shallower habitats which 

present less competition from adults (Pettit and Wallace 1975, Grant and Kramer 1990). 

These somewhat surprising findings, with respect to juveniles, were likely the result of a 

strong schooling behavior which was observed among P. williamsoni in the Crowsnest 

River.  Schooling behavior is not common among salmonid species, and as such, optimal 

habitat patches are often found to be occupied by one larger individual who will defend 

that stream position from other individuals (Johnsson et al. 2004). However, P. 
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williamsoni are one such exception to this phenomenon, and adults and juveniles can 

often be found congregating in deep pools (Davies and Thompson 1976, McPhail and 

Troffe 1988), making these deeper habitats of equal importance to P. williamsoni of all 

size classes. Furthermore, although much less common, these congregations on occasion 

contained a number of juvenile O. mykiss, indicating that juveniles of both dominant 

species in the Crowsnest River were utilizing these deeper habitats. 

When I analyzed habitat use vs. availability among the various classes of velocity habitat, 

I found that all salmonids seemed to actively select for the slowest velocities ( <0.5 m/s), 

and that these velocities were also associated with higher salmonid density than any 

other. Results such as these are characteristic of many P. williamsoni populations who 

seem to prefer slower moving habitats (DosSantos 1985, McPhail and Troffe 1988). With 

respect to O. mykiss however, these results are somewhat surprising, as I anticipated a 

greater preference for faster moving habitats among these individuals, which should have 

produced a more even distribution of habitat use observed among the total population. 

Similar to my depth metric results, I attribute this to the schooling behaviour of P. 

williamsoni in pools, and the fact that this behaviour seems to be shared, at least to some 

degree, with the symbiotic juvenile O. mykiss. 

The final habitat metric I analyzed with respect to the salmonid community was cover 

value of habitat. Undercut habitat contained the highest salmonid density among all cover 

classes considered, demonstrating the importance of such cover features. Another notable 

observation, with respect to the importance of cover, was that not a single fish was ever 

observed using a habitat patch which featured no cover. These results support the work of 

many others who have demonstrated a preference among various species of salmonids for 
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cover features, and specifically a strong preference for bank undercut cover (Magoulick 

and Wilzbach 1997, Myers and Resh 2000). 

Impacts of Channelization on Salmonid Abundance and Biomass 

Non-channelized reaches CR1 and CR2 both featured significantly higher total and adult 

salmonid abundance (fish/100m
2
) than the channelized CR4, as I hypothesized. 

Furthermore, when I compared biomass estimates from non-channelized reaches vs 

channelized reaches, I found that both unaffected reaches featured significantly higher 

salmonid biomass estimates than the channelized reach. These findings support much of 

the previous work which has attempted to link the effects of channelization induced 

degradation of habitat to impacts on fish communities. However, much of the existing 

body of work has focused on describing only the impacts to habitat and then making 

inference to how this may be linked to changes in the fish community based on known 

habitat preferences from the literature or using existing habitat indices. While I included 

some analysis similar to these (impacts on salmonid biomass), here I have also used my 

“in situ” observations of salmonid habitat use to make more direct linkages as to how this 

habitat loss associated with channelization is impacting the salmonid community of the 

Crowsnest River (impacts on salmonid abundance). 

The greatest disparity in habitat among channelized and non-channelized stream reaches, 

with respect to the salmonid community, was the presence of deep (>100 cm) and slow 

velocity (<0.5 m/s) habitat patches (pools), as outlined in my results of the impacts of 

channelization on instream habitat. I have determined that not only were these habitats 

used more frequently than would be expected from their availability (inferring selection 
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of these habitats), but they also presented the greatest density among all types of patches 

considered. It follows, that this lack of high capacity and actively selected-for habitat in 

channelized streams is likely a large contributing factor to the reduced abundance of 

salmonids observed in these reaches. These results seem to support much of the past 

research undertaken in describing the ecological effects of channelization on fish 

communities, which often attribute the greatest losses to a reduction of pool habitat in 

channelized reaches (Emerson 1971, Keller 1976, Nunnally and Keller 1979, Brookes et 

al. 1983, Lau et al. 2006). However, research which has specifically focused on the 

impacts of channelization on salmonid communities have commonly reported that this 

loss of pool habitat affects only the adults of the population, leading to only insignificant 

effects on juveniles which are presumably unable to compete for such optimal habitat as 

pools (Duvel et al. 1976, Chapman and Knudsen 1980). In the current study, I have 

determined that these affects are not limited only to the adults of the population, but 

rather affect the population as a whole (juveniles included), which would appear to be 

somewhat contradictory to past studies. I attribute this contradiction to the fact that these 

optimal habitats are not limited only to the adult salmonid population of the Crowsnest 

River, but are rather used by all members of the population, and I conclude that these 

results may be unique to populations which exhibit schooling behavior. P. williamsoni 

are among the most commonly occurring fish along the eastern slopes of the Rocky 

Mountains, but unlike most other species of salmonids common to this region, exhibit 

strong schooling behavior (Davies and Thompson 1976, DosSantos 1985, McPhail and 

Troffe 1988). I therefore propose that the effects of channelization are likely of greater 

consequence to P. williamsoni populations, as they are likely to affect not only adults, but 
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also younger age classes, which in turn may affect recruitment and lead to profound 

effects on the persistence of P. williamsoni populations. 

Although not likely to have such pronounced effects on the salmonid population as the 

loss of deep and slow moving habitat, the reduction of bank undercut cover may also be a 

noteworthy contributor to the diminished abundance of salmonids in channelized reaches. 

As I reported previously, due to a lack of riparian vegetation and its associated root 

matrices in channelized reaches, stream banks in such impacted areas are unstable, which 

inhibits the creation of bank undercuts. Habitat such as this plays an important role as 

refuge from overhead predation, and is therefore thought to be a preferred form of habitat 

among many salmonid species (Myers and Resh 2000, Johnsson et al. 2004). In the 

absence of cover, the risk of predation may outweigh the potential benefits of even 

optimal habitat, and as such, it is possible that salmonids are avoiding even the most 

optimal of habitat available in channelized reaches, simply due to the overlying risk of 

predation. 

During late summer and early fall (our sampling period), both O. mykiss and P. 

williamsoni are primarily foraging and building up reserves for spawning and 

overwintering, and as such are likely actively seeking out habitat which optimizes 

foraging opportunities. With respect to these species of salmonids, previous research has 

shown that aquatic invertebrates belonging to the families Ephemeroptera, Plecoptera and 

Trichoptera (EPT), as well as Chironomidae, make up a significant portion of their diets 

(Pontius and Parker 1973, Overton et al. 1978). As I have shown previously with the 

results describing the impacts of channelization on the aquatic invertebrate community, 

channelized reaches support significantly lower biomass of both EPT and Chironomidae 
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than do non-channelized reaches, and as such present limited foraging opportunities. It 

follows, that much like I discussed above in relation to a lack of cover opportunities, that 

salmonids may be actively avoiding even the most optimal of habitats available in 

channelized reaches simply due to a lack of quality foraging opportunity, contributing to 

an overall reduction in salmonid abundance in channelized reaches.   

Stream Channelization as a Potential Barrier for Salmonids 

To further investigate the impacts of channelization on the salmonid community of the 

Crowsnest River, I analyzed data from 19 electrofished reaches disbursed along the 

river’s main stem above Lundbreck Falls (Figure 2-1) (Blackburn 2010). I compared 

biomass estimates from stream reaches within the impacted zone, to those both upstream 

and downstream of the impacted zone. When I analyzed these results, I observed a 

significant difference among the channelized section and the downstream non-

channelized section, which I expected, but surprisingly found no significant difference 

among the channelized section and the non-channelized reaches upstream of the 

channelized section (Figure 2-16). Furthermore, I also found salmonid biomass in reaches 

in the upstream section to be significantly lower than reaches downstream of the 

impacted zone, despite having no discernible difference in stream habitat (Blackburn 

2010).  

When attempting to understand why biomass estimates were so high in non-channelized 

reaches downstream of the impacted zone compared to channelized reaches, but why 

non-channelized reaches upstream of the impacted zone were not significantly higher 

than those same channelized reaches, I came to the conclusion that it could be possible 
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that an impassible barrier may be restricting fish movement to upstream reaches. Upon 

further investigation I determined that no such barrier existed throughout these reaches, 

however, I entertained the thought that perhaps it was the limited habitat availability 

throughout this large section that was in fact acting as a form of barrier.  

 

*Average biomass (g/m
2
) ± 1 s.e. 

Figure 2-16. Average Salmonid Biomass of Upstream Non-channelized, Channelized 

and Downstream Non-channelized Reaches. 

The length of the Crowsnest River which is contained within the impacted zone is 

approximately 18 km. It is therefore conceivable that this is the minimum distance a 

salmonid inhabiting an non-channelized reach downstream of the impacted zone would 

need to move in search of further optimal habitat. While this distance falls well within the 

movement range for many adult salmonids during the spring-summer months, it may be 

out of the range for adult O. mykiss and P. williamsoni during the summer-fall months, 

and is quite likely well out of the range of movements for juveniles of the same species 

(Pettit and Wallace 1975, Gowan et al. 1994, Young 2011).  As a result of these 

limitations to salmonid movements in rivers, it is possible that rather than continue 

searching for habitat in the channelized sections of the river, they are simply returning to 
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the optimal habitat available in the downstream non-channelized reaches from which they 

came, as they are unable to find the optimal habitat which exists in the non-channelized 

reaches upstream of the impacted zone. 

Stream Reactivation: An Alternative Method to Mitigate the Effects of 

Channelization  

 

 

As I stated in the introduction, there appears to be a need for more effective methods of 

mitigation of deleterious effects on salmonid populations, such as those brought forth by 

stream channelization. The current standard seems to be the addition of instream features 

to re-create crucial micro-habitat types such as scour pools, an example being the 

addition of boulders to lower sections of the Crowsnest River. However, as we have seen 

on the Crowsnest River, these techniques are often ineffective in creating any measurable 

benefits with specific respect to either fish or invertebrate populations and also have 

limited longevity. As such, it would seem only logical that further mitigation efforts 

assume a new direction.  

An interesting aspect of the Crowsnest River is that, in multiple areas where 

channelization has occurred, artificial channels were created which then received the 

diverted water which once flowed through the pre-existing channel, but the pre-existing 

channels were never filled in and to this day remain quite apparent in the adjacent flood 

plains of the channelized reaches. Areas such as these account for approximately 4.5 km 

of “de-activated” meandering stream channel, and may hold the key to a new direction of 

mitigation techniques unique to this system. In 2009, Golder Associates Ltd., in 

collaboration with Trout Unlimited Canada, proposed to re-activate these channels, 

instead of adding instream features to the channelized reaches. While the project has 
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stalled due to a lack of information concerning risks pertaining to hydrological aspects of 

the re-activation, such as flooding potential and initial sediment pulse following the re-

activation, the potential benefits to the biotic communities of the Crowsnest River have 

provided aquatic biologists, such as ourselves, with much optimism. 

The first and most simple aspect to describe in terms of benefit to the biotic community is 

the potential increase of useable area. While the meandering, inactive channels would 

account for approximately 4.5 km of stream habitat, the current channelized reaches 

through which the river now flows, which spans the same length of valley as the de-

active channels, provide only 2.3 km of habitat. Thus, should the water be diverted back 

into the historic channels it would nearly double the amount of instream habitat currently 

available over the same valley length distance. Furthermore, not only would re-activation 

increase the total amount of area, but as I have shown throughout this paper, the new 

habitat created would also support a much higher biological density for both invertebrates 

and salmonids than is currently available in the presently active channelized reaches.  

Another anticipated benefit for the salmonid community of the Crowsnest River, which at 

this point is only theoretical, addresses the issue that these channelized sections may be 

effectively acting as a barrier which is limiting the potential biological density of the non-

channelized reaches upstream of the impacted zone. As I have demonstrated, these 

reaches feature excellent habitat for both O. mykiss and P. williamsoni, however may be 

unable to realize their potential density due to the inability of the abundant downstream 

salmonid inhabitants to find these reaches as a result of the length of impacted river. If I 

am correct in hypothesizing this hindrance to upstream movement, then by shortening the 

length of this impacted section and at the same time implanting optimal habitat within the 
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impacted zone, we could potentially improve the connectivity between the reaches 

upstream and downstream of the channelized reaches. This improved connectivity would 

then allow large numbers of fish to once more colonize these upstream non-channelized 

reaches, improving the overall density of the already productive and renowned fishery 

which is the Crowsnest River. 

With this research, I have demonstrated that stream channelization has imposed 

significant alterations to stream habitat of reaches within the impacted zone, and that 

these alterations have led to a statistically significant decline in abundance and biomass 

of O. mykiss and P. williamsoni, as well as a significant decline in their food source.  
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Chapter 3 

Comparing Snorkel Surveys and Single Pass Electrofishing in their Estimation of 

Salmonid Abundance and Biomass across Simple and Complex Habitat Reaches of 

a Fifth Order Stream 

3.0 Abstract 

Using snorkel surveys, rather than electrofishing, to estimate fish abundance is becoming 

more popular among fisheries ecologists Consequently, it is important to determine the  

environmental conditions that optimize the accuracy of each method’s estimates. Here I 

demonstrate that snorkel surveys offer a distinct advantage over electrofishing surveys in 

the assessment of salmonid abundance in deep water habitats which frequently occur in 

large, unaffected streams, however are perhaps disadvantageous in the assessment of 

shallow, marginal habitat, and therefore should be applied with caution. In resource 

limited studies, snorkel surveys can and should be used in combination with 

electrofishing to provide a more accurate assessment of salmonid community abundance 

than would be available from electrofishing alone.   
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3.1 Introduction 

Electrofishing is a commonly used tool in the assessment of salmonid populations in lotic 

environments, and can provide managers and researchers with confident estimations of 

population parameters from only several passes of a stream reach (Nordwall 1999). This, 

in combination with new innovations in technology which make electrofishing gear more 

efficient and user friendly (Nordwall 1999), has led to an increase in the popularity and 

use of this technique despite the fact that this method also has several flaws and 

associated biases (Gardiner 1984, Cunjak et al. 1988, Rodgers et al. 1992, Thompson et 

al. 1997a, Thompson et al. 1997b, Reynolds et al. 2003). Electrofishing requires a crew 

of personnel, costly equipment and sufficient time to both plan and execute the sample 

design, therefore resource limitations are often a concern for any electrofishing project 

(Gardiner 1984, Mullner et al. 1998). Also of concern, is crew safety, as electrofishing is 

considered hazardous work and can result in significant injury to crew members, should 

the proper precautions not be undertaken (Reynolds et al. 2003). Electrofishing can also 

cause significant harm to fish, both in the short term through injury (Thompson et al. 

1997a, Nielsen 1998) and in the long term by reducing growth rates (Thompson et al. 

1997b). 

The utility of electrofishing can also be compromised by the physical structure and water 

quality of stream reaches. A factor that can significantly impact electrofishing 

effectiveness is water conductivity (Cunjak et al. 1988, Reynolds et al. 2003). The 

physical complexity of stream reaches can also affect the efficiency of electrofishing, by 

making certain areas difficult to access (e.g. large woody debris), or by increasing escape 

opportunities for fish (e.g. boulders, bank undercut) (Kruse et al. 1998). Deep, wide pools 
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are also very difficult to electrofish (Gardiner 1984, Rodgers et al. 1992), and in addition, 

are a crucial habitat for large salmonids (Cramer and Ackerman 2009). Alternative 

methods, that can more efficiently sample deep pools and other complex habitats can 

therefore be of considerable importance, and as such, the inability to adequately assess 

these crucial habitats may be the greatest advocate for an alternative method to examine 

fish populations in streams with complex habitat and frequently occurring large, deep 

pools. 

One alternative to depletion electrofishing is single pass electrofishing. The advantage of 

this method is that it is less demanding of resources, in that it requires less time and effort 

to plan and execute only a single pass rather than multiple passes which is required when 

using the depletion method (Kruse et al. 1998). Also, because fish are subject to only one 

pass of the electrofisher, the possibility of fish being harmed by the equipment is reduced 

(Kruse et al. 1998). However, similar to depletion methods, single pass electrofishing is 

subject to reduced efficiency as a result of variable water quality, and with consideration 

to the physical properties of streams, specifically stream width and cover, Kruse suggests 

that single pass electrofishing may not be suitable for complex streams with widths 

greater than 8 m (Kruse et al. 1998). Furthermore, single pass electrofishing is not nearly 

as efficient as multiple pass depletion electrofishing, and can provide only an index of 

what would be estimated from multiple pass efforts (Meador et al. 2003). 

Another alternative to depletion electrofishing is underwater observation with snorkel 

surveys. Snorkel surveys can be an effective method to assess salmonid abundance and 

population size structure (Zubik and Fraley 1988, Thurow and Schill 1996, Mullner et al. 

1998), and presents a variety of solutions to some of the shortcomings of electrofishing. 
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Snorkel surveys require less time, less effort and fewer crew members than electrofishing 

surveys, and therefore can be viable option for researchers with limited resources 

(Gardiner 1984, Cunjak et al. 1988, Mullner et al. 1998). Another advantage of snorkel 

surveys is that observations and assessments can be made with less effect on fish or their 

behavior, allowing for more accurate measurements of habitat (Heggenes et al. 1990, 

Thurow 1994), without risk of harming the fish (Kruse et al. 1998). Snorkel surveys also 

make it possible to make accurate observations of fish in deep water pools, such as those 

which are often not accessible to electrofishing crews. 

Like electrofishing, however, snorkel surveys can be compromised in certain types of 

habitats, and when water is turbid (Schill and Griffith 1984). In shallow water with rough 

substrate, fish may be hard to see, since cobble and boulders can provide a great deal of 

cover (Thurow 1994). Perhaps the most notable criticism of snorkel surveys is that while 

researchers have demonstrated significant correlations among snorkel survey and 

electrofishing population estimates underwater observations generally produce lower 

abundance estimates (Mullner et al. 1998, Wildman and Neumann 2003). Much like 

single pass electrofishing, snorkel surveys can only provide an index of what would be 

expected from multiple pass depletion electrofishing, and this is likely the reason for their 

limited use in research (Cunjak et al. 1988, Rodgers et al. 1992). 

The Crowsnest River is a fifth order river, with an average width greater than 15 m, and 

in its naturally meandering  reaches, features very complex and diverse habitat with many 

deep pools. As such, it poses a significant challenge for managers which require accurate 

estimates of population parameters such as salmonid abundance and size-class structure, 

since electrofishers are unable to effectively sample deep pools and other habitat 
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complexities such as bank undercuts. Snorkel surveys may present an alternative method 

to assess the salmonid population in the relatively clear waters of the Crowsnest River, 

and may provide a more accurate estimation of fish abundance in stream reaches which 

feature an abundance of large, deep pools.  

This chapter compares the efficacy of two relatively low cost, low resource-requiring 

methods (snorkel surveys and single pass electrofishing) to estimate fish abundance and 

community size structure in a fifth order stream. The comparison spans reaches with 

complex habitat and many deep pools, as well as reaches with monotonous habitat and no 

deep pools. I hypothesize, that in reaches with simple habitat, single pass electrofishing 

and snorkel surveys will produce similar abundance estimates and size class frequency 

distributions, since  there is little habitat to hinder either technique. In complex reaches, 

however, snorkel surveys should be expected to yield higher abundance estimates than 

single pass electrofishing due mainly to more efficient sampling in deep pools. These 

differences in estimates should be more pronounced for large, adult fish which inhabit the 

deep pools, and should be most significant for biomass estimates.  

3.2 Materials and Methods 

3.2.1 Site Description 

The Crowsnest River is a fifth order river, which supports an abundant salmonid 

community which is dominated by Mountain Whitefish (Prosopium williamsoni) and 

Rainbow Trout (Oncorhynchus Mykiss). Throughout the early 1900’s, large sections of 

the river’s main stem were subject to stream channelization, which has significantly 

altered the instream habitat compliment of these reaches. In non-channelized reaches, the 
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Crowsnest River features meandering geomorphology which has produced heterogeneous 

habitat composed of shallow riffles, deep runs and very large, deep pools. In channelized 

reaches, habitat is quite homogeneous and is characterized mostly by shallow runs with 

some riffles and deep runs, and pools are, in most instances, non-existent. The contrasting 

habitat of these reaches provide an ideal opportunity to compare the efficacy of two 

sampling techniques (single pass electrofishing and snorkel survey) across reaches 

featuring either complex (non-channelized) or simple (channelized) habitat. 

 

Figure 3-1. Map of Study Reach Locations. 

3.2.2 Site Selection  

Through a collaborative effort to assess the salmonid population of the Crowsnest River, 

the Alberta Conservation Association carried out single pass electrofishing along 18 

randomly distributed reaches of the Crowsnest River above Lundbreck Falls, an 

impassable barrier to fish movement (Blackburn 2010). Of these reaches, seven were 

channelized, three were non-channelized and were upstream of all channelization 

impacts, and the remaining eight were non-channelized but downstream of channelization 

impacts.  
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Table 3-1. Name and Description of Sample Reaches Selected for Snorkel Survey 

and Single Pass Electrofishing. 

    Site Name   Habitat    Sampling Method 

Complex Habitat 

Comparison #1 

  SS1   Complex   Snorkel Survey 

  EF1   Complex   Single Pass Electrofishing 

Complex Habitat 

Comparison #2 

  SS2   Complex   Snorkel Survey 

  EF2   Complex   Single Pass Electrofishing 

Simple Habitat 

Comparison #1 

  SS3   Simple   Snorkel Survey 

  EF3   Simple   Single Pass Electrofishing 

 

Of these reaches, careful consideration had to be given to site selection for snorkel 

surveys, due to comparability issues among sites, as well as to address various safety 

concerns. In total, three reaches were selected (two complex habitat, one simple habitat, 

see table 3-1), which were located in sections of the river in which it would be 

logistically possible to perform underwater observations. These snorkel survey reaches 

were then shifted either slightly upstream or slightly downstream in a fashion which 

allowed us to continuously sample a comparatively sized reach while avoiding potential 

risks to observer safety. The largest distance that a snorkel survey reach was shifted was 

less than 50m, a distance which is well within the potential daily movements of P. 

williamsoni and O. Mykiss. In light of this, I do not expect that these methods would 

introduce any additional bias which would not have already occurred had the exact same 

reaches been sampled with both methods, but on different days. A map of study reach 

locations is available in figure 3-1. 



79 

 

3.2.3 Single Pass Electrofishing 

A Smith-Root LR-6 tote-barge electrofisher was used with a four man crew working in a 

downstream progression (Blackburn 2010). Captured fish were kept in live wells until 

measurements were taken, which included species, total length (mm) and weight (g). 

3.2.4 Characterization of Depth Habitat 

Depth habitat for all three snorkel survey reaches were mapped from visual observations. 

Instream area was divided into distinct units of habitat (patches) based on four sub-

categories of depth (<20 cm, 20-59 cm, 60-100 cm, >100cm). These data were then 

integrated into a spatially referenced GIS (Geographic Information System) to calculate 

the proportion as well as the total cumulative area of each sub-category of depth per 

reach. 

3.2.5 Snorkel Survey  

Snorkel surveys were performed by a single diver, accompanied by one on shore data 

recorder. The methods used in this study were designed to reduce the probability of 

double counts while retaining a definitive sample area. After completing several trial 

runs, a repeatable transect line in downstream progression was developed and mapped in 

a GIS. I applied this transect with the depth patch data acquired from the habitat 

component of the study to determine which patches could be adequately observed from 

the transect line. Those patches which met the criteria were included in the sample area, 

those that did not were excluded (Figure 3-2). 
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Figure 3-2. Map of Snorkel Survey Routes. 

In late July, August, and early September a total of three underwater observations were 

made for each of the three reaches, between 10:00 and 16:00 hr when visibility was high. 

The observer worked in a downstream progression, recording species, size class and 

location on a large slate attached to their arm, stopping at pre-determined points spaced 

approximately 50 m apart to relay information to the on shore data recorder and exchange 

slates. Prior to observations, wooden planks in the shape of fish, of known sizes, were 

observed at multiple distances to calibrate visual observations of fish lengths made in the 

field. Any fish whose behavior appeared to be affected by the presence of the observer 
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were recorded for abundance estimates, but were not included in the analysis of habitat 

use. Abundance was calculated as the mean value of fish/100 m
2
 for each sub-category of 

depth and for each size class of fish from the three observational passes for each reach. 

To ensure that abundance estimates were comparable across both methods, I first 

expanded the abundance values for each sub-category of depth to reflect the total area of 

each respective depth per each (multiplying abundance estimates for each depth category 

by the total area available of that depth in that reach, divided by the area of that depth that 

was actually sampled). Once an abundance estimate was available for each category of 

depth which reflected the total instream habitat area of the reach, I took the sum of these 

values and divided it by the total instream area of that reach to produce a value of 

fish/100m
2
. 

3.2.6 Analysis 

Chi square contingency table analysis was used to determine if the frequency distribution 

of size classes acquired from sampling techniques was significantly different between 

underwater observations and single pass electrofishing values. These analyses were also 

performed on both complex and simple habitat reaches, to determine if complex habitat, 

such as deep pools, had any effect on this relationship. 

We used one-way t-tests to determine if any statistically significant differences existed in 

the abundance estimates of distinct size classes across snorkel surveys and single pass 

electrofishing for each pair of sample reaches. I then compared these results across the 

complex and simple habitat reaches, to make inference as to how the effect of complex 

habitat might affect this relationship.  



82 

 

Abundance counts obtained from underwater observations were used to estimate 

salmonid biomass for channelized and unchannelized reaches (GANDA 2008). Because 

individual lengths were not recorded, the mean size for a category was applied to all fish 

within the size class (i.e., for the size class 150-300mm, all fish were treated as 225mm). 

Lengths were converted to weights(Blackburn 2010) (Figure 3-3A,3-3B) and combined 

with abundance estimates, biomass was estimated. 

Figure 3-3A. O. mykiss Weight to Length 

log weight = -5.036607 + 3.0229763 x log length 

Figure 3-3B. P. williamsoni Weight to Length 

log weight = -5.665674 + 3.2639904 x log length 

Biomass (g/m
2
) was estimated and compared (t-test) for each study reach 

 3.3 Results 

3.3.1 Characterization of Depth Profile of Study Sites 

Both reaches characterized by complex habitat (SS1, SS2) featured a greater proportion 

of habitat deeper than 100 cm than the reach with simple habitat (SS3), with these deep 

patches accounting for 20 % and 17 % of the total area in reaches SS1 and SS2, 

respectively, but amounting to only 9 % of the total area in SS3. With respect to habitat 

heterogeneity, both SS1 and SS2 featured relatively evenly distributed proportions of 

depths, with the most abundant of depth class accounting for only 34 % of the total area 

of habitat in SS1 and only 32 % of the total area of habitat in SS1. Reach SS3, however, 

featured a much more homogeneous compliment of depths, being mostly dominated by 

glide-like depths of 60-100 cm which accounted for 48 % of the total area of habitat. A 
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comparison of the total area of each depth class per sample reach across all sample 

reaches is available in Figure 3-4. 

 

Figure 3-4. Total Area of Various Depths per Sampling Reach. 

3.3.2 Snorkel Survey 

In total, 537 salmonids were observed in three underwater passes through each of the 

study reaches. Total salmonid abundance estimates were significantly higher in the 

complex reaches SS1 and SS2, compared to estimates from SS3 (t-test, p=0.0006 and 

p<0.0001, respectively). In both complex habitat reaches, the most abundant size-class 

observed was 150-300 mm, followed by the 300-450 mm. In the simple habitat reach, the 

most abundant size-class observed were salmonids measuring 150-300 mm. Also of note, 

no salmonids measuring >450 mm length were observed on any occasion in the reach 

featuring simple habitat length (Table 3-2). 

3.3.3 Single Pass Electrofishing 

In total, 280 fish were captured upon completing a single pass of electrofishing along 

each of the three sample reaches. When comparing abundance estimates across complex 
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and simple habitat reaches, single pass electrofishing estimated a greater abundance of 

total salmonids in the simple habitat reach EF3 (1.66 fish/100 m
2
) compared to 

abundance estimates from the two complex habitat reaches EF1 (0.98 fish/100 m
2
) and 

EF2 (0.70 fish/100 m
2
). In complex habitat reaches, the most abundant size-class 

captured was 0-150 mm at EF1, and 150-300 mm at EF2. In the reach featuring simple 

habitat, the most abundant size-class captured was 0-150 mm, accounting for 

approximately 50 % of all salmonids captured (Table 3-2). 

Table 3-2. Abundance Estimates of Snorkel Surveys and Single Pass Electrofishing 

across Sample Reaches. 

    Size Class 

Site 

Name   

Sampling 

Method   0-150 mm 150-300 mm 300-450 mm >450 mm 

        

SS1 

(complex)  Snorkel Survey  0.116 ± .019 0.490 ± .005* 0.433 ± .061* 0.091 ± .018* 

EF1 

(complex)  Electrofishing  0.551* 0.261 0.159 0.019 

        

SS2 

(complex)  Snorkel Survey  0.203 ± .054 0.734 ± .066* 0.249 ± .023* 0.056 ± .016* 

EF2 

(complex)  Electrofishing  0.213 0.331 0.145 0 
 

        

SS3 

(simple)  Snorkel Survey  0.179 ± .059 0.283 ± .061 0.050 ± .008 0.0 ± .00 

EF3 

(simple)  Electrofishing  0.745* 0.667* 0.214* 0 
 

Average abundance (fish/100m
2
) ± 1 s.e. 

*Indicates significant difference among sampling methods  
 

3.3.4 Comparison of Methods 

When examining relative length class frequencies of salmonids acquired from the two 

sampling techniques, chi-square analysis revealed significant differences across both 
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pairs of complex habitat reaches, SS1 vs EF1 (p=1.5
-120

) and SS2 vs EF2 (p=4.2
-11

) 

(Figure 3-5). The largest differences on these frequencies which were consistent across 

both pair wise reach comparisons appeared to be in the 0-150 mm and >450 mm size 

classes.  

When I examined length class frequencies acquired from snorkel surveys and single pass 

electrofishing across the simple habitat pair wise comparison (SS3 vs EF3), however, the 

difference between techniques was not significant (Fisher’s exact, p=.3415) (Figure 3-5). 

 

A- Comparison of complex habitat reaches SS1 and EF1 

B-Comparison of complex habitat reaches SS2 and EF2 

C-Comparison of simple habitat reaches SS3 and EF3 

Figure 3-5. Length Class Frequencies from Snorkel Surveys and Single Pass 

Electrofishing across Sample Reaches. 

One-way t-tests revealed a significant difference in the abundance estimates of 0-150 mm 

sized salmonids across the two sampling techniques for the pair wise comparison of 

complex habitat reaches SS1 vs EF1 (p=0.0072). This was the only size class of 

salmonids for which single pass electrofishing revealed higher abundances then snorkel 
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surveys in this complex habitat reach comparison. For the 150-300 mm, 300-450 mm and 

>450 mm size classes, snorkel surveys revealed greater abundances of salmonids, 

however, in no circumstance were these differences statistically significant (p=0.1462, 

p=0.1535, p=0.1794, respectively) (Figure 3-6). 

 

Snorkel survey abundance estimates depicted with bars representing 1 s.e. 

Figure 3-6. Abundance Estimates by Size Class from Snorkel Surveys and Single 

Pass Electrofishing in Complex Habitat Reaches SS1 and EF1. 

For the second comparison of abundance values across sampling methods in complex 

habitat reaches (SS2 vs EF2), snorkel surveys once more revealed greater abundances of 

salmonid size classes 150-300 mm, 300-450 mm and >450 mm then what was observed 

from single pass electrofishing. However, similar to my first comparison, no differences 

were statistically significant with 95 % confidence (one-way t-test, p=0.0920, p=0.1472, 

p=0.2217, respectively). Also similar to my other comparison of techniques in complex 

habitat reaches, single pass electrofishing obtained higher abundance estimates for only 
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one size class, 0-150 mm, however in this instance the difference in values was only 

marginal (Figure 3-7).  

 

Snorkel survey abundance estimates depicted with bars representing 1 s.e. 

Figure 3-7. Abundance Estimates by Size Class from Snorkel Surveys and Single 

Pass Electrofishing in Complex Habitat Reaches SS2 and EF2. 

 

Snorkel survey abundance estimates depicted with bars representing 1 s.e. 

Figure 3-8. Abundance Estimates by Size Class from Snorkel Surveys and Single 

Pass Electrofishing in Simple Habitat Reaches SS3 and EF3. 
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When comparing abundance estimates across the two sampling methods in reaches 

featuring only simple habitat (SS3 vs EF3), one-way t-tests revealed significantly higher 

abundance estimates from electrofishing, compared to observations from snorkel surveys, 

for both the 0-150mm (p=.0407) and 300-450mm (p=.0098) size classes. Single pass 

electrofishing also obtained greater abundance estimates for the 150-300 mm size class, 

however this difference was not significant at the 95 % level of confidence (one-way t-

test, p=0.0846). No salmonids greater than 450 mm were observed from either sampling 

method within reaches SS3 or EF3 (Figure 3-8). 

 

Snorkel survey abundance estimates depicted with bars representing 1 s.e. 

Figure 3-9. Biomass Estimates from Snorkel Surveys and Single Pass Electrofishing 

across all Site Comparisons. 

In both of the complex habitat site comparisons, snorkel surveys produced greater 

biomass estimates in comparison to electrofishing estimates. For the first comparison 

(SS1/EF1), this difference was significant at the 95 % level of confidence (one-way t-test, 

p=0.0347), while for the second, the difference was significant only at the 90 % level of 
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confidence (one-way t-test, p=0.0629) (Figure 3-9). The comparison of methods in 

reaches with simple habitat, however, exhibited the opposite trend, with the electrofishing 

method producing significantly higher biomass estimates (one-way t-tests, p=0.0092) 

(Figure 3-9).  

3.4 Discussion 

With this study I have demonstrated that in a fifth order river featuring complex habitat, 

which compromises the efficacy of electrofishing, snorkel surveys should be a beneficial 

complimentary method in assessing abundance and length class frequency, and certainly 

biomass  estimates for salmonid populations.  However,  in reaches which feature 

monotonous habitat devoid of complex habitat features, such as deep pools and undercut 

banks, snorkel surveys may provide little to no benefit as a complimentary sampling 

method to single pass electrofishing.  

On average, single pass electrofishing estimated 58 % greater abundance of salmonids 

between 0-150 mm in complex habitat reaches. This difference is most likely due to the 

habitat in which fish belonging to this size class most frequently inhabit. In the 

Crowsnest River, juvenile salmonids (<300 mm) occupy depths shallower than 60cm 

more frequently than adults (Lennox, unpublished data). Habitats which are shallow are 

ideal for electrofishing gear and crews, however, as the depth of habitat decreases it 

becomes inherently more difficult for snorkelling. Large interstitial spaces in the 

substrate where juvenile salmonids are most commonly found, especially in cold water 

streams (Hillman et al. 1992, Doloff et al. 1996), are difficult to observe in shallow 

depths. Similarly, Joyce and Hubert (2003) reported that snorkelling frequently failed to 
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observe individuals smaller than 300 mm of two coldwater salmonid species due to their 

common occurrence among interstitial and/or macrophyte cover (Joyce and Hubert 

2003). 

For each of the remaining size classes of salmonids (150-300 mm, 300-450 mm and >450 

mm) observed in complex habitat reaches, abundance estimates from snorkel surveys 

were greater than those acquired from single pass electrofishing. This was somewhat 

surprising, as many previous studies report that snorkel surveys produce estimates which 

account for only 66-75 % of estimates acquired through electrofishing efforts (Thurow 

and Schill 1996, Mullner et al. 1998, Wildman and Neumann 2003). The fact that I 

observed greater salmonid abundance with snorkel surveys then with electrofishing in 

this study is most likely attributable to the habitat characteristics of the complex habitat 

study reaches, most notably the frequency of deep, large surface area pools. These forms 

of habitat make sampling via electrofishing quite difficult. Research by Gardiner (1984) 

showed in that in habitats deeper than 1m, electrofishing surveys become much less 

accurate in estimating fish abundance (Gardiner 1984). If this theory holds, then it would 

seem logical that in a coldwater salmonid community, any inefficiency in sampling large, 

deep volume pools would likely most greatly affect the  estimation of the abundance of 

large individuals (>450mm) which most commonly occupy such habitat. This is what 

was found by Joyce and Hubert (2003), who reported a decline in the observed 

abundance of large coldwater salmonids (>450 mm) via electrofishing, in relation to 

estimates from snorkel surveys, compared to three smaller size classes (Joyce and Hubert 

2003). 
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It remains to be explained why, however, unlike Joyce and Hubert, snorkel surveys in 

this study were more efficient in estimating the two middle size classes (150-300 mm and 

300-450 mm) in the same complex reaches. I propose that this can be explained by the 

schooling behavior of P. williamsoni. Unlike many other cold water salmonid species 

which will actively defend optimal habitat from other individuals (Johnsson et al. 2004), 

P. williamsoni exhibit schooling behavior and therefore often will congregate among 

other P. williamsoni individuals of all size classes in deep, large volume pools (Davies 

and Thompson 1976, McPhail and Troffe 1988). It is then likely that in a P. williamsoni 

community, such as that of the Crowsnest River, the inhibited performance of 

electrofishing in deep habitats would underestimate all size classes present, and not be 

limited to only the largest size class.  

With respect to reaches with simple habitat, and in the absence of deep water habitats, 

electrofishing methods were un-hindered and as such produced higher abundance 

estimates than snorkel surveys. Electrofishing estimates of fish abundance for size classes 

0-150 mm and 300-450 mm were significantly greater with 95 % confidence, and greater 

with 90% confidence for the 150-300 mm size class. During low fall flows, habitat >1 m 

in depth accounted for less than 10 % total area in the simple habitat reaches, and these 

patches were always <4 m wide, posing little to no hindrance for electrofishing crews. In 

contrast, the shallow nature of these reaches likely reduced the efficiency of the 

underwater observational method due limited visibility. Also contributing to the 

reduction in the efficiency of snorkel surveys was the higher relative abundance of 

smaller, juvenile salmonids in these impacted reaches (Lennox, unpublished data). 

Previous research has shown that snorkel surveys are more likely to underestimate the 
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abundance of smaller salmonids, compared to larger individuals, due to their cryptic 

nature and tendency to be found occupying interstitial spaces in shallow, marginal 

habitats (Cunjak et al. 1988). In communities which feature a greater density of juvenile 

salmonids and a high percentage of shallow habitat, underwater observational surveys 

may be at a greater disadvantage when estimating salmonid abundance, certainly when 

compared to electrofishing estimates.  

Fish biomass seemed to best demonstrate the effect of underestimating the larger adults 

of a population. In both comparisons of complex habitat reaches, snorkel surveys 

produced greater total abundance estimates than did electrofishing, however, these 

differences were not significant. This was partly due to the fact that while snorkel surveys 

performed much better at estimating abundances of large fish in these reaches, 

electrofishing seemed to perform better at estimating the smaller size classes, which in 

terms of abundance make up a greater percentage of all individuals. When I transform 

abundance values to biomass, however, less influence is given to smaller individuals due 

to their much smaller mass, and much more influence is given to larger individuals, 

revealing difference in values obtained across methods which are statistically significant. 

With this work, I have demonstrated that in deep water habitats, snorkel surveys offer a 

distinct advantage over electrofishing in the assessment of salmonid abundance, however, 

are perhaps disadvantageous in shallow, marginal habitat, and therefore should be applied 

with caution. In resource limited studies, snorkel surveys can and should be used in 

combination with electrofishing to provide a more accurate assessment of salmonid 

community abundance than would be available from electrofishing alone.  
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 Conclusions 

Channelization is a prevalent form of anthropogenic disturbance affecting our natural 

lotic ecosystems, and those aquatic communities within. With this research, I have 

demonstrated that stream channelization has imposed significant alterations to stream 

habitat of reaches of the Crowsnest River, and that these alterations have led to a 

statistically significant decline in abundance and biomass of O. mykiss and P. 

williamsoni, as well as a significant decline in their food source. I attribute this decline in 

abundance and biomass directly to a loss of habitat, based on in field observations of 

habitat use, rather than assumptions based on habitat preference literature, which I feel 

provides added strength to my findings.  

A major factor in the decline of salmonids in channelized reaches was a significant 

reduction in deep water habitat, which I suggest is of greater consequence to P. 

williamsoni populations compared to those of other cold water salmonids, attributed to 

their schooling nature. As a result of this unique life history trait, the effects of a loss of 

deep habitats are not limited to only the adults, but also the juveniles of the population. 

As such, efforts to characterize the impacts of channelization on P. williamsoni 

populations based on previous cold water salmonid studies, would likely underestimate 

impacts on the population. 

The results of this study should be considered with respect to future management of the 

Crowsnest River. To my knowledge, I am the first to demonstrate the deleterious effects 

of channelization on the salmonid community of the Crowsnest River, which is currently 

impacted along approximately 40 % of its length above the impassable Lundbreck Falls. 



94 

 

Furthermore, if I am correct in my hypothesis that the length of the impacted section is 

inhibiting colonization of upstream habitats from downstream reaches, it follows that 

channelization is adversely affecting even non-channelized reaches. In light of this, 

mitigation efforts such as the proposed stream re-activation project would not only 

benefit the biota of the Crowsnest River by increasing the availability of optimal habitats, 

but would also increase connectivity to additional optimal habitats upstream, and for this 

reason I am an advocate of the project’s execution. 

 I have also demonstrated that snorkel surveys offer a distinct advantage over 

electrofishing surveys in the assessment of salmonid abundance in deep water habitats 

which frequently occur in large, unaffected streams. This advantage, I feel, may even be 

more pronounced in studies which incorporate biomass as a community response metric. 

As such, I feel that the use of snorkel surveys in this research proved to be beneficial. 

However, snorkel surveys are perhaps disadvantageous in the assessment of shallow, 

marginal habitat, and therefore should be applied with caution. In light of this, I concede 

that the use of electrofishing in channelized reaches may have produced a more accurate 

depiction of the salmonid community, although, in the interest of applying only one 

sampling method across all sites for comparative purposes, I feel I was better served 

performing snorkel surveys. In resource limited studies, snorkel surveys can and should 

be used in combination with electrofishing to provide a more accurate assessment of 

salmonid community abundance than would be available from electrofishing alone.  

For future studies which may be interested in applying these two methods in tandem, I 

would suggest that in order to ensure the most accurate results possible, methodologies 

should focus on applying these methods in a manner which capitalizes on the strengths of 
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each method. One way to do so would be to use electrofishing in the shallow habitats of 

streams and focus snorkel efforts on deep pools in which electrofishing crews are less 

accurate. This could be done by first applying a single pass of electrofishing in which all 

fish captured are removed and kept in live-wells on shore, while outlining a pre-

determined buffer zone around deep water habitats which would remain undisturbed by 

electrofishing crews to limit sampling-induced movement of any fish occupying those 

habitats. This would then be followed by a single pass of underwater observation in those 

deep water habitats which were excluded from electrofishing. Doing so would provide an 

accurate community assessment fish within all habitats present in the stream, while at the 

same time limiting the occurrence of recounts. 

While I feel that the application of such a sampling methodology would produce a more 

accurate assessment of salmonid abundance than either snorkel surveys or electrofishing 

would produce alone, it is should be noted that it is unlikely that estimates acquired from 

such tandem methodologies would produce as accurate abundance estimates if sufficient 

resources would be available to perform boat electrofishing, or other methods which are 

able to perform electrofishing in such a way which is not compromised by the presence 

of deep water habitat. However, employing such techniques is often very costly, requires 

unique equipment, and in many cases may simply not be feasible due to other logistical 

reasons, such as on a fifth order river like the Crowsnest where navigating a motorized 

boat is not possible. In conclusion, I propose that snorkel surveys are a cost effective 

solution to improving the accuracy of electrofishing abundance estimates in streams 

featuring deep water habitat, and where limited resources may otherwise compromise the 

accuracy of salmonid community assessments.  



 

 

 

 

Literature Cited 

 
Bain, M. B. and N. J. Stevenson. 1999. Aquatic Habitat Assessment. American Fisheries 

Society, Bethesda. 

Bayley, P. B. 2002. A review of studies on responses of salmon and trout to habitat 

change, with potential for application in the Pacific Northwest. Washington State 

Independant Science Panel, Olympia, Washington. 

Bear, E. A., T. E. McMahon, and A. V. Zale. 2007. Comparative thermal requirements of 

westslope cutthroat trout and rainbow trout: Implications for species interactions 

and development of thermal protection standards. Transactions of the American 

Fisheries Society 136:1113-1121. 

Beechie, T., E. Beamer, B. Collins, and L. Benda. 1996. Restoration of habitat-forming 

processes in Pacific Northwest watersheds: A locally adaptable approach to 

salmonid habitat restoration. Pages 48-67 in D. L. Peterson and C. V. Klimas, 

editors. The Role of Restoration in Ecosystem Managment. Society for Ecological 

Restoration, Madison. 

Beechie, T. and S. Bolton. 1999. An approach to restoring salmonid habitat-forming 

processes in Pacific Northwest watersheds. Fisheries 24:6-15. 

Beschta, R. L. 1997. Riparian Shade and Stream Temperature: An Alternative 

Perspective. Rangelands 19:25-28. 

Bilby, R. E. 1981. Role of organic debris dams in regulating the export of dissolved and 

particulate matter from a forested watershed. Ecology 62:1234-1243. 

Bilby, R. E. and G. E. Likens. 1980. Importance of organic debris dams in the structure 

and function of stream ecosystems. Ecology 61:1107-1113. 

Bisson, P. A., T. P. Quinn, G. H. Reeves, and S. V. Gregory. 1992. Best management 

practices, cummulative effects, and long-term trends in fish abundance in Pacific 

Northwest river systems. Pages 189-232 in R. J. Naiman, editor. Watershed 

Management. Springer-Verlag, New York. 

Blackburn, J. 2010. Crowsnest River Drainage Sport Fish Population Assessment. 

Alberta Conservation Association, Lethbridge. 

Brittain, J. E., J. A. Eie, A. Brabrand, S. J. Saltveit, and J. Heggenes. 1993. Improvement 

of fish habitat in a norwegian river channelization scheme. Regulated Rivers-

Research & Management 8:189-194. 

Brooker, M. P. 1985. The ecological effects of channelization. Geographical Journal 

151:63-69. 

Brookes, A. 1985. River channelization: traditional engineering methods, physical 

consequences and alternative practices. Progress in Physical Geography 9:44-73. 

Brookes, A. 1987a. The distribution and management of channelized streams in 

Denmark. Regulated Rivers: Research & Management 1:3-16. 

Brookes, A. 1987b. Restoring the sinuosity of artificially straightened stream channels. 

Environmental Geology 10:33-41. 

Brookes, A., K. J. Gregory, and F. H. Dawson. 1983. An assessment of river 

channelization in England and Wales. Science of The Total Environment 27:97-

111. 



97 

 

Brookshire, E. N. J. and K. A. Dwire. 2003. Controls on patterns of coarse organic 

particle retention in headwater streams. Journal of the North American 

Benthological Society 22:17-34. 

Brusven, M. A. and K. V. Prather. 1974. Influence of stream sediments on distribution of 

macrobenthos. Journal of the Entomological Society of British Columbia 71:25-

32. 

Brusven, M. A. and S. T. Rose. 1981. Influence of substrate composition and suspended 

sediment on insect predation by the torrent sculpin, Cottus rhotheus. Canadian 

Journal of Fisheries and Aquatic Sciences 38:1444-1448. 

Crowsnest Pass Historical Society. 1979. Crowsnest and its people. Crowsnest Pass 

Historical Society, Coleman. 

Chapman, D. W. and E. Knudsen. 1980. Channelization and livestock impacts on 

salmonid habitat and biomass in Western Washington. Transactions of the 

American Fisheries Society 109:357-363. 

Clifford, H. F., editor. 1991. Aquatic Invertebrates of Alberta. University of Alberta 

Press, Edmonton. 

Cramer, S. P. and N. K. Ackerman. 2009. Linking Stream Carrying Capacity for 

Salmonids to Habitat Features. Pages 225-254 in E. E. Knudsen and J. H. 

Michael, editors. Pacific Salmon Environmental and Life History Models: 

Advancing Science for Sustainable Salmon in the Future. Amer Fisheries Soc, 

Bethesda. 

Culp, J. M., S. J. Walde, and R. W. Davies. 1983. Relative Importance of substrate 

particle-size and detritus to stream benthic macroinvertebrate microdistribution. 

Canadian Journal of Fisheries and Aquatic Sciences 40:1568-1574. 

Cummins, K. W. 1962. An evaluation of some techniques for the collection and analysis 

of benthic samples with a special emphasis on lotic waters. American Midland 

Naturalist 67:477-504. 

Cummins, K. W. 1973. Trophic relations of aquatic insects. Annual Review of 

Entomology 18:183-206. 

Cummins, K. W. and M. J. Klug. 1979. Feeding ecology of stream invertebrates. Annual 

Review of Ecology and Systematics 10:147-172. 

Cunjak, R. A. and J. M. Green. 1983. Habitat utilization by Brook Char (Salvelinus 

fontinalus) and Rainbow Trout (Salmo gairdneri) in Newfoundland streams. 

Canadian Journal of Zoology 61:1214-1219. 

Cunjak, R. A., R. G. Randall, and E. M. P. Chadwick. 1988. Snorkeling versus electro 

fishing: A comparison of census techniques in Atlantic salmon rivers. Naturaliste 

Canadien 115:89-93. 

Daniels, D. M. 2006. Distribution and dynamics of large woody debris and organic 

matter in a low-energy meandering stream. Geomorphology 77:286-298. 

Davies, R. W. and G. W. Thompson. 1976. Movements of Mountain Whitefish 

(Prosopium williamsoni) in Sheep River watershed, Alberta. Journal of the 

Fisheries Research Board of Canada 33:2395-2401. 

Doloff, C. A., J. Kershner, and R. F. Thurow. 1996. Underwater Methods. in B. Murphy 

and D. Willis, editors. Fisheries Techniques, 2nd ed. American Fisheries Society, 

Bethesda, MD. 



98 

 

Donald, D. B. and D. J. Alger. 1993. Geographic distribution, species displacement, and 

niche overlap for Lake Trout and Bull Trout in Mountain Lakes. Canadian Journal 

of Zoology 71:238-247. 

DosSantos, J. 1985. Comparative food habits and habitat selection of mountain whitefish 

and rainbow trout in the Kootenai River, Montana. MSc Thesis. Montana State 

University, Montana. 

Duan, X. H., Z. Y. Wang, M. Z. Xu, and K. Zhang. 2009. Effect of streambed sediment 

on benthic ecology. International Journal of Sediment Research 24:325-338. 

Duncan, W. W., R. B. Goodloe, J. L. Meyer, and E. S. Prowell. 2011. Does channel 

incision affect in-stream habitat? Examining the effects of multiple geomorphic 

variables on fish habitat. Restoration Ecology 19:64-73. 

Duvel, W. A., R. D. Volkmar, W. L. Specht, and F. W. Johnson. 1976. environmental 

impact of stream channelization. Journal of the American Water Resources 

Association 12:799-812. 

Emerson, J. W. 1971. Channelization - Case Study. Science 173:325-&. 

Englund, G. 1991. Effects of disturbance on stream moss and invertebrate community 

structure. Journal of the North American Benthological Society 10:143-153. 

Erman, D. C. and N. A. Erman. 1984. The response of stream macroinvertebrates to 

substrate size and heterogeneity. Hydrobiologia 108:75-82. 

Fausch, K. D. 1984. Profitable stream positions for salmonids: relating specific growth 

rate to net energy gain. Canadian Journal of Zoology 62:441-451. 

Fausch, K. D. 1988. Tests of competition between native and introduced salmonids in 

streams: what have we learned? Canadian Journal of Fisheries and Aquatic 

Sciences 45:2238-2246. 

Feminella, J. W. and C. P. Hawkins. 1995. Interactions between stream herbivores and 

periphyton: A quantitative analysis of past experiments. Journal of the North 

American Benthological Society 14:465-509. 

Fukushima, M. 2001. Salmonid habitat-geomorphology relationships in low-gradient 

streams. Ecology 82:1238-1246. 

GANDA. 2008. 2007 Hardhead Population Surveys, South Fork American River. San 

Anselmo. 

Gardiner, W. R. 1984. Estimating population densities of salmonids in deep-water in 

streams. Journal of Fish Biology 24:41-49. 

Gowan, C. and K. D. Fausch. 1996. Long-term demographic responses of trout 

populations to habitat manipulation in six Colorado streams. Ecological 

Applications 6:931-946. 

Gowan, C., M. K. Young, K. D. Fausch, and S. C. Riley. 1994. Restricted Mmovement in 

resident stream salmonids: A paradigm lost? Canadian Journal of Fisheries and 

Aquatic Sciences 51:2626-2637. 

Graffius, E. and N. J. Anderson. 1980. Population dynamics and role of two species of 

Lepidostoma (Trichoptera: Lepidostomatidae) in an Oregon coniferous forest 

stream. Ecology 61:808-816. 

Grant, J. W. A. and D. L. Kramer. 1990. Territory size as a predictor of the upper limit to 

population density of juvenile salmonids in streams. Canadian Journal of 

Fisheries and Aquatic Sciences 47:1724-1737. 



99 

 

Gregory, S. V., F. J. Swanson, W. A. McKee, and K. W. Cummins. 1991. An Ecosystem 

Perspective of Riparian Zones. Bioscience 41:540-551. 

Gresswell, R. E. 1988. Status and management of interior stocks of cutthroat trout. 

American Fisheries Society, Bethesda, Md. 

Hansen, D. R. 1971. Stream channelization effects on fishes and bottom fauna in the 

Little Sioux River, Iowa. North Central Division, American Fisheries Society. 

Heggenes, J., A. Brabrand, and S. J. Saltveit. 1990. Comparison of three methods for 

studies of stream habitat use by young Brown Trout and Atlantic Salmon. 

Transactions of the American Fisheries Society 119:101-111. 

Hillman, T. W., J. W. Mullan, and J. S. Griffith. 1992. Accuracy of underwater counts of 

juvenile Chinook Salmon, Coho Salmon, and Steelhead. North American Journal 

of Fisheries Management 12:598-603. 

Hooke, J. M. 2008. Temporal variations in fluvial processes on an active meandering 

river over a 20-year period. Geomorphology 100:3-13. 

Hynes, H. B. N. 1970. The ecology of running waters. University of Toronto Press, 

Toronto. 

Iversen, T. M., B. Kronvang, B. L. Lauge, P. N. Markmann, and M. B. Nielsen. 1993. 

Re-establishment of Danish streams: restoration and maintenance measures. 

Aquatic Conservation: Marine and Freshwater Ecosystems 3:73-92. 

Jenkins, R. A., K. R. Wade, and E. Pugh. 1984. Macroinvertebrate-habitat relationships 

in the river Teifi catchment and the significance to conservation. Freshwater 

Biology 14:23-42. 

Johnsson, J. I., A. Rydeborg, and L. F. Sundström. 2004. Predation risk and the territory 

value of cover: An experimental study. Behavioral Ecology and Sociobiology 

56:388-392. 

Jowett, I. G. 2003. Hydraulic constraints on habitat suitability for benthic invertebrates in 

gravel-bed rivers. River Research and Applications 19:495-507. 

Jowett, I. G., J. Richardson, B. J. F. Biggs, C. W. Hickey, and J. M. Quinn. 1991. 

Microhabitat preferences of benthic invertebrates and the development of 

generalized deleatidium spp habitat suitability curves, applied to 4 New Zealand 

rivers. New Zealand Journal of Marine and Freshwater Research 25:187-199. 

Jowett, I. G., J. Richardson, and M. L. Bonnett. 2005. Relationship between flow regime 

and fish abundances in a gravel-bed river, New Zealand. Journal of Fish Biology 

66:1419-1436. 

Joyce, M. P. and W. A. Hubert. 2003. Snorkeling as an alternative to depletion 

electrofishing for assessing Cutthroat Trout and Brown Trout in stream pools. 

Journal of Freshwater Ecology 18:215-222. 

Kauffman, J. B., R. L. Beschta, N. Otting, and D. Lytjen. 1997. An ecological perspective 

of riparian and stream restoration in the western United States. Fisheries 22:12-

24. 

Kawaguchi, Y., Y. Taniguchi, and S. Nakano. 2003. Terrestrial invertebrate inputs 

determine the local abundance of stream fishes in a forested stream. Ecology 

84:701-708. 

Keller, E. A. 1976. Pools, riffles and channelization. Environmental Geology 2:119-127. 



100 

 

Kroes, D. E. and C. R. Hupp. 2010. The effect of channelization on floodplain sediment 

deposition and subsidence along the Pocomoke River, Maryland. Journal of the 

American Water Resources Association 46:686-699. 

Kruse, C. G., W. A. Hubert, and F. J. Rahel. 1998. Single-pass electrofishing predicts 

trout abundance in mountain streams with sparse habitat. North American Journal 

of Fisheries Management 18:940-946. 

Laasonen, P., T. Muotka, and I. Kivijarvi. 1998. Recovery of macroinvertebrate 

communities from stream habitat restoration. Aquatic Conservation-Marine and 

Freshwater Ecosystems 8:101-113. 

Laeser, S. R., C. V. Baxter, and K. D. Fausch. 2005. Riparian vegetation loss, stream 

channelization, and web-weaving spiders in northern Japan. Ecological Research 

20:646-651. 

Lamberti, G. A., S. V. Gregory, L. R. Ashkenas, R. C. Wildman, and A. D. Steinman. 

1989. Infliuence of channel geomorphology on retention of dissolved and 

particulate matter in a cascade mountain stream . Proceedings of the California 

Riparian Systems Conference: Protection, Management, and Restoration for the 

1990s 110:33-39. 

Lancaster, J. and A. G. Hildrew. 1993. Flow refugia and the microdistribution of lotic 

macroinvertebrates. Journal of the North American Benthological Society 12:385-

393. 

Landwehr, K. and B. L. Rhoads. 2003. Depositional response of a headwater stream to 

channelization, east central Illinois, USA. River Research and Applications 19:77-

100. 

Lau, J. K., T. E. Lauer, and M. L. Weinman. 2006. Impacts of channelization on stream 

habitats and associated fish assemblages in east central Indiana. American 

Midland Naturalist 156:319-330. 

Lenat, D. R., D. L. Penrose, and K. W. Eagleson. 1981. Variable effects of sediment 

addition on stream benthos. Hydrobiologia 79:187-194. 

Lepori, F., D. Palm, E. Brannas, and B. Malmqvist. 2005. Does restoration of structural 

heterogeneity in streams enhance fish and macroinvertebrate diversity? Ecological 

Applications 15:2060-2071. 

Lyons, J. 1992. The length of stream to sample with a towed electrofishing unit when fish 

species richness is estimated. North American Journal of Fisheries Management 

12:198-203. 

MacDonald, R. 2011. Personal Communication. University of Lethbridge. 

Magoulick, D. D. and M. A. Wilzbach. 1997. Microhabitat selection by native Brook 

Trout and introduced Rainbow Trout in a small Pennsylvania stream. Journal of 

Freshwater Ecology 12:607-614. 

McPhail, J. D. and P. M. Troffe. 1988. The Mountain Whitefish (Prosopium 

williamsoni): a potential indicator species for the Fraser System. in E. C. B. 

Environment Canada, editor., Vancouver, British Columbia. 

Meador, M. R., J. P. McIntyre, and K. H. Pollock. 2003. Assessing the efficacy of single-

pass backpack electrofishing to characterize fish community structure. 

Transactions of the American Fisheries Society 132:39-46. 



101 

 

Minshall, G. W. 1984. Aquatic insect-substratum relationships. In V.H. Resh and D.M. 

Rosenberg (eds.), The ecology of aquatic insects. . Pages 358-400. Praeger 

Publishers, New York. 

Moerke, A. H., K. J. Gerard, J. A. Latimore, R. A. Hellenthal, and G. A. Lamberti. 2004. 

Restoration of an Indiana, USA, stream: bridging the gap between basic and 

applied lotic ecology. Journal of the North American Benthological Society 

23:647-660. 

Montgomery, D. R. and J. M. Buffington. 1997. Channel-reach morphology in mountain 

drainage basins. Geological Society of America Bulletin 109:596-611. 

Mullner, S. A., W. A. Hubert, and T. A. Wesche. 1998. Snorkeling as an alternative to 

depletion electrofishing for estimating abundance and length-class frequencies of 

trout in small streams. North American Journal of Fisheries Management 18:947-

953. 

Muotka, T. and P. Laasonen. 2002. Ecosystem recovery in restored headwater streams: 

the role of enhanced leaf retention. Journal of Applied Ecology 39:145-156. 

Muotka, T., R. Paavola, A. Haapala, M. Novikmec, and P. Laasonen. 2002. Long-term 

recovery of stream habitat structure and benthic invertebrate communities from 

in-stream restoration. Biological Conservation 105:243-253. 

Murphy, B. R. and D. W. Willis. 1996. Fisheries Techniques. second edition. American 

Fisheries Society, Bethesda. 

Myers, M. J. and V. H. Resh. 2000. Undercut banks: A habitat for more than just trout. 

Transactions of the American Fisheries Society 129:594-597. 

Negishi, J. N., M. Inoue, and M. Nunokawa. 2002. Effects of channelisation on stream 

habitat in relation to a spate and flow refugia for macroinvertebrates in northern 

Japan. Freshwater Biology 47:1515-1529. 

Nelson, J. S. and M. J. Paetz, editors. 1992. The Fishes of Alberta. The University of 

Alberta Press, Edmonton. 

Nielsen, J. L. 1998. Scientific sampling effects: Electrofishing California's endangered 

fish populations. Fisheries 23:6-12. 

Nordwall, F. 1999. Movements of Brown Trout in a small stream: Effects of 

electrofishing and consequences for population estimates. North American 

Journal of Fisheries Management 19:462-469. 

Nunnally, N. R. 1978. Stream renovation -Alternative to channelization. Environmental 

Management 2:403-411. 

Nunnally, N. R. 1985. Application of fluvial relationships to planning and design of 

channel modifications. Environmental Management 9:417-425. 

Nunnally, N. R. and E. Keller. 1979. Use of fluvial processes to minimize adverse effects 

of stream channelization. Water Resources Research Institute of the University of 

North Carolina, Raleigh, N.C. 

O.R.D.E.A.C. 2001. Final Recommendations. Oldman River Dam Environmental 

Advisory Committee 

Oscoz, J., P. M. Leunda, R. Miranda, C. García-Fresca, F. Campos, and M. C. Escala. 

2005. River channelization effects on fish population structure in the Larraun 

River (Northern Spain). Hydrobiologia 543:191-198. 



102 

 

Overton, C. K., D. A. Grove, and D. W. Johnson. 1978. Food habits of Rocky Mountain 

Whitefish (Prosopium williamsoni) from the Teton River in relation to their age 

and growth. Northwest Science 52:226-232. 

Paul, A. J. and J. R. Post. 2001. Spatial distribution of native and nonnative salmonids in 

streams of the eastern slopes of the Canadian Rocky Mountains. Transactions of 

the American Fisheries Society 130:417-430. 

Pedersen, M. L. 2009. Effects of channelisation, riparian structure and catchment area on 

physical habitats in small lowland streams. Fundamental and Applied Limnology 

174:89-99. 

Pettit, S. W. and R. L. Wallace. 1975. Age,  growth, and movement of Moutain 

Whitefish, Prosopium williamsoni (girard), in North Fork Clearwater River, 

Idaho. Transactions of the American Fisheries Society 104:68-76. 

Pontius, R. W. and M. Parker. 1973. Food Habits of Mountain Whitefish,  Prosopium 

williamsoni. Transactions of the American Fisheries Society 102:764-773. 

Quinn, J. M., R. B. Williamson, R. K. Smith, and M. L. Vickers. 1992. Effects of riparian 

grazing and channelization on streams in Southland, New Zealand. 2. Benthic 

Invertebrates. New Zealand Journal of Marine and Freshwater Research 26:259-

273. 

Rabeni, C. F. and R. B. Jacobson. 1993. The importance of fluvial hydraulics to fish 

habitat restoration in low gradient alluvial streams. Freshwater Biology 29:211-

220. 

Rambaud, M., I. Combroux, J. Haury, J. Moret, N. Machon, M. Zavodna, and S. Pavoine. 

2009. Relationships between channelization structures, environmental 

characteristics, and plant communities in four French streams in the Seine-

Normandy catchment. Journal of the North American Benthological Society 

28:596-610. 

Rasmussen, J. B. 2010. Estimating terrestrial contribution to stream invertebrates and 

periphyton using a gradient-based mixing model for delta 13C. Journal of Animal 

Ecology 79:393-402. 

Reeves, G. H., J. D. Hall, T. D. Roelofs, T. L. Hickman, and C. O. Baker. 1991. 

Rehabilitating and modifying stream habitats. Pages 519-557 in W. R. Meehan, 

editor. Influences of Forest and Rangeland Management on Salmonid Fishes and 

Their Habitats. American Fisheries Society, Bethesda. 

Reice, S. R. 1980. The role of substratum in benthic macroinvertebrate micro-distribution 

and litter decomposition in a woodland stream. Ecology 61:580-590. 

Reily, P. W. and W. C. Johnson. 1982. The effects of altered hydrologic regime on tree 

growth along the Missouri River in North Dakota. Canadian Journal of Botany 

60:2410-2423. 

Resh, V. R. and D. M. Rosenberg, editors. 1984. The Ecology of Aquatic Insects. Praeger 

Publishers, New York. 

Reynolds, L., A. T. Herlihy, P. R. Kaufmann, S. V. Gregory, and R. M. Hughes. 2003. 

Electrofishing effort requirements for assessing species richness and biotic 

integrity in western Oregon streams. North American Journal of Fisheries 

Management 23:450-461. 

Rhoads, B. L. 1990. The impact of stream channelization on the geomorphic stability of 

an arid region river. National Geographic Research 6:157-177. 



103 

 

Rodgers, J. D., M. F. Solazzi, S. L. Johnson, and M. A. Buckman. 1992. Comparison of 

three techniques to estimate juvenile coho salmon populations in small streams. 

North American Journal of Fisheries Management 12:79-86. 

Roni, P., T. J. Beechie, R. E. Bilby, F. E. Leonetti, M. M. Pollock, and G. R. Pess. 2002. 

A review of stream restoration techniques and a hierarchical strategy for 

prioritizing restoration in Pacific northwest watersheds. North American Journal 

of Fisheries Management 22:1-20. 

Rosenfeld, J. S. and L. Huato. 2003. Relationship between large woody debris 

characteristics and pool formation in small coastal British Columbia streams. 

North American Journal of Fisheries Management 23:928-938. 

Rosgen, D. L. 1994. A classification of natural rivers. Catena 22:169-199. 

Roth, T. R., M. C. Westhoff, H. Huwald, J. A. Huff, J. F. Rubin, G. Barrenetxea, M. 

Vetterli, A. Parriaux, J. S. Selker, and M. B. Parlange. 2010. Stream temperature 

response to three riparian vegetation scenarios by use of a distributed temperature 

validated model. Environmental Science & Technology 44:2072-2078. 

Schill, D. J. and J. S. Griffith. 1984. Use of underwater observations to estimate Cutthroat 

Trout abundance in the Yellowstone River. North American Journal of Fisheries 

Management 4:4B:479-487. 

Seiler, S. M. and E. R. Keeley. 2009. Competition between native and introduced 

salmonid fishes: Cutthroat Trout have lower growth rate in the presence of 

Cutthroat-Rainbow Trout hybrids. Canadian Journal of Fisheries and Aquatic 

Sciences 66:133-141. 

Smiley, P. C. and E. D. Dibble. 2008. Influence of spatial resolution on assessing 

channelization impacts on fish and macroinvertebrate communities in a 

warmwater stream in the southeastern United States. Environmental Monitoring 

and Assessment 138:17-29. 

Smith, D. L. and E. L. Brannon. 2007. Influence of cover on mean column hydraulic 

characteristics in small pool riffle morphology streams. River Research and 

Applications 23:125-139. 

Smock, L. A., J. E. Gladden, J. L. Riekenberg, L. C. Smith, and C. R. Black. 1992. Lotic 

macroinvertebrate production in 3 dimensions - channel surface, hyporheic, and 

flooplain environments. Ecology 73:876-886. 

Stewart, G. B., H. R. Bayliss, D. A. Showler, W. J. Sutherland, and A. S. Pullin. 2009. 

Effectiveness of engineered in-stream structure mitigation measures to increase 

salmonid abundance: A systematic review. Ecological Applications 19:931-941. 

Thompson, D. M. 2006. Did the pre-1980 use of in-stream structures improve streams? A 

reanalysis of historical data. Ecological Applications 16:784-796. 

Thompson, K. G., E. P. Bergersen, and R. B. Nehring. 1997a. Injuries to Brown Trout 

and Rainbow Trout induced by capture with pulsed direct current. North 

American Journal of Fisheries Management 17:141-153. 

Thompson, K. G., E. P. Bergersen, R. B. Nehring, and D. C. Bowden. 1997b. Long-term 

effects of electrofishing on growth and body condition of Brown Trout and 

Rainbow Trout. North American Journal of Fisheries Management 17:154-159. 

Thurow, R. F. 1994. Underwater methods for study of salmonids in the Intermountain 

West. US Forest Service. 



104 

 

Thurow, R. F. and D. J. Schill. 1996. Comparison of day snorkeling, night snorkeling, 

and electrofishing to estimate bull trout abundance and size structure in a second-

order Idaho stream. North American Journal of Fisheries Management 16:314-

323. 

Tippets, W. E. and P. B. Moyle. 1978. Epibenthic feeding by Rainbow Trout (Salmo 

gairdneri) in the McCloud River, California. Journal of Animal Ecology 47:549-

559. 

Townsend, C. R. 1989. The patch dynamics concept of stream community ecology. 

Journal of the North American Benthological Society 8:36-50. 

Wallace, J. B., S. L. Eggert, J. L. Meyer, and J. R. Webster. 1997. Multiple trophic levels 

of a forest stream linked to terrestrial litter inputs. Science 277:102-104. 

Wallace, J. B. and R. W. Merritt. 1980. Filter-feeding ecology of aquatic incsects. Annual 

Review of Entomology 25:103-132. 

Waters, T. F. 1965. Interpretation of invertebrate drift in streams. Ecology 46:327-334. 

Webster, J. R., A. P. Covich, J. L. Tank, and T. V. Crockett. 1994. Retention of coarse 

organic particles in streams in the southern appalachian mountains. Journal of the 

North American Benthological Society 13:140-150. 

Wildman, T. L. and R. M. Neumann. 2003. Comparison of snorkeling and electrofishing 

for estimating abundance and size structure of Brook Trout and Brown Trout in 

two southern New England streams. Fisheries Research 60:131-139. 

Williamson, R. B., R. K. Smith, and J. M. Quinn. 1992. Effects of riparian grazing and 

channelization on streams in Southland, New Zealand. 1. Channel form and 

stability. New Zealand Journal of Marine and Freshwater Research 26:241-258. 

Young, M. K. 2011. Generation-scale movement patterns of Cutthroat Trout 

(Oncorhynchus clarkii pleuriticus) in a stream network. Canadian Journal of 

Fisheries and Aquatic Sciences 68:941-951. 

Zubik, R. J. and J. J. Fraley. 1988. Comparison of snorkel and mark-recapture estimates 

of trout populations in large streams. North American Journal of Fisheries 

Management 8:58-62. 

Zweig, L. D. and C. F. Rabeni. 2001. Biomonitoring for deposited sediment using benthic 

invertebrates: A test on 4 Missouri streams. Journal of the North American 

Benthological Society 20:643-657. 

 



 

 

 

 

 


