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ABSTRACT 

An estimated 90% of resident sculpin (Cottus asper and C. aleuticus) were impacted by a spill of 

45,000 litres of sodium hydroxide, which occurred on the Cheakamus River, British Columbia 

on August 5, 2005. This study examined sculpin biology, life history, how sculpins are 

recovering from the impact, and whether they are re-entering the Cheakamus River from the 

adjacent Squamish and Mamquam Rivers. Sculpins were sampled in the three river systems via 

minnow trapping and electrofishing. Morphometric data were recorded and fin clips were taken 

as deoxyribonucleic acid vouchers to validate field species identification and to determine 

population distinctiveness among the three systems. Populations were not distinct, suggesting 

recolonization from other rivers is occurring. The data show sculpins will undergo seasonal 

downstream spawning migrations and also suggest sculpins are opportunistic habitat colonizers. 

This research bears useful implications for the adaptive management, recovery, and 

sustainability of sculpins in the Cheakamus River. 



Investigating Cottid Recolonization   iii 

ACKNOWLEDGEMENTS 

First and foremost, I would like to thank my thesis advisor Dr. Tom A. Watson for his 

invaluable support and confidence in my work, and my graduate committee members Dr. Lenore 

Newman and Dr. Tony Boydell for their time to review this work and provide valuable feedback. 

I am deeply thankful for the invaluable support provided by Triton Environmental Consultants 

Ltd. This research would not have been possible without their collaboration and field support, 

which was critical to this project moving forward. I would like to extend special thanks to Erika 

Paradis and Peter Frederiksen for their time, advice, and valuable questioning. I am very grateful 

to Canadian National Railway and the Cheakamus Ecosystem Recovery Technical Committee 

for their research grant, collaboration, and support. I would also like to thank the District of 

Squamish for the support they have provided, and to Dr. Eric Taylor’s lab at the University of 

British Columbia for taking the time to meet with me. Finally, I am very grateful to my dear 

husband, Eric Armour, for creating a supportive environment within which I could see this 

project through to fruition. 



Investigating Cottid Recolonization   iv 

TABLE OF CONTENTS 

Abstract ......................................................................................................................................ii 

Acknowledgements....................................................................................................................iii 

List of Figures............................................................................................................................vi 

List of Tables............................................................................................................................vii 

Chapter One: Introduction...........................................................................................................1 
Research Focus .....................................................................................................................4 

Research Objectives ........................................................................................................6 

Chapter Two: Literature Review .................................................................................................7 
The Study Site.......................................................................................................................7 

Geological Overview.......................................................................................................7 
Regional Hydrology ...................................................................................................... 10 

Squamish River ....................................................................................................... 10 
Mamquam River...................................................................................................... 11 
Cheakamus River .................................................................................................... 12 

Sculpin Distribution and Biology ........................................................................................ 13 
Distribution ................................................................................................................... 14 
Taxonomy and Hybridization ........................................................................................ 16 
Biology and Behaviour.................................................................................................. 19 

Prickly Sculpin, C. asper ......................................................................................... 20 
Coastrange Sculpin, C. aleuticus.............................................................................. 22 

Cheakamus Ecosystem: Post-Spill Status ............................................................................ 23 
Monitoring .................................................................................................................... 23 
Recovery Targets .......................................................................................................... 24 
Recovery Strategy ......................................................................................................... 24 
Ecosystem Recovery ..................................................................................................... 25 

Sculpin Unknowns and Research Challenges ...................................................................... 26 
Importance of Study – Significance of Research.................................................................. 27 

Chapter Three: Research Methodology ..................................................................................... 30 
Site Selection and Habitat ................................................................................................... 30 
Water Quality...................................................................................................................... 31 
Fish Sampling ..................................................................................................................... 32 
DNA Testing....................................................................................................................... 35 
Data Analysis and Statistical Methods................................................................................. 36 

Chapter Four: Results ............................................................................................................... 39 
Length-Frequency and Age Classes..................................................................................... 40 
Length–Weight Relationships ............................................................................................. 43 
Effect of River System on Sculpin Size............................................................................... 45 
Site Characteristics.............................................................................................................. 46 



Investigating Cottid Recolonization   v 

Water Quality................................................................................................................ 46 
Hydrology and Habitat .................................................................................................. 49 

Chapter Five: Discussion .......................................................................................................... 52 
Population Structure............................................................................................................ 52 
Population Distinctiveness .................................................................................................. 54 
Implications for Management.............................................................................................. 55 

Chapter Six: Conclusions and Recommendations...................................................................... 58 
Conclusions ........................................................................................................................ 58 
Recommendations............................................................................................................... 59 

References ................................................................................................................................ 61 

Appendix A: Hydrographs for the Squamish, Mamquam, and Cheakamus Rivers ..................... 71 

Appendix B: Minnow Trap and Electrofishing Sampling Locations and Dates on the 
Cheakamus, Squamish, and Mamquam Rivers .................................................................... 74 

Appendix C: Summary of Electrofish Site Characteristics......................................................... 80 

Appendix D: List of Relevant Fish Sampling Permits................................................................ 81 
 



Investigating Cottid Recolonization   vi 

LIST OF FIGURES 

Figure 1. Map of the Cheakamus River, BC, depicting the site of the 2005 train derailment, 
the anadromous barrier consisting of a series of waterfalls, cascades and velocity 
barriers blocking the upstream migration of fish, the Department of Fisheries and 
Oceans Canada (DFO) Fish Hatchery, the North Vancouver Outdoor School 
(NVOS) Fish Hatchery, and adjacent river systems. Map datum Universal 
Transverse Mercator (UTM) North American Datum (NAD) 83, Zone 10....................2 

Figure 2. Map of Lower Squamish River, BC, adjacent river systems, the Daisy Lake 
hydroelectric dam, the Cheakamus powerhouse, Mount (MT) Cayley and 
Garibaldi. Map datum UTM NAD 83, Zone 10. ...........................................................8 

Figure 3. Photograph of a coastrange sculpin, C. aleuticus. .......................................................34 

Figure 4. Photograph of a prickly sculpin, C. asper. ..................................................................34 

Figure 5. Length–frequency distribution of coastrange sculpin in the Cheakamus River............41 

Figure 6. Length–frequency distribution of coastrange sculpin in the Mamquam River. ............42 

Figure 7. Length–weight relationship for coastrange sculpin in the Cheakamus, Mamquam, 
and Squamish Rivers..................................................................................................44 

 



Investigating Cottid Recolonization   vii 

LIST OF TABLES 

Table 1. Morphological Differences Between Prickly and Coastrange Sculpins ........................18 

Table 2. Site Characteristics Measured During Field Sampling .................................................31 

Table 3. t Test for Mean Length (mm) of Coastrange and Prickly Sculpin per Sampling 
Methodology and per Drainage...................................................................................39 

Table 4. t Test for Mean Weight (g) of Coastrange and Prickly Sculpin per Sampling 
Methodology and per Drainage...................................................................................40 

Table 5. Coastrange and Prickly Sculpin Lengths in the Cheakamus, Mamquam, and 
Squamish River Systems ............................................................................................41 

Table 6. Mean Total Lengths (mm) of Coastrange Sculpins for Estimated Age Classes.............42 

Table 7. Coastrange and Prickly Sculpin Weights in the Cheakamus, Mamquam, and 
Squamish River Systems ............................................................................................43 

Table 8. Mean Condition Factors for Coastrange and Prickly Sculpins in the Mamquam, 
Squamish, and Cheakamus Rivers ..............................................................................45 

Table 9. Summary of Minnow Trap Site Water Quality Data ....................................................48 

Table 10. Summary of Electrofish Site Water Quality Data.......................................................49 

Table 11. Summary of Minnow Trap Site Habitat Characteristics .............................................50 

Table 12. Summary of Electrofish Site Habitat Characteristics..................................................51 

 

 



Investigating Cottid Recolonization   1 

CHAPTER ONE: INTRODUCTION 

On August 5, 2005, an accidental train derailment occurred approximately 15 km north of 

Squamish, British Columbia (BC), located in southwestern BC on the Pacific coast of Canada 

(Transportation Safety Board of Canada, 2007; see also Figure 1). This derailment resulted in the 

release of 45,000 L of sodium hydroxide (NaOH) into the Cheakamus River canyon (Teal 

Solutions, 2005), hereinafter referred to as the spill. The spill occurred approximately 2 km 

upstream of the anadromous portion of the Cheakamus River (McCubbing, Melville, Wilson, & 

Foy, 2006; see also Figure 1). The anadromous portion of the river is identified as extending 

from the confluence with the Squamish River to barriers comprised of cascades and waterfalls at 

river km 17 (see Figure 1). The Government of BC, Ministry of Environment (2008) indicated 

these barriers prevent the upstream migration of fish, including anadromous species, which 

spend a portion of their lifetime in the ocean and spawn in freshwater, such as steelhead trout 

(Oncorhynchus mykiss), chinook salmon (O. tshawytshcha), pink salmon (O. gorbushca), 

sockeye salmon (O. nerka), chum salmon (O. keta), and coho salmon (O. kisutch). Also 

downstream of the spill site are two fish hatcheries, the Department of Fisheries and Oceans 

Canada (DFO) Tenderfoot Creek Fish Hatchery and the North Vancouver Outdoor School Fish 

Hatchery (see Figure 1). 
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Figure 1. Map of the Cheakamus River, BC, depicting the site of the 2005 train derailment, the 
anadromous barrier consisting of a series of waterfalls, cascades and velocity barriers blocking 
the upstream migration of fish, the Department of Fisheries and Oceans Canada (DFO) Fish 
Hatchery, the North Vancouver Outdoor School (NVOS) Fish Hatchery, and adjacent river 
systems. Map datum Universal Transverse Mercator (UTM) North American Datum (NAD) 83, 
Zone 10.1 

McCubbing et al. (2006) indicated, although the sodium hydroxide did not persist in the 

river, it caused mortalities to an estimated 90% of anadromous and resident free-swimming fish 

in the river at the time of the spill, including adult and young salmon (O. gorbushca, O. kisutch, 

and O. tshawytshcha), steelhead trout, cutthroat trout (O. clarkii), char (Salvelinus malma and S. 

                                                

1 From Cheakamus River Watershed (p. 1), by Triton Environmental Consultants Ltd., 2007, Vancouver, 
BC, Canada: Author. Copyright 2007 by Triton Environmental Consultants Ltd. Adapted with 
permission. 
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confluentus), lamprey (Lampetra richardsoni, L. tridentatus, and possibly L. ayresii), stickleback 

(Gasterosteus aculeatus) and sculpin (Cottus asper and C. aleuticus). An estimated 500,000 fish 

died from epidermal burns and gill haemorrhaging leading to suffocation (Government of British 

Columbia, Ministry of Environment, n.d.), and it was estimated 90% of all resident sculpin were 

impacted (McCubbing et al., 2006). 

Little is known about the ability of the prickly (C. asper) and coastrange sculpin 

(C. aleuticus) to recover from the extent of mortalities observed in this impact. In addition, their 

resilience, measured as the time it takes for the population to double, is suspected to be “very 

low” (Triton Environmental Consultants Ltd. [Triton], 2006a, p. 34) for prickly sculpin, defined 

as a minimum population doubling time greater than 14 years, and “medium” (p. 34) for 

coastrange sculpin, defined as a minimum population doubling time between 1.5 and 4.5 years. 

Furthermore, species exhibiting stream residencies of a year or more, such as prickly and 

coastrange sculpin, are more susceptible to habitat disturbances such as loss of habitat 

complexity, loss of cover, and reduction in streambank stability (Cantara Trustee Council, 2007; 

Slaney & Martin, 1997). Surveys performed since the spill have documented increasing sculpin 

numbers and suggest natural recolonization and recovery is occurring (Triton, 2007a, 2008a, 

2009a). At the time of this study, it remained uncertain whether the sculpin were recovering from 

within the surviving Cheakamus River populations or whether sculpin were re-entering the 

Cheakamus River from other river systems such as the Squamish or Mamquam Rivers (see 

Figure 1). 

Diagnosing population distinctiveness is a useful tool in species management and 

recovery and can be used to determine how sculpins are recovering in the Cheakamus River 

(Andrusak et al., 2000; Crandall, Bininda-Emonds, Mace, & Wayne, 2000). Within a species, 
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Crandall et al. described ecological exchangeability as the potential for individuals to move 

between geographically distinct populations and successfully occupy the same ecological niche 

or selective regime. Crandall et al. went on to define genetic exchangeability as ample gene flow 

between populations. If populations are challenged to inter-breed due to factors such as location 

and habitat range, then reduction in the physical connectivity of populations could lead to a 

restriction of gene flow and thus a reduction in genetic exchangeability (Crandall et al., 2000). 

Therefore, population distinctiveness, a function of physical isolation, can be identified at the 

level of the genome and genetic analysis can be used to identify population connectivity and 

distinctiveness (Andrusak et al., 2000; Schwartz, Luikart, & Waples, 2007). 

Research Focus 

It is unknown whether the sculpins in the Cheakamus River are distinct from the 

populations in the Squamish and Mamquam Rivers. This study investigated whether the two 

resident sculpin species in the Cheakamus River are genetically distinct from respective 

populations in the Squamish and Mamquam Rivers in order to determine whether sculpin are 

moving into the Cheakamus River from other river systems and to understand how this might 

relate to the recovery of sculpins in the Cheakamus River. Two types of molecular analyses were 

applicable to this research to determine genetic and population distinctiveness. These included 

microsatellite loci on nuclear deoxyribonucleic acid (DNA) as well as mitochondrial DNA 

(mtDNA) barcoding (Taylor & Gow, 2008). Through collaboration with Triton Environmental 

Consultants Ltd. (Triton) as well as researchers from the University of British Columbia these 

techniques were considered and applied for this project. 

The data generated in this study complements work undertaken as part of the Cheakamus 

Ecosystem Recovery Plan (Triton, 2006a, 2007a, 2008a) as well as the Cheakamus River 
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Resident Fish Abundance Monitoring Program (Triton, 2006b, 2008c, 2009a, 2010), a program 

to monitor recovery of select fish species in the Cheakamus River, including sculpins. In addition 

to the data collected for my research, Triton (2009a) has provided data collected from the 

Cheakamus River for the Resident Fish Abundance Monitoring Program (RAMP) as part of the 

collaborative work between myself, as the researcher, and Triton. This additional data set was 

gathered prior to the initiation of my research and data were collected according to the same 

methodology described in this report. This additional data set targets populations in the 

Cheakamus River only, and the sampling was conducted in the fall of 2007. Triton and Canadian 

National Railway control the rights to this data set and offered the data with the permission to 

use it for the purposes of this study. As part of this data sharing agreement, I have participated in 

some of Triton’s ongoing field studies. 

Though several recovery efforts and monitoring programs in the Cheakamus River 

ecosystem have been developed following the spill, the majority of these efforts focus on 

salmonid species (Triton, 2007a). In addition to complementing current recovery projects and 

initiatives, this study provides a literature review of sculpin biology and information about the 

source of C. asper and C. aleuticus recolonization by examining the genetic distinctiveness 

between sculpin populations in the Cheakamus, Squamish, and Mamquam Rivers using 

information from systems unaffected by the sodium hydroxide spill as a point of reference. 

Further to investigating the movement of sculpins across local river systems, this project 

provides information about sculpin biology such as local sculpin life history and habitat 

preference, physical factors affecting sculpin habitat, and comparisons of the relative population 

structure of the two species within each watershed. This research contributes to management 
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options and considerations as they relate to the sustainability of the sculpin species in the 

Cheakamus, Squamish, and Mamquam drainages. 

Research Objectives 

The research objectives of this project were to: 

1. Conduct a literature review on sculpins with an emphasis on C. asper, C. aleuticus, 

and other coastal sculpins, including those in watersheds similar to the local 

watersheds in Squamish, BC. 

2. Collect information about sculpin biology, habitat preferences, and biological data 

(e.g., length and weight) from the Squamish, Mamquam, and Cheakamus River 

watersheds. 

3. Collect 30 to 50 fin clips per species (C. asper and C. aleuticus) per river system 

(Squamish, Mamquam, and Cheakamus Rivers) using minnow trapping and 

electrofishing and to submit the samples to Dr. Eric Taylor’s laboratory at the 

University of British Columbia for mitochondrial and microsatellite DNA analysis. 

4. Analyze the collected data and conduct relevant statistical analyses in order to 

understand the relative population structure of C. asper and C. aleuticus within each 

of the three watersheds. 

5. Determine whether sculpin recolonization is occurring within the Cheakamus River 

and whether relative sculpin population structure is different across the three river 

systems in the Squamish River drainage. 
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CHAPTER TWO: LITERATURE REVIEW 

The Study Site 

The Squamish, Mamquam, and Cheakamus River watersheds are three of several 

drainage basins within southwestern BC’s Coastal Mountain range with mainstems flowing 

through the Squamish–Lillooet Regional District, north of Vancouver, BC. The Squamish River 

originates in the Pemberton Icefield and flows into the head of Howe Sound where the District of 

Squamish is located (see Figure 2). The Squamish River drains a watershed of approximately 

3,650 km2 in area (Transportation Safety Board of Canada, 2007) and is approximately 150 km 

long (Paige & Hickin, 2000), representing approximately 90% of all the water that enters Howe 

Sound (Turner, Feeney, & Broughton, 1991). The Mamquam and Cheakamus Rivers are both 

tributary to the Squamish River and flow into the Squamish River within 10 km of its confluence 

with Howe Sound; other tributaries entering the Squamish River include the Elaho River and 

Ashlu Creek (see Figure 2). 

Geological Overview 

The Howe Sound drainage basin in southwestern BC’s Cascade mountain range was 

created by a geologically dynamic past. This area marks the northern end of the Cascade 

volcanic chain, which originates in California (Friele & Clague, 2004). Also known as the 

Garibaldi Volcano Belt, the area includes three main volcanic centres: Mount Meager to the 

north; Mount Caley in the centre—located north-west of Daisy Lake; and Mount Garibaldi to the 

south—located south of Garibaldi Lake (Bent, Grupe, & Lee, 1994; Friele & Clague, 2004; see 

also Figure 2). These mountains and volcanoes were formed in the Quaternary Period, within the 

last 1.6 million years (Evans & Savigny, 1994). 
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Figure 2. Map of Lower Squamish River, BC, adjacent river systems, the Daisy Lake 
hydroelectric dam, the Cheakamus powerhouse, Mount (MT) Cayley and Garibaldi. Map datum 
UTM NAD 83, Zone 10.2 

Mount Meager last erupted 2,400 years ago, sending a layer of pumice throughout its 

vicinity and ash as far east as Alberta; historically, there has been a high frequency of landslides 

                                                
2 From Lower Squamish River Overview Map (p. 1), by Triton Environmental Consultants Ltd., 2009, 

Vancouver, BC, Canada: Author. Copyright 2009 by Triton Environmental Consultants Ltd. Adapted 
with permission. 
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in the Mount Meager area (Friele & Clague, 2004; Friele, Clague, Simpson, & Stasiuk, 2005). 

Mount Garibaldi was active at end of the Pleistocene Epoch, between 1.6 million and 10,000 

years ago. Its western flank erupted in part on ice and later collapsed during glacial retreat (Friele 

& Clague, 2004). Over the course of the Holocene Epoch, or the last 10,000 years, at least nine 

large landslides from Mount Cayley blocked Squamish River (Brooks & Hickin 1991; Evans & 

Brooks 1991; Friele & Clague, 2004). 

About 10,000 years ago, Howe Sound was scoured by the recession of the last ice age, 

which covered the area with ice 2 km thick (Evans & Savigny, 1994). This was part of an ice 

sheet that covered most of BC (Natural Resources Canada, 2008). The glaciers eroded features 

including Howe Sound, U-shaped valleys, sharp-crested mountain peaks such as Mount 

Garibaldi, and grooved bedrock surfaces; material removed by glacial erosion was deposited in 

valleys and lowlands (Natural Resources Canada, 2008). 

Volcanic activity was still occurring during the end of last glacial advance (Evans & 

Savigny, 1994). Pyroclastic deposits (deposits composed of volcanic material) and lava flows 

were built out onto ice-filled valleys, such as the lower Squamish valley on the western flank of 

Mount Garibaldi (Friele & Clague, 2002b). As the ice melted, volcanic materials collapsed and 

were reworked by streams flowing along the eastern side of the Squamish valley glacier. The 

sediments were re-deposited along the lower reaches of Cheekye River and Mashiter Creek 

(Friele & Clague, 2002b; see also Figure 2). Also at this time, and as a result of receding ice, a 

nascent Cheekye River flowed into the sea near the present confluence of the Squamish and 

Cheakamus rivers (see Figure 1). At this point in time, the sea extended farther north than it does 

today and is estimated to have extended as far north as the mouth of Ashlu Creek (Friele & 

Clague, 2002a; Friele, Ekes, & Hickin, 1999; Hickin, 1989; see also Figure 2). Volcanism from 



Investigating Cottid Recolonization   10 

the Garibaldi Volcanic Belt ceased after the end of the last ice age, approximately 5,000 years 

ago, and it is around this time it is thought the ancestors of current day First Nations inhabited 

Howe Sound (Squamish Sustainability Corporation, 2009). 

Over the last 10,000 years, large volumes of sediment have accumulated to create deltas, 

and floods have deposited silt and clay on the flat delta plains. Sand that reaches the river mouth 

may move into deep water, while mud accumulates in tidal marshes and on the ocean floor 

(Natural Resources Canada, 2008). In the Squamish River valley, this has resulted in a distinct 

down-valley gradation in river channel planform (the outline of an object viewed from above), 

where upstream is braided with mid-channel bars, while downstream is meandering with bank-

attached bars (Brierley, 1991). These areas are now protected by dykes, which were built in the 

1900s to prevent rivers from overtopping their banks. While the estuarine delta land provides 

ecological habitat for fish and migratory waterfowl, there are many competing pressures for the 

use of this land, including agriculture and urban and industrial growth (Natural Resources 

Canada, 2008). 

Regional Hydrology 

In general, floods occur during the late spring when warm weather is coupled with 

precipitation, causing rapid melting of alpine snow. Floods along smaller streams can occur at 

any time of the year, but are common in the late fall and early winter when precipitation is at its 

highest (Brierley, 1991). Flooding may occur along coastal areas when severe storms coincide 

with high winter tides (Natural Resources Canada, 2008). 

Squamish River 

The Squamish River lies within a glacially scoured valley whose origins are fault 

oriented and whose headwaters rise to more than 3,000 m in elevation (Paige & Hickin, 2000). 

Paige and Hickin described the fluvial cycle as being typical of rivers in glaciated basins, with 
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lower flows during the cool, wet winter months (averaging 80 m3/s) and increased flows during 

the warm, dry summer months (averaging 500 m3/s). See Appendix A, Figure A1 for mean, 

maximum and minimum monthly discharge flows. The seasonal snowmelt peak, or freshet, 

occurs between April and late July (Gibson & Hickin, 1997). Storms in the winter months often 

occur as rain-on-snow events, which lead to fluctuations in flow in the early winter months. 

During this time, the maximum instantaneous discharge can be several times the mean annual 

discharge of 250 m3/s, which can bring about significant channel changes in some reaches 

(Brierley, 1991; Paige & Hickin, 2000; Water Survey of Canada, 2009c). Annual precipitation in 

Squamish exceeds 2,000 mm with an annual average monthly temperature range of 0 to 15 °C 

(Brierley 1991; Hickin & Sichingabula, 1988). 

Floods caused by failure of landslide dams during the Holocene are responsible for 

channel instability downstream (Cruden & Lu, 1989; Friele & Clague, 2004; Hickin & 

Sichingabula, 1988). Present day bed and bank material is composed of sand, silt, and gravel, 

while larger material, such as cobbles and boulders, is associated with tributaries as well as 

debris flows and fans (Paige & Hickin, 2000). Current land use around the Squamish River 

includes forest harvesting, recreation, residential development, as well as port development in 

the estuary, leading to extensive dyking and flood plain loss (British Columbia Conservation 

Foundation, 2006; Golder Associates Ltd., 2005). 

Mamquam River 

The Mamquam River drains an area of approximately 360 km2, and is approximately 32 

km long (Friele & Clague, 2002a; see also Figure 1). Originating in Mamquam Pass at an 

elevation greater than 1,000 m, the river flows northwest and is joined by three main tributaries, 

Skookum Creek, Ring Creek, and Mashiter Creek, on its route towards the Squamish River. 

Flows are typically lower during the winter months, averaging 10 m3/s, and increase during the 
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summer months, averaging 35 m3/s (Water Survey of Canada, 2009b). See Appendix A, Figure 

A2 for mean, maximum, and minimum monthly discharge flows. 

Historically, the Mamquam River joined the Squamish River near present day downtown 

Squamish. In 1921, during a major flood event, the Mamquam River breached its riverbanks and 

changed course to empty into the Squamish River at its present location, approximately 6 km 

north of the head of Howe Sound (Squamish River Watershed Society, 2008; see also Figure 2). 

The river substrate is primarily composed of cobbles and boulders and land use such as forest 

harvesting has caused large volumes of sediment to be transported from upper to lower reaches 

of the river, resulting in some channel instability (Zaldokas, 1999). Land use includes forest 

harvesting, urban and residential development, industrial development such as rock quarries and 

a concrete batch plant, flood control, and recreation facilities such as golf clubs (British 

Columbia Conservation Foundation, 2006). 

Cheakamus River 

The Cheakamus River drains an area of 1,070 km2 (Triton, 2008a) and flows 

approximately 70 km from its source, located upstream of Cheakamus Lake at an elevation 

above 2,000 m in Garibaldi Provincial Park, to its confluence with the Squamish River in 

Squamish, BC (see Figure 1). River discharge is affected by the Daisy Lake hydroelectric dam 

located approximately 26 km upstream of its confluence with the Squamish River (see Figure 2), 

and this dam has formed Daisy Lake (Harper, Slaney, & Wilson, 2007; Marmorek & Parnell, 

2002; McCubbing et al., 2006). Sculpins have been documented upstream and downstream of the 

anadromous barrier as well as upstream of this dam (McCubbing et al., 2006; Triton, 2008a). 

The dam and reservoir divert a portion of the Cheakamus River’s annual discharge through an 

11-km tunnel to a powerhouse on the Squamish River (see Figure 2) and regulate the flow 

regime of the lower Cheakamus River (Marmorek & Parnell, 2002; McCubbing et al., 2006; 
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Triton, 2008a). The plant, which became operational in 1957, has the capacity to generate 155 

MW of power (Bridge Coastal Restoration Program, n.d.). According to Marmorek and Parnell 

(2002), diversion volumes and power production can vary with climate and regulation. 

Freshet occurs between May and August and annual precipitation is highest September to 

December. The reservoir is drawn-down in August and again in April to reduce the risk 

downstream flooding (Bridge Coastal Restoration Program, n.d.). The mean monthly discharge 

in the Cheakamus River at the confluence with the Squamish River is 33 m3/s, and ranges from 

17 m3/s during periods of low flow in the late winter to 78 m3/s during periods of high flow in 

the summer (McCubbing et al., 2006; Water Survey of Canada, 2009a). See Appendix A, Figure 

A3 for mean, maximum, and minimum monthly discharge flows. 

Land use in and adjacent to the Cheakamus River includes forest harvesting, 

hydroelectric power generation, land development and associated dyking, recreation such as 

kayaking, whitewater rafting and angling, two fish hatcheries, and a transportation corridor 

including Highway 99 and a railway track (British Columbia Conservation Foundation, 2006; 

Bent et al., 1994; Harper et al., 2007). This area also contains portions of territories claimed by 

the Squamish Nation as well as Squamish Nation Indian Reserves. 

Sculpin Distribution and Biology 

Sculpins are cool-water fishes belonging to the family Cottidae in the order 

Scorpaeniformes (McPhail, 2007). They can be found in marine, freshwater, and lacustrine 

environments. In North America, freshwater sculpins belong to the genus Cottus (McPhail, 

2007). 
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Distribution 

North American freshwater sculpins first appear in the fossil record in the late Miocene, 

approximately 10 million years ago (Cavender, 1998; Kimmel, 1975). These fossil records were 

found in Idaho in ancient lakebeds and contain fossils from the mid-Pliocene, approximately 3 

million years ago (Cavender, 1998; Smith, 1975). In Canada, a late Pleistocene fossil was 

discovered in the Yukon Territory (Cumbaa, McAllister, & Morlan, 1981). To date, no fossil 

sculpins are known from BC (McPhail, 2007). 

It is believed the advance and retreat of glaciers has led to the present-day distribution of 

freshwater fishes across BC (McPhail, 2007). As ice sheets moved across the land, interglacial 

fish fauna were either destroyed or pushed into unglaciated regions called refugia (McPhail, 

2007). Such historical geological events also caused stranding or isolation of freshwater faunal 

populations (Englbrecht et al., 2000). It is thought advancing ice fragmented interglacial 

populations, preventing gene flow, causing geographic isolation and leading to genetic 

divergence (McPhail, 2007). For example, the deepwater sculpin (Myoxocephalus thompsonii), 

located in areas that were formerly glacial lakes, has been dubbed a “glacial relict” (Sheldon, 

Mandrak & Lovejoy, 2008, p. 109) thought to be derived from an Arctic marine lineage that was 

driven south into freshwater habitats by early glacial advances (Dickman, 1995). The Big Lost 

River in Idaho, where the shorthead sculpin (C. confusus) reside, provides another example 

because it was isolated from other rivers by Pleistocene lava flows, which played a role in the 

distribution of species currently found in the river (Johnson, Cannamela, & Gasser, 1983). 

During postglacial dispersion, some of these divergent forms dispersed back into BC via 

the sea or temporary drainage connections. McPhail (2007) stated that among freshwater fishes 

throughout BC, much of the diversity found within species is a result of range fragmentation and 



Investigating Cottid Recolonization   15 

genetic divergence followed by recolonization from different refugia. According to McPhail, the 

resultant phenotypes often show minor differentiation and have no taxonomic status though they 

may differ in life history or habitat use (Coombs & Grossman, 2006). 

An example of this is the prickly sculpin, between its coastal and inland forms, as these 

forms differ in morphology, behaviour, and physiology (Bohn & Hoar, 1965; Kresja, 1967a). 

Prickly sculpin dispersal routes included coastal dispersal via the ocean and postglacial inland 

dispersal via connecting river systems (McPhail, 2007). 

Another example of this is coastrange sculpin, between its neotenous and non-neotenous 

form. Neoteny describes the retention of juvenile physical traits in the sexually mature adult 

stage. The neotenous form of coastrange sculpin is less common, and fully mature individuals 

display juvenile characteristics such as smaller size, enlarged head pores, shorter pelvic fins, lack 

of markings on fins, lower bone density, and less fat tissue (Government of British Columbia, 

Ministry of Fisheries, 1999; McPhail, 2007). This form exists in Lake Washington near Seattle 

(Ikusemiju, 1975) and also coexists with its non-neotenous form in Cultus Lake, BC (Ricker, 

1960). To date, this form has not been observed in the Cheakamus River. It is thought a 

developmental change in the timing of events, or heterochrony, is a factor, which suggests 

parallel evolution of neotenic forms has occurred (McPhail, 2007). 

The published literature indicated freshwater sculpin evolved from marine ancestors 

(Yokoyama & Goto, 2005), which entered bodies of water formed during the retreat of melting 

glaciers such as proglacial lakes (formed by ice dams or moraine dams, and were prevalent 

across North America at the beginning of the Holocene) or lakes which underwent gradual 

isolation from the sea (Dickman, 1995; Vonlanthen et al., 2007). Currently, there are eight 

species of sculpin documented as occurring in BC freshwater systems (McPhail, 2007). 
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Prickly sculpin are more widespread in BC than coastrange sculpin and have been 

identified in more inland streams (McPhail, 2007). Both of these species are primarily coastal 

species, freshwater-resident, and capable of completing their life cycle in freshwater, but often 

occur near estuarine habitat (McLarney, 1968). Some coastal populations of prickly sculpin 

exhibit catadromous behaviour, which describes the ability to migrate from freshwater to salt 

water or from a hypoosmotic environment to a hyperosmotic environment (Government of 

British Columbia, Ministry of Fisheries, 1999; Morrow, 1980). Conversely, young coastrange 

sculpins may inhabit estuaries, but there is no direct evidence to suggest adults spawn in brackish 

water (Mason & Machidori, 1976; McPhail, 2007; Ringstad, 1974). Both coastrange and prickly 

sculpins are the only non-marine freshwater or catadromous sculpins found along the Pacific 

Coast (McPhail, 2007). Both species have a planktonic larval stage that drifts downstream into 

quiet waters (estuaries, backwaters, and side channels), which after a month metamorphoses into 

a small sculpin (Mason & Machidori, 1976). 

Taxonomy and Hybridization 

Cottus taxonomy is complicated by several factors. For example, C. asper and 

C. aleuticus both exhibit plasticity, which is the ability of an organism to change its phenotype in 

response to changes in the environment, and some researchers have found their morphology, 

behaviour, and ecology to be influenced by biotic and abiotic factors (Finger, 1982; Maughan & 

Saul, 1979). As a result, traits which can be relied upon to separate species at one site may be 

unreliable at another site. 

Cottus taxonomy is further confounded by widespread interspecific hybridization and 

introgression (Godkin, Christie, & McAllister, 1982; McPhail, 2007; Strauss, 1986; Taylor & 

Gow, 2008; Zimmerman & Wooten, 1981). Hybridization describes the recombination of genetic 
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material, while introgression describes the flow of genes from one species into the gene pool of 

another. In the Squamish, Mamquam, and Cheakamus Rivers, Taylor and Gow described 

unidirectional introgression of C. asper mtDNA into C. aleuticus being present in all three 

locations and occurring at a higher incidence than microsatellite introgression. This suggests 

historical hybridization events have occurred between the two species in previous generations, 

because mtDNA will not recombine, and will thus persist in a population, while microsatellite 

loci will recombine and lead to dilution of the genome over generations (Taylor & Gow, 2008). 

Historical hybridization between species is not uncommon in fish which have survived 

glaciation, such as char (Redenbach & Taylor, 2002). McPhail (2007) described hybridization 

between Cottid species such as the Columbia sculpin (C. hubbsi), which appears to hybridize 

with the shorthead (C. confusus), the torrent (C. rhotheus), and the prickly sculpin (C. asper), 

and such as the slimy sculpin (C. cognatus), which appears to hybridize with the Rocky 

Mountain sculpin (Cottus sp.). Prior to Taylor and Gow’s report there have been no recorded 

incidences of hybridization across prickly and coastrange sculpin. In addition to historical 

hybridization, Taylor and Gow also described at least one recent generation hybridization event 

between prickly and coastrange sculpin has occurred with the possibility of additional 

hybridization events from the recent past. 

Taylor and Gow (2008) noted the hybridization between prickly and coastrange sculpins 

appears unidirectional with most hybrids having C. asper mtDNA, which suggests the most 

common hybridization events involve C. asper females mating with C. aleuticus males with the 

reverse being rare. Unidirectional hybridization can occur from one species being more rare than 

the other, from differences in timing of maturity between males of one species and females of the 

other, or from differences in size at maturity between the hybridizing species, often involving a 
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small male hybridizing with a larger female (Wirtz, 1999). Literature on sculpins show mean size 

of C. asper is larger than C. aleuticus, mean size of breeding females is larger than mean size of 

males in both species (McPhail, 2007), and C. asper appears less abundant in the Cheakamus 

River than C. aleuticus (Triton, 2006b, 2008c, 2009a). Given this, the direction of hybridization 

we would expect to see (i.e., C. asper females mating with C. aleuticus males) is consistent with 

the direction Taylor and Gow (2008) have suggested. 

Morphologically, prickly and coastrange sculpins can be distinguished using several 

physical traits (McPhail, 2007; Triton, 2007b) as listed in Table 1. The available literature with 

data on coastrange and prickly sculpin morphological trait descriptions reflected some 

inconsistencies and overlapping characteristics, which may be due to the plasticity they are 

considered to exhibit in their morphology and behaviour (Finger, 1982; Maughan & Saul, 1979). 

To facilitate identification, Triton (2007b) developed a sculpin field identification guide. The 

morphological key is based on seven characteristics measurable in the field (see Table 1). 

Table 1. Morphological Differences Between Prickly and Coastrange Sculpins 

Physical trait Coastrange sculpin, C. aleuticus Prickly sculpin, C. asper 

Anal fin ray count 12 to 14 16 to 18 

Pelvic fin length almost reach the anus do not almost reach the anus 
Anal fin length greater than the head less than the head 

Light saddle on peduncle present absent 

Degree of connection of 
dorsal fin 

not broadly connected broadly connected 

Prickles on body absent (except behind pectoral 
fin) 

present 

Black spot on dorsal fin absent present 

Palatine teetha absent present 

Tubular posterior nostrilsb present absent 



Investigating Cottid Recolonization   19 

Note. aFor the purposes of this research, this trait was not used in sculpin species field 
identification as it is difficult to determine in the field. bFor the purposes of this research, this 
trait was not used in sculpin species field identification as it is not observable in the field. 

In addition to the morphological key, two genetic tests were used to confirm 

identification of species, one using microsatellites (nuclear DNA) and the other using mtDNA 

(Taylor & Gow, 2008), making the genetic analysis an important component to confirmation and 

consistency of field identification, as well as towards gaining a better understanding of sculpin 

hybridization. The morphological key was found to be 98.5% accurate in comparison with 

microsatellite DNA species identification and 96% accurate in comparison with mtDNA species 

identification, based on a sample size of 268 specimens reviewed (Taylor & Gow, 2008; Triton, 

2010). In one instance, the three different methods resulted in three different identifications, one 

being a failed test (Taylor & Gow, 2008). Genetic mismatches between microsatellite and 

mtDNA occurred in 12 instances, indicating historical gene flow between the two sculpin species 

(Taylor & Gow, 2008; Triton, 2010). In instances of differing test results it is difficult to 

conclude a result as being correct or incorrect as there is a small percentage of error at each level, 

as well as the confounding factors of hybridization and introgression. 

Biology and Behaviour 

Cottus species lack a swim bladder and are bottom dwellers. As a part of the aquatic 

ecosystem, Cottids are carnivorous and individuals feed nocturnally on aquatic insect larvae and 

nymphs with preference for chironomids, mayflies, stoneflies, and caddisflies (McPhail, 2007; 

Morrow, 1980; Scott & Crossman, 1973). Sculpin larvae may also feed on microplankton 

(British Columbia Conservation Data Centre, 2008). Some literature suggests adults may feed 

upon salmon eggs and fry (British Columbia Conservation Data Centre, 2008), while other 

researchers disagree (Ikusemiju, 1975; LeMoine, 2007; Tomaro, 2006). Predators of sculpin 

include bull trout (Cannings & Ptolemy, 1998; McPhail & Baxter, 1996), pikeminnow (White & 
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Harvey, 2001), cutthroat trout, brown trout, dolly varden trout, white sturgeon, northern pike, 

and cod (McPhail, 2007). 

Sculpins display interesting courtship and reproductive behaviour. The Cottid courtship 

process begins when the female approaches a nest cavity excavated by a male underneath rocks. 

The male then begins a series of frontal displays including head movements such as shaking and 

nodding, flaring of the gills, and body undulations (Savage, 1963). These movements may have 

sound transmitted through the substrate (Whang & Janssen, 1994). When the male bites the 

female, the female enters the nest and turns upside down against the roof of the nest. The male 

then turns partially upside down and presses against the female. Gametes are released, the male 

separates, and the female remains in the nest for several days, returning to spawning position 

several times. The eggs are adhesive and stick to the underside of the rock. This is believed to 

make them less vulnerable to siltation and suspended sediment (Brown, Matern, & Moyle, 

1995). The male guards and aerates the developing eggs until they hatch approximately 20 days 

later (Mason & Machidori, 1976). Male cottids are polygenous, as they will spawn with more 

than one female. Fecundity is a function of female body size. 

Prickly Sculpin, C. asper 

Prickly sculpins are endemic to western North America and range from southern 

California to southern Alaska (McPhail, 2007). In BC, prickly sculpin can be found along coastal 

drainages as well as throughout interior portions of the Columbia, Fraser, Skeena, and Nass 

drainages. Prickly sculpins, having crossed the Continental Divide, have also colonized the 

Peace River system. 

Often located in the lower reaches of watercourses, prickly sculpin have a preference for 

quiet water such as deep pools (White & Harvey, 2001), or areas of water greater than 0.5 m in 

depth where the current is below the average stream velocity and the channel bed slope is near 
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zero (British Columbia Fisheries Information Services Branch, 2001; Stone Environmental Inc., 

1998; Vermont Agency of Natural Resources, 2009). Prickly sculpin also have a preference for 

areas under cutbanks, near woody debris cover, or boulder substrate (Mason & Machidori, 1976; 

Ringstad & Narver, 1973; Taylor, 1966). Their preferred depth is unknown, but in lakes they 

have been found up to 100 m deep. 

Prickly sculpins are more tolerant of salt water than coastrange sculpins. In coastal areas, 

planktonic sculpin larvae drift nocturnally downstream into estuaries to transform and are 

associated with slower water (Ringstad & Narver, 1973; White & Harvey, 2003). Juveniles 

occupy the same or similar habitat as adults, but prefer shallower water (Mason & Machidori, 

1976; Ringstad & Narver, 1973; Taylor, 1966). In coastal populations of C. asper, the prickles 

on the body are less pronounced than in inland populations (Ringstad & Narver, 1973). Prickly 

sculpins can grow up to 225 mm in length. There is no distinct sexual size dimorphism, but 

breeding females are, on average, larger than males. Breeding females have swollen abdomens, 

while breeding males have a black coloured body with orange trim on first dorsal fin. 

Prickly sculpin will spawn in the spring (April to late June), as will coastrange sculpin. 

During March and April, adults begin their downstream migration to spawn in estuaries, though 

some will spawn in freshwater (Brown et al., 1995; McLarney, 1968; Sinclair, 1968). The inland 

form will perform spawning migrations less frequently than the coastal form. Yearlings will 

move upstream into fresh water in July (Kresja, 1967b; Taylor, 1966) and movement peaks in 

September (Ringstad, 1974; Ringstad & Narver, 1973) but may continue into December (Mason 

& Machidori, 1976). 

Each female lays 300 to 10,000 eggs, and each egg is between 1.6 and 1.8 mm in 

diameter (Bond, 1963; Kresja, 1965; Patten, 1971b). One-year-old individuals will grow up to 40 
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mm, and two-year-old individuals up to 60 mm. Where coastrange and prickly sculpin coexist, 

prickly sculpin will grow more rapidly than coastrange (Brown et al., 1995; Kresja, 1965; Mason 

& Machidori, 1976; Taylor, 1966). Adult size will exceed 200 mm, and females grow larger than 

males. Individuals reach sexual maturity in 2 to 3 years, and the maximum age of a prickly 

sculpin in BC was over 8 years old. 

Coastrange Sculpin, C. aleuticus 

Coastrange sculpins are endemic to western North America and range from California to 

Alaska. They typically inhabit coastal fluvial areas with coarse gravel or cobble substrates, and 

in BC, the coastrange sculpin has also colonized some inland drainages such as the Fraser and 

the Skeena Rivers. Coastrange sculpins prefer high-velocity areas such as riffles—areas of 

shallow water where the gradient is greater than 1% and the current is above the average stream 

velocity (White & Harvey, 2001); and glides—areas of slow flow with little to no surface 

disturbance and a sloped channel bed (Stone Environmental Inc., 1998; Vermont Agency of 

Natural Resources, 2009). Coastrange sculpin are thought to perform local migrations, often 

penetrating short distances inland, approximately 150 km, and will only spawn in fresh water. 

Often, coastrange sculpins are found in streams inhabited by prickly sculpins, and when 

prickly sculpins are absent, coastrange sculpins tend towards habitats normally occupied by 

prickly sculpins, such as pools and sheltered areas (Mason & Machidori, 1976). At night, C. 

aleuticus adults move to slower, shallower stream margins. Juveniles also prefer shallower, 

slower water (Ringstad & Narver, 1973). 

Coastrange sculpin are a smooth-skinned fish with a small patch of prickles behind the 

pectoral fin. Like prickly sculpins, breeding females are larger than males and have swollen 

abdomens, while breeding males are dark (black) and have orange trim on the first dorsal fin. 

Breeding females retain normal colouration. 
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Coastrange sculpin will spawn in the spring between April and late June, when 

temperatures are between 6 to 15 °C. In some streams, adults will make a downstream migration 

prior to spawning (Kresja, 1965; Ringstad & Narver, 1973; Taylor, 1966); however, spawning 

typically occurs throughout the length of the stream occupied by adults (Mason & Machidori, 

1976; McLarney, 1968). There is no evidence of spawning in estuaries or brackish water (Mason 

& Machidori, 1976; Ringstad, 1974). Each female will typically lay 200 to 1,000 eggs (Patten, 

1971b). Larvae will stay near the nest for several days before nocturnally drifting to the estuary 

(White & Harvey, 2001, 2003), where they will remain for one year before beginning their 

upstream movements as yearlings to faster water (Mason & Machidori, 1976; Ringstad & 

Narver, 1973; Taylor, 1966). Adults reach sexual maturity in two years. The maximum size 

recorded in BC is 145 mm, and the maximum age recorded was over 7 years. 

Cheakamus Ecosystem: Post-Spill Status 

Subsequent to the spill of sodium hydroxide in the Cheakamus River, monitoring 

programs were implemented in order to understand ecosystem-level impacts and to develop 

restoration strategies. Based on the results of the monitoring programs, recovery targets and 

strategies were developed for the affected species. 

Monitoring 

One of Canadian National Railway’s monitoring programs, the RAMP, identifies the two 

local sculpin species on the list of species to be monitored, with monitoring of sculpin abundance 

in the Cheakamus River continuing in order to measure the extent of recovery (Triton, 2008a). 

Generally, surveys conducted between 2006 and 2008 show natural recovery of sculpin 

species is taking place primarily in the lower reaches of the Cheakamus River, up to km 3 

(Triton, 2006a, 2006b, 2007a, 2008a). Surveys conducted in September 2006 and 2007 show the 
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majority—93% in both years—of sculpins captured were located below km 3, though some 

individuals were identified as far upstream as km 6.7 and km 10.8 in each year respectively. 

Surveys conducted in September 2008 also found the greatest abundance in the lower reaches 

and identified sculpin presence in each survey site up to km 11. The surveys suggest coastrange 

sculpin may be more prevalent in the Cheakamus River than prickly sculpin. 

Recovery Targets 

Recovery targets for coastrange and prickly sculpin in the Cheakamus River were 

initially indicated as natural recovery, coupled with continued monitoring to determine trends in 

sculpin population abundance, that is, to determine if populations are increasing, decreasing, or 

reaching equilibrium (Triton, 2006a). More recently, sculpin recovery targets have been refined 

to take into account historical densities as well as results collected since 2006 from the RAMP 

(Triton, 2009b). Currently, the proposed recovery target for sculpins in the Cheakamus River is a 

mean measured density between 16.6 and 30.9 fish per unit (fpu) of both species combined 

(Triton, 2009b). Two secondary recovery targets are also proposed, with one being the presence 

of both species in the river and the other being the distribution of sculpins extending to 

approximately km 13 (Triton, 2009b). 

Recovery Strategy 

Despite the impact of the spill on populations of coastrange and prickly sculpins, there 

are currently no active recovery methodologies, such as artificial propagation, transplanting, or 

habitat enhancement, being implemented for sculpin populations in the Cheakamus River. Both 

species have a relatively long life span, and the spill impacted several age classes; therefore, if 

the proposed sculpin recovery targets cannot be established, some level of strategic recovery 
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planning may be required and could include relocation or transplanting. Such methods would 

require approval from the Government of BC, Ministry of Environment. 

Ecosystem Recovery 

In order to gain an understanding of how the Cheakamus River ecosystem was recovering 

as a whole, Triton conducted an assessment of ecosystem health by assessing the ecological 

effects on 17 representative regional receptors including some fish and benthos species (Triton, 

2008a). Potential adverse effects on the coastrange sculpin were categorically ranked as “very 

high” (Triton, 2008a, p. 30) followed by “high” (p. 30) for steelhead trout (Oncorhynchus 

mykiss); however, the remainder of rankings were either “moderate” (p. 30) or “low” (p. 30). The 

assessment indicated the Cheakamus River ecosystem overall is functioning with minimal 

adverse effects to the receptor species considered. Additional benthic recovery assessments were 

also conducted by Triton and suggest benthic invertebrate communities in the Cheakamus River 

have recovered from the impact of the spill (Triton, 2008b). Ongoing enhancement and 

restoration projects, such as side channel and off-channel development and enhancement, fish 

passage and habitat improvement, and estuary enhancement, are believed to have accelerated the 

process of natural recovery for several species within the Cheakamus River ecosystem and the 

broader Squamish River watershed. Although these projects target species other than Cottids, 

coastrange and prickly sculpins may benefit from these projects as many of these projects 

increase habitat complexity, enhance existing habitat and improve productive capacity. 

This project provided opportunities to collect additional information on sculpin life 

history and distribution in the Cheakamus River ecosystem as well as the adjacent Mamquam 

and Squamish River drainages. This research also included the collection and analysis of genetic 

samples to further test visual species identification based on field keys, to provide a better 
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understanding of sculpin life history in the watershed, and to provide valuable information about 

the mechanisms of recovery for these species. This research will contribute to management 

options and considerations as they relate to the recovery and sustainability of the sculpin species 

in the Cheakamus River ecosystem. 

Sculpin Unknowns and Research Challenges 

In the Cheakamus River, the course of sculpin recovery may be affected by factors 

additional to the impact of the spill. For example, it is unknown how sensitive sculpins may be to 

habitat change, which could have occurred from the impact of the spill and from habitat 

restoration and enhancement works. Additionally, while coastal populations may undergo 

seasonal migrations, it remains unknown what level of habitat fidelity coastrange and prickly 

sculpins may maintain. 

Furthermore, water levels in the Cheakamus River are affected by the Daisy Lake 

hydroelectric plant, which operates according to a Water Use Plan authorized by the provincial 

Comptroller of Water Rights (BC Hydro, 2005). The Comptroller implements any operational 

changes, monitoring studies and physical works outlined in the Water Use Plan through orders 

under the Canada Water Act (1985). These works cause changes in flow regimes with unknown 

effects to resident sculpin populations. 

One principal question posed in this thesis work was: “Are the coastrange and prickly 

sculpin populations in the Cheakamus River able to recover?” The answer to this broad question 

remains under review, and while there may be indication of recovery, it is unclear by what 

mechanism sculpin populations might be recovering, such as by moving in from other systems, 

or by reproducing and recolonizing habitat. 



Investigating Cottid Recolonization   27 

There is scientific uncertainty surrounding the relationship between coastrange and 

prickly sculpins in the Cheakamus River, such as the ratio at which they coexisted prior to the 

spill, and whether the ratio at which they currently coexist has changed or not since the impact. 

Post-spill data show prickly sculpin densities are consistently lower than coastrange sculpin 

densities in the Cheakamus River (Triton, 2006a, 2007a, 2008a). Further questions include 

whether the populations of coastrange and prickly sculpins are segregated or hybridizing within a 

given drainage, whether coastrange sculpins are proliferating at the expense of prickly sculpins, 

and if so, whether there are habitat or ecosystem pressures which may account for such trends? 

Furthermore, the information available for morphological taxonomic identification is dated and 

based on information from drainages outside the Squamish area. Applying this information to the 

local Squamish drainages is based on an assumption of similar or equal hydrological pressures, 

ecosystem pressures and rates of hybridization between species. Triton’s sculpin Fish 

Identification Guide (2007b) addresses this gap by corroborating the available data as applicable 

to sculpins in the Squamish drainages. The intention of this research was to add to the 

understanding of sculpin biology in relation to the Squamish area drainages in an effort to 

address some of these challenges and gaps, as they may relate to evaluating sculpin recovery. 

Importance of Study – Significance of Research 

This research will contribute to other work investigating how sculpin populations in the 

Cheakamus River may be recovering from the impact of the spill, and whether recovery is 

occurring from within a surviving resident Cheakamus River population or whether individuals 

are recolonizing from other river systems. The source of sculpin recolonization in the 

Cheakamus River is important to understand because it will provide insight on the role and 

behaviour of sculpins in local river and estuary ecosystems, an area currently not well 
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understood. Understanding how sculpins are recovering will provide important information on 

the resiliency, habitat range, homing preferences, and fidelity. If the source of sculpin 

recolonization in the Cheakamus River is not understood, then it will not be known if sculpins in 

the Cheakamus River are able to recover, if natural recovery is even possible, or what the time 

frame of recovery could be. This project addresses the recovery of the two species, and 

contributes to management considerations as they may relate to the sustainability of the species. 

The project was built upon collaboration with Triton and previous data from the Cheakamus 

Ecosystem Restoration Technical Committee, and the project results will complement concurrent 

recovery research. 

The data from this study are expected to be useful and contribute to the development of 

remedial efforts for enhancing recovery, which could include relocation and transplants. The 

study results may assist regulators and managers to make informed decisions and to better 

understand the niche of this species in the ecosystem. Sculpins are but one part of the fish 

community structure within the Cheakamus River ecosystem and contribute to the complexity 

and biodiversity within the aquatic ecosystem (Borisenko, 1995; White & Harvey, 2001). 

Complexity and biodiversity are reflective of aquatic health and are indicators of ecosystem and 

watershed health, making them important components in the understanding of ecosystem 

recovery (Klamath Resource Information System, 2005). 

There have been some successful sculpin recovery programs in place in other watersheds, 

such as the Shorthead Sculpin Recovery Program led by the DFO (Recovery Team for Shorthead 

Sculpin, 2007). The shorthead sculpin, classified as a species at risk, inhabits the Slocan, Kettle, 

and Columbia Rivers, and is thought to be vulnerable to local threats due to its limited habitat 

range (Department of Fisheries and Oceans Canada [DFO], 2007). The programs primarily 
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included research initiatives to address data gaps, long-term monitoring to assess population 

abundance and population response to threats or to management activities, taxonomic 

investigations including molecular genetics work, identification and protection of key habitat, 

and public education (DFO, 2007). Introduction into new areas, transplanting, or numeric 

enhancement in existing habitats were not included as part of the strategy. The programs relied 

on intervention through the mitigation of threats. 
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CHAPTER THREE: RESEARCH METHODOLOGY 

Site Selection and Habitat 

C. asper and C. aleuticus were collected in the mainstems of the Squamish (km 33), 

Mamquam (km 0–4) and Cheakamus (km 1–5) Rivers using minnow trapping and electrofishing, 

carried out according to the Fish Collection Methods and Standards (Government of British 

Columbia, Ministry of Environment, Lands and Parks, 1997). Both minnow trapping and 

electrofishing are recognized methodologies for capturing sculpins and other fish (Government 

of British Columbia, Ministry of Environment, Lands and Parks, 1997) and were used in the 

concurrent Cheakamus River RAMP (Triton, 2006b, 2008c, 2009a). Sampling on the 

Cheakamus River was carried out in September 2007, and sampling on the Squamish and 

Mamquam Rivers was carried out during April and May 2008. Timing of sampling was based on 

the life cycle of the cottids, suitable river conditions for sampling, and the availability of certified 

backpack electrofishers. Appendix B provides details for sampling dates and Global Positioning 

System (GPS) locations. 

Sites were visually inspected prior to sampling in order to assess accessibility, habitat 

quality, and suitability for the methodology to be used. Habitat characteristics including 

substrate, cover type, hydraulic unit type, water depth, and velocity were measured at each 

sampling site with electronic equipment or determined via ground estimation (see Table 2), as 

per the standards and procedures described by the BC Fisheries Information Services Branch 

(2001) and the Resources Inventory Committee of BC (1999). All equipment used for in situ 

measurements was calibrated according to manufacturers’ procedures, and field training was 

provided by Triton. Tables 11, 12, and Appendix C provide summaries of minnow trap and 

electrofish site habitat characteristics. Descriptive statistics were used to examine site 
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characteristics, and the mean values and standard deviations of various site parameters were 

compared between river systems. 

Water Quality 

In situ water quality parameters including temperature, pH, conductivity, and total 

dissolved solids were recorded during each sampling survey. Water quality data for sampling 

sites are provided in Tables 9 and 10. The pH meter in the Hanna Combo Meter was calibrated 

with a two-point calibration (4.0 and 7.0 buffer solutions), and conductivity was calibrated with a 

1431 µS/cm solution. Each sculpin collected during the study was photo-documented (see 

Figures 3 and 4 for examples). 

Table 2. Site Characteristics Measured During Field Sampling 

Characteristic Method 

UTM coordinates Garmin GPS 60 model 
Temperature (ºC) Hanna Combo Meter model HI 98 129  
pH Hanna Combo Meter model HI 98 130 
Conductivity (µS/cm) Hanna Combo Meter model HI 98 131 
Total dissolved solids (ppm) Hanna Combo Meter model HI 98 132 
Hydraulic Unit Type (HUT) GE 
Substrate (%) GE 
Cover (%) GE 
Turbidity (cm) GE 
Site length (m) tape measure 
Site width (m) tape measure 
Mean depth (m) meter stick 
Channel and wetted width GE 
Gradient (degrees) GE 
River stage GE 
Velocity (m/s) Swoffer 2100 meter and rod (autocalibrates on start-up) 

Note. GE = Ground estimate. 
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Fish Sampling 

Minnow traps were set in slower velocity areas such as pools or runs—areas similar to 

riffles but non-turbulent, with a greater depth of flow and a lesser channel bed slope (Hartle, 

2006; Vermont Agency of Natural Resources, 2009)—with cobble or boulder substrate, and 

close to riffles, as per the Fish Collection Methods and Standards (Government of British 

Columbia, Ministry of Environment, Lands and Parks, 1997). Traps were baited with a 

tablespoon of borax-stabilized salmon roe and checked within 24 hours of being set. Trap depth 

was recorded, and GPS coordinates were recorded for each trap location. Upon collection of the 

trap, all captured fish (including sculpins and other species) were placed in a bucket of river 

water. 

Electrofishing was carried out by Triton staff who were in possession of an active 

electrofishing certificate. The electrofishing unit was a Smith-Root 12B backpack unit set at I5 

and at 300 volts. The electrofishing sites were either unenclosed or enclosed by the installation of 

stop nets around the fish capture area, also described as open or closed sites respectively. The 

open and closed site electrofishing took place in shallow riffles, up to a depth of approximately 

50 cm, using a pole seine net to catch stunned fish, as per the Fish Collection Methods and 

Standards (Government of British Columbia, Ministry of Environment, Lands and Parks, 1997). 

All captured fish (including sculpins and other species) were placed in buckets of river water. 

Sculpins were retained for sampling and once sampled were released along with other species 

inadvertently captured after they had recovered from the electroshock. Non-target species caught 

included juvenile salmonids (i.e., coho, pink, and chum) and juvenile rainbow trout. The 

stunning effects of the sampling lasted for up to two minutes and the recovery bucket included an 

attached aerator to oxygenate the water and facilitate recovery. 
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In order to respect humane endpoints, once in the recovery bucket with an aerator, fish 

were observed for general condition. Special care was taken towards the observation of any 

potential signs of pain or distress, such as increased recovery time (i.e., beyond 5 to 10 minutes), 

abnormal opercular movements, abnormal swimming behaviour, lost equilibrium, and fin or tail 

damage. None of the above-mentioned signs of pain or distress were observed. Furthermore, the 

methodologies employed did not result in mortality, nor did any individuals require 

euthanization. 

All buckets containing fish were kept out of direct sunlight to maintain cool water 

temperatures, and water was changed periodically to maintain temperature and quality. All 

collected sculpins were subsequently anaesthetized with clove oil (up to 2 drops in 2 L of water) 

in batches of 10 individuals at a time. The purpose of the anaesthetic was to sedate the fish to 

reduce fish stress and to enable sampling. Clove oil was selected as the anaesthetic because it is 

not a carcinogen, nor is it considered a dangerous good according to the Canadian Transportation 

of Dangerous Goods Act (1992). 

Each individual was subsequently photographed, identified based on seven 

morphological characteristics, measured for length on a wetted measuring board (to the nearest 

mm), and weighed in a cup with river water (to the nearest 1/100 gram). A tissue sample 

consisting of a fin clip approximately 3 mm2 in area was taken from the caudal fin of each 

sculpin and preserved in 95% ethanol for subsequent DNA analysis as per Taylor, Kuiper, 

Troffe, Hoysak, and Pollard (2000). See Figure 3 for a photograph of a coastrange sculpin and 

Figure 4 for a photograph of a prickly sculpin. 
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Figure 3. Photograph of a coastrange sculpin, C. aleuticus. 

Note. Note the two dorsal fins are not broadly connected and there is no black spot on the first 
dorsal fin. 

 

Figure 4. Photograph of a prickly sculpin, C. asper. 

Note. Note the two dorsal fins are broadly connected and the presence of a black spot on first 
dorsal fin. Approximate size of tissue sample required for DNA analysis taken from caudal fin 
was 3 mm2 in area and is shown here. 
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Environmental protection strategies included using only non-lethal methodologies and 

following the established sampling protocols as referenced. Relevant fish sampling permits were 

obtained from the DFO and the Government of BC, Ministry of Environment (see Appendix D). 

Quality control measures included using only established methodologies based on peer-reviewed 

scientific literature and rigorously adhering to sampling protocols. Other quality control 

measures included comparisons of equipment of the same model and brand in order to confirm 

consistency of results (see Table 2 for a list of equipment used). 

DNA Testing 

Once all samples had been collected, they were sent to Dr. Eric Taylor’s laboratory at the 

University of British Columbia for molecular analysis. The purpose of the genetic analysis was 

to confirm morphological species identification as well as to assess the level of genetic diversity 

within and genetic divergence among sculpin populations in the Squamish, Mamquam, and 

Cheakamus Rivers. The required sample size was determined based on the number of tissue 

samples required to assess population genetic distinctiveness using mtDNA and microsatellite 

DNA (or nuclear DNA) analysis. A minimum of 30 to a maximum of 50 samples per species, per 

river system, was required and a target of 30 to 50 of each C. asper and C. aleuticus species was 

attempted per system. 

Samples were assayed for variation at microsatellite loci, also called simple sequence 

repeats, which are a class of genetic polymorphisms commonly used for mapping, linkage 

analysis, and tracing inheritance patterns (Ridley, 2003). This procedure involved nuclear DNA 

extraction and the use of primers to detect the microsatellite loci, as per the methodologies 

described in molecular genetics literature (Taylor & Gow, 2008; Taylor, Foote, & Wood, 1996; 

Taylor, Harvey, Pollard, & Volpe, 1997). Samples were also assayed using mitochondrial DNA 
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barcoding. Geneticists commonly use these methodologies to assess genetic distinctiveness 

among fish populations, including sculpins (Okumura & Goto, 1996; Taylor et al., 2000). 

Data Analysis and Statistical Methods 

The data were analysed using univariate and multivariate techniques to examine 

coastrange and prickly sculpin age and size and the effect of habitat and river system on these 

variables. Parametric statistics were performed on the data, and included t tests and analysis of 

variance (ANOVA). The ANOVA assumptions of normality, homoscedasticity, and 

independence of residuals were tested using the Kolmogorov-Smirnov (KS) Lillefors test for 

normality, Levene’s test for homogeneity of variances, and autocorrelation plots respectively. In 

instances where sample size was too low for statistical analyses, descriptive statistics were 

applied. All statistical tests were performed in the SYSTAT (Cranes Software, 2008) statistical 

package, except for the t tests, which were performed using Microsoft Excel. The R Mixture 

Distribution (Macdonald, 2003) statistical package was considered but was determined to be 

more suitable for data with larger sample sizes and a greater number of sample replicates. An 

alpha level of 0.05 was used for all statistical tests. Coastrange and prickly sculpin data were not 

pooled for any of the tests. 

A sampling methodology may be biased towards the species of fish it attracts, depending 

on the habitat preferences of the species. In order to determine whether data collected from 

electrofishing and minnow trapping could be pooled, unpaired two-sample t tests, assuming 

unequal variances, were used. Within each river system, for both coastrange and prickly sculpin 

species, the t test compared the mean length and mean weight from minnow trapping data with 

those from electrofishing data. The t test comparisons were not performed on data from the 

Squamish River because no minnow trapping data were collected. Also, t tests were not 
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performed on prickly sculpin data from the Mamquam River because no electrofishing data were 

collected for this species. 

All sculpins sampled in this study were measured for total length and weight. In order to 

understand the size profile and relative ages of the sculpins sampled in this study, length-

frequency distributions and age classes were determined using histograms. Due to the number of 

fish captured, length-frequency distributions were developed only for coastrange sculpins in the 

Cheakamus and Mamquam Rivers. Length–weight relationships were also developed for 

coastrange sculpin in all three drainages using a transformed regression model with a power-

transformed trendline based on the equation y = c xb, where c and b are constants, to calculate the 

least squares fit through the data points. Condition factors were calculated for coastrange and 

prickly sculpins using Fulton’s condition factor, K, in order to gain an understanding of fish 

condition. The condition factor assumes individuals at greater weights for a given length have a 

healthier condition. 

In order to assess whether coastrange and prickly sculpin size (i.e., mean length and mean 

weight) differed between each river system, one-way ANOVA was used. Due to sample size, 

ANOVA was only performed on coastrange sculpin data because small or unbalanced sample 

sizes can increase vulnerability to assumption violations, or the test may not have sufficient 

power to detect any significant difference among the samples. Tukey’s honestly significant 

difference (HSD) test was conducted after each ANOVA to evaluate pairwise differences among 

the river systems. The assumptions of normality, homoscedasticity and independence of 

residuals were also tested after each ANOVA. I considered the applicability of the ANCOVA 

test on these data, but the data were not consistent with the requirements of this test. 
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For the purposes of this study, species identification was based on the morphological key, 

except in four instances where the microsatellite species identification showed otherwise. This 

was done because there was a 98.5% agreement between the morphology and microsatellite 

species identification (Taylor & Gow, 2008; Triton, 2010) and because microsatellite species 

identification is more reliable than using mtDNA, as the latter is a larger fragment and, therefore, 

more prone to polymerase chain reaction failure (Taylor & Gow, 2008). 
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CHAPTER FOUR: RESULTS 

Within each river system, for both coastrange and prickly sculpin, the mean length data 

collected from minnow traps were pooled with those collected from electrofishing. The same 

was done for the weight data. For the Squamish and Mamquam Rivers, data from both sampling 

methodologies were pooled because t test analyses showed the groups were not significantly 

different, as well as for prickly sculpin data in the Cheakamus River. For coastrange sculpin in 

the Cheakamus River, the probability values for the length and weight data collected via minnow 

trapping and electrofishing were below the alpha level p = 0.05 (two-tailed). It is unclear what 

may have contributed to the significant difference, and in the interest of sample size, the data 

were pooled. Mean lengths from both minnow trapping and electrofishing are presented in Table 

3, and mean weights for both sampling methodologies are presented in Table 4. Degrees of 

freedom and t statistics are also presented. 

Table 3. t Test for Mean Length (mm) of Coastrange and Prickly Sculpin per Sampling 
Methodology and per Drainage 

 Minnow trap   Electrofish 
River M SD n   M SD n df t 

Coastrange sculpin 
Cheakamus 100.17 9.33 6  86.68 13.37 164 6 3.42* 
Mamquam 98.60 20.01 5  76.72 10.85 43 4 2.40 
Squamish - - -  78.00 16.97 32     

Prickly sculpin 
Cheakamus 104.50 8.49 10  111.25 14.22 4 4 0.89 
Mamquam 114.50 4.04 4  - - -   
Squamish - - -   - - -     

Note. Dashes indicate data were not obtained. 
*p < .05, two-tailed. 
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Table 4. t Test for Mean Weight (g) of Coastrange and Prickly Sculpin per Sampling 
Methodology and per Drainage 

  Minnow trap   Electrofish 
River M SD n   M SD n df t 

Coastrange sculpin 
Cheakamus 12.94 3.31 6  8.35 4.14 164 6 3.30* 
Mamquam 11.72 5.58 5  5.56 2.79 43 4 2.43 
Squamish - - -  6.17 4.11 32     

Prickly sculpin 
Cheakamus 15.21 3.44 10  17.12 6.39 4 4 0.57 
Mamquam 18.00 1.94 4  - - -   
Squamish - - -   - - -     

Note. Dashes indicate data were not obtained. 
*p < .05, two-tailed. 

Length-Frequency and Age Classes 

Length profiles for prickly and coastrange sculpins sampled across river systems are 

provided in Table 5 and show prickly sculpins are greater than coastrange sculpins. The length-

frequency distribution histograms show the mean number of fish per length (see Figures 5 and 

6). Age classes were determined based on the length-frequency distributions as well as sculpin 

age class information taken at similar times of the year from other locations such as Vancouver 

Island in June and August (Ringstad & Narver, 1973), Alaska in July (Wydoski & Whitney, 

2003), as well as the Cheakamus River in September (Triton, 2009a). The data suggested there 

may have been six to seven age classes of coastrange sculpin present in the river at the time of 

sampling, representing ages two to eight (see Figures 5 and 6; see also Table 6). Age classes are 

also displayed as the mean length per age (see Table 6). 
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Table 5. Coastrange and Prickly Sculpin Lengths in the Cheakamus, Mamquam, and Squamish 
River Systems 

Sculpin species per drainage M (mm) SD n 
Minimum 

(mm) 
Maximum 

(mm) 
Cheakamus      

Coastrange 87.16a 13.46 170 59 113 
Prickly 106.43 10.32 14 88 128 
Mamquam      

Coastrange 79.00b 13.60 48 60 118 
Prickly 114.50 4.04 4 111 120 
Squamish      

Coastrange 78.00b 16.97 32 56 116 
Prickly - - - - - 

Note. Dashes indicate data were not obtained. Means with different subscripts are significantly 
different at p < .01 in the Tukey HSD comparison. 

 

Figure 5. Length–frequency distribution of coastrange sculpin in the Cheakamus River. 
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Figure 6. Length–frequency distribution of coastrange sculpin in the Mamquam River. 

Table 6. Mean Total Lengths (mm) of Coastrange Sculpins for Estimated Age Classes 

 Month, Year, Location 

Age 
class 

May, 
2008, 
MAM nMAM 

May, 
2008, 
SQU nSQU 

June, 
1973, 
Van 
Islda 

July, 
2003, 

Alaskab 

Aug, 
1973, 
Van 
Islda 

Sept, 
2007, 
CHKc 

Sept, 
2007, 
CHK nCHK 

2+ - - 57 (±1) 4 47.0 51 57.0 60 63 (±2) 9 
3+ 64 (±2) 13 62 (±3) 7 59.5 66 70.0 70 70 (±2) 25 
4+ 72 (±3) 10 74 (±2) 6 71.5 76 79.5 82 82 (±4) 62 
5+ 82 (±3) 14 83 (±4) 7 - 86 - 95 94 (±2) 25 

6+ 92 (±2) 7 96 (±4) 5 - 96 - 105 
102 
(±3) 41 

7+ 
107 
(±2) 3 

108 
(±4) 2 - 99 - 113 

111 
(±2) 8 

8+ 
118 
(±0) 1 

116 
(±0) 1 - - - - - - 

Note. Bold print indicates data obtained as part of this study. Dashes indicate data were not 
obtained. Values in parentheses represent standard deviations. MAM = Mamquam River; 
SQU = Squamish River; Van Isld = Vancouver Island, BC; CHK = Cheakamus River; 
Aug = August; Sept = September; nCHK refers to the data obtained as part of this study. 

aFrom Ringstad and Narver, 1973. bFrom Wydoski and Whitney, 2003. cFrom Triton, 2009a. 



Investigating Cottid Recolonization   43 

Length–Weight Relationships 

The length and weight data for the Mamquam and Cheakamus Rivers (see Tables 5 and 

7) show prickly sculpin mean, minimum, and maximum lengths and weights as being greater 

than those for coastrange sculpin. Prickly sculpin data were not obtained from the Squamish 

River. The largest sculpin sampled, a prickly, was found in the Cheakamus River (128 mm, 

23.03 g). However, the mean prickly length and weight in the Mamquam River (114.50 mm ± 

4.04 SD and 18.00 g ± 1.94 SD respectively) was greater than the mean in the Cheakamus River 

(106.43 mm ± 10.32 SD and 15.75 g ± 4.30 SD respectively). 

Table 7. Coastrange and Prickly Sculpin Weights in the Cheakamus, Mamquam, and Squamish 
River Systems 

Sculpin species per drainage M (g) SD n Minimum (g) Maximum (g) 

Cheakamus      

Coastrange 8.52a 4.19 170 1.97 19.42 

Prickly 15.75 4.30 14 9.71 23.03 

Mamquam      

Coastrange 6.20b 3.63 48 2.26 17.60 

Prickly 18.00 1.94 4 15.53 19.84 

Squamish      

Coastrange 6.17b 4.11 32 1.97 17.15 

Prickly - - - - - 

Note. Dashes indicate data were not obtained. Means with different subscripts are significantly 
different at p < .01 in the Tukey HSD comparison. 

The length-weight relationships of coastrange sculpins sampled in the Cheakamus, 

Mamquam, and Squamish Rivers are shown in Figure 7. The R squared values for each curve are 

approximately 0.97 (see Figure 7) and reflect the strong relationship between length and weight 

of fish. In Figure 7, it is evident the growth curves of coastrange sculpins in each of the river 
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systems are similar to each other with a trend for heavier fish in the Cheakamus River when fish 

are greater than 100 mm in length. 

 

Figure 7. Length–weight relationship for coastrange sculpin in the Cheakamus, Mamquam, and 
Squamish Rivers. 

Note. CHK = Cheakamus River; MAM = Mamquam River; SQU = Squamish River. The 
respective trendline equations are yCHK = 2(10-6) x3.4245; yMAM = 3(10-6) x3.2759; and ySQU = (10-5) 
x2.9686, where y = weight (g) and x = total length (mm). The respective R2 values for the 
trendlines are R2

 CHK = 0.9799; R2 MAM = 0.9749; and R2 SQU = 0.9752. 

The condition factors calculated for coastrange and prickly sculpins in the Mamquam, 

Squamish, and Cheakamus Rivers are displayed in Table 8. Mean condition factors for prickly 

sculpin tend to be greater than mean condition factors for coastrange sculpin. Furthermore, mean 

condition factors for both species in the Cheakamus River tend to be greater than mean condition 

factors for both species in the Squamish and Mamquam Rivers (see Table 8). 
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Table 8. Mean Condition Factors for Coastrange and Prickly Sculpins in the Mamquam, 
Squamish, and Cheakamus Rivers 

Condition Factor   Sculpin species per 
drainage M SD Minimum Maximum n 

Mamquam      
Coastrange 1.13 0.12 0.96 1.50 48 
Prickly 1.20 0.17 1.02 1.41 4 
Squamish      
Coastrange 1.14 0.12 0.98 1.47 32 
Prickly - - - - - 
Cheakamus      
Coastrange 1.17 0.12 0.84 1.47 170 
Prickly 1.29 0.16 1.06 1.70 14 

Note. Dashes indicate data were not obtained. 

Effect of River System on Sculpin Size 

Mean, standard deviation, and sample size for coastrange sculpin total length is shown in 

Table 5. The variance around coastrange sculpin mean lengths was different among the three 

river systems (see Table 5) based on the ANOVA results, F (2, 247) = 10.25, p = 0.00. The 

Tukey HSD comparison showed coastrange sculpins in the Cheakamus River were longer than 

those in the Squamish and Mamquam Rivers, but lengths were not different between the 

Squamish and the Mamquam Rivers (see Table 5). 

Similar results were found for coastrange sculpin mean weight. Mean, standard deviation, 

and sample size for coastrange sculpin weight is shown in Table 7. The variance around 

coastrange sculpin mean weight was different among the three river systems (see Table 7) based 

on the ANOVA results, F (2, 247) = 8.84, p = 0.00. The Tukey HSD comparison showed 

coastrange sculpins in the Cheakamus River were heavier than those in the Squamish and 
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Mamquam Rivers, but weights were not different between the Squamish and the Mamquam 

Rivers (see Table 7). 

The requisite conditions for using ANOVA were tested with the assumption of normality 

of residuals being accepted for both lengths and weights, although the KS Lillefors test gave a 

low probability the data residuals are normally distributed (p = 0.02 and 0.00 respectively, 

n = 250 for each group). It should be noted, however, a large sample size as observed in these 

groups (i.e., n = 250) will render the power of a test high, allowing small deviations from 

normality to be detected, hence leading to a false conclusion the data are not normally 

distributed. The assumption of normality of residuals was, therefore, maintained for both lengths 

and weights. The assumption of homogeneity of variance of residuals, tested using Levene’s test, 

found the variances to be homogeneous for both lengths and weights, F (2, 247) = 1.66, p = 0.19, 

and F (2, 247) = 2.29, p = 0.10, respectively. The assumption of independence of residuals, 

tested using an autocorrelation plot, found the residuals to be independent for both length and 

weight data. 

Site Characteristics 

Site characteristics observed and measured at each site included water quality parameters, 

hydrological features, and habitat characteristics. The results of these observations are compared 

across the three river systems. 

Water Quality 

Mean pH and conductivity observed during minnow trap sampling were similar between 

the Mamquam and the Cheakamus Rivers, and mean temperature observed during minnow trap 

sampling was approximately 5 °C warmer in the Cheakamus River than in the Mamquam River 

(see Table 9). This is likely due to the time of year of sampling for minnow trapping, which was 
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in the fall in the Cheakamus River and in the spring in the Mamquam River. Among electrofish 

sampling sites, mean pH remained consistent across the three rivers (see Table 10). Mean 

temperature was a few degrees warmer among electrofish sampling sites in the Cheakamus River 

(M = 8.8, SD = 3.7) than in the Mamquam (M = 6.5, SD = 2.1) and Squamish Rivers (M = 5, SD 

= 0). This is again likely due to the time of year of electrofish sampling, which was in the fall in 

the Cheakamus River and in the spring in the Mamquam and Squamish Rivers. Temperature and 

pH values observed during minnow trap and electrofish sampling events fell within the range of 

recommended guidelines for the protection of freshwater aquatic life (Government of British 

Columbia, Ministry of Environment, 1998). Among electrofishing sites, mean conductivity, total 

dissolved solids, and turbidity ranged between rivers and between sites (see Table 10) with the 

lowest mean conductivity and total dissolved solids observed in the Squamish River, and the 

highest observed in the Cheakamus River. Turbidity was lowest in the Mamquam River and 

highest in the Cheakamus and Squamish Rivers (see Table 10). Mean water quality 

measurements are shown in Table 9, collected at the time of minnow trap sampling, and in Table 

10, collected at the time of electrofishing. 
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Table 9. Summary of Minnow Trap Site Water Quality Data 

River System 

Mean 
soak 
time 

(hours) 

Mean 
Temp at 
setting 
(ºC) 

Mean 
Temp at 
retrieval 

(ºC) 

Mean 
pH at 
setting 

Mean pH 
at 

retrieval 

Mean 
conductivity 

at setting 
(µS/cm) 

Mean 
conductivity 
at retrieval 
(µS/cm) 

Mean 
TDS at 
setting 
(ppm) 

Mean 
TDS at 
retrieval 
(ppm) 

Cheakamusa          
M 19:51 11.6 10.9 7.58 7.12 43 42 - - 
SD 0:40 0.4 0.4 0.02 0.24 1 1 - - 
Minimum 18:47 11.0 10.5 7.56 6.82 42 41 - - 
Maximum 20:55 12.1 11.5 7.60 7.44 44 43 - - 

Mamquamb          
M 22:50 5.8 5.9 7.26 7.21 41 38 21 18 
SD 9:50 0.6 0.7 0.27 0.33 8 2 5 1 
Minimum 20:05 5.1 5.1 6.92 6.76 33 36 17 17 
Maximum 23:59 6.7 6.7 7.51 7.51 57 40 31 20 

Note. Temp = temperature; TDS = total dissolved solids. Dashes indicate data were not recorded. Minnow trap data were not obtained 
for the Squamish River. Periods of sampling included Sept 3, 2007, on the Cheakamus River, and April 26 to May 11, 2008, on the 
Mamquam River. 
an = 50; bn = 51. 
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Table 10. Summary of Electrofish Site Water Quality Data 

River System 
Mean temp 

(ºC) Mean pH 

Mean 
conductivity 

(µS/cm) 

Mean 
TDS 

(ppm) 

Mean 
turbidity 

(cm) 

Cheakamusa         
M 8.8 7.48 55 28 38 
SD 3.7 0.28 30 16 30 
Minimum 0.4 7.05 33 17 1 
Maximum 11.0 7.78 122 62 70 

Mamquamb     
M 6.5 7.75 26 13 85 
SD 2.1 0.03 8 4 7 
Minimum 5.0 7.73 20 10 80 
Maximum 8.0 7.77 32 16 90 

Squamishc     
M 5.0 7.37 9 4 50 
SD 0.0 0.00 0 0 0 
Minimum 5.0 7.37 9 4 50 
Maximum 5.0 7.37 9 4 50 

Note. Temp = temperature; TDS = total dissolved solids. Periods of sampling included 
September 18 to 23, 2007, on the Cheakamus River, May 13 and 15, 2008 on the Mamquam 
River, and May 16, 2008, on the Squamish River. 

an = 7; bn = 2; cn = 1. 

Hydrology and Habitat 

On the Cheakamus River, minnow traps were mainly set in sites associated with riffles 

and in sites associated with runs and glides (see Table 11). On the Mamquam River, minnow 

traps were mainly set in sites associated with runs and also in sites associated with riffles and 

pools (see Table 11). The primary sources of cover at the minnow trap sites on the Cheakamus 

River were boulders, as well as pools and small woody debris, or a small piece of stable woody 

material with a diameter less than 20 cm (British Columbia Fisheries Information Services 
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Branch, 2001; see also Table 11). On the Mamquam River, most of the sites sampled provided 

cover with boulders, as well as undercut banks and small and large woody debris—a large piece 

of stable woody material with a minimum diameter greater than 20 cm (British Columbia 

Fisheries Information Services Branch, 2001; see also Table 11). Mean trap soak time ranged 

from approximately 19 to 21 hours on the Cheakamus River and from approximately 20 to 24 

hours on the Mamquam River (see Table 9). Mean trap depth varied from 0.20–1.15 m and 0.24–

1.14 m in the Cheakamus and Mamquam Rivers respectively (see Appendix B). 

Table 11. Summary of Minnow Trap Site Habitat Characteristics 

Number of Traps 
Variable Cheakamus River Mamquam River 
HUT   
Pool 0 8 
Glide 12 0 
Run 10 34 
Riffle 28 9 
Cover type   
Boulder 41 23 
LWD 0 6 
SWD 2 12 
Pool 7 1 
Undercut bank 0 9 
Overstream vegetation 0 0 

Note. HUT = hydraulic unit type; LWD = large woody debris; SWD = small woody debris. 

Electrofishing sites consisted of riffles and runs (see Table 12). Substrate at the 

electrofish sites in the Cheakamus River primarily consisted of cobble and boulder and also 

included gravel and fines (see Table 12). Substrate at the electrofish sites in the Mamquam River 

mainly consisted of cobble and gravel and also included boulder and fines, while substrate on the 

Squamish River was dominated by cobble and also included gravel and sand (see Table 12). The 
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main source of total available cover at electrofishing sites on the Cheakamus River were 

boulders and pools, on the Mamquam River it was boulder and cobble, and on the Squamish 

River it was small woody debris (see Table 12). Mean site depth was similar between all three 

rivers, ranging from 0.15–0.55 m (see Appendix C). Mean site velocity was higher on the 

Mamquam River (0.83 m/s) and ranged from 0.19–0.54 m/s on the Cheakamus and Squamish 

Rivers (see Appendix C). 

Table 12. Summary of Electrofish Site Habitat Characteristics 

Substrate   Cover type 

Sites HUT 
% 

Boulder 
% 

Cobble 
% 

Gravel 
% 

Fines 
% 

Sand   
% 

Boulder 
% 

Pool 
% 

Cobble 
% 

SWD 
Cheakamus River 

L 1.3 Riffle 10 50 30 10 0  15 15 0 0 
L 1.5 Run 70 20 5 5 0  40 40 0 0 
R 2.1 Riffle 25 40 30 5 0  25 25 0 0 
R 2.15 Riffle 20 50 25 5 0  30 30 0 0 
L 2.8 Riffle 70 25 2.5 2.5 0  40 40 0 0 
R 2.9 Run 50 5 0 45 0  40 40 0 0 
R 4.8 Riffle 5 75 20 0 0   15 0 0 0 

Mamquam River 
R 3.7 Run 5 15 75 5 0  5 0 0 0 
R 3.7 Run 0 90 5 5 0   0 0 10 0 

Squamish River 
R 33.0 Run 0 75 15 0 10   0 0 0 5 

Note. L = left river margin; R = right river margin; HUT = hydraulic unit type; SWD = small 
woody debris. 
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CHAPTER FIVE: DISCUSSION 

Population Structure 

Coastrange and prickly sculpin length and weight data were gathered for the Squamish, 

Cheakamus, and Mamquam River drainages using minnow trapping and electrofishing 

methodologies. No minnow trapping data were obtained for the Squamish River, nor were any 

prickly sculpin obtained from the Squamish River. In the Cheakamus and Mamquam Rivers, 

prickly sculpin mean, minimum, and maximum lengths and weights were greater than those for 

coastrange sculpin (see Tables 5 and 7). 

Age classes for coastrange sculpin were determined based on the length frequency data 

and based on other studies done at similar times of year in various coastal drainages (see 

Table 6) such as Ringstad and Narver (1973), who suggest the average annual growth increment 

to be approximately 10 mm, Wydoski and Whitney (2003), as well as Triton (2009a). The data 

suggested six to seven age classes might have been present in the river systems at the time of 

sampling, ranging from ages two to eight (see Figures 5 and 6; see also Table 6). 

Length and weight profiles were examined for both species across the three river systems. 

For coastrange sculpins, the data indicated lengths and weights measured from the Squamish and 

Mamquam Rivers were not statistically different, while fish from the Cheakamus River 

displayed a trend of being longer and heavier. Mean condition factors for coastrange sculpin 

were also greater in the Cheakamus River than in the Squamish and Mamquam Rivers (see Table 

8). In addition, the length–weight growth curves (see Figure 7) show coastrange sculpins have 

similar growth rates across all three river systems, but there is a tendency for coastrange in the 

Cheakamus River to be slightly larger. These data suggested healthier, larger sized, and more 

robust sculpin individuals present in the river systems are moving into the Cheakamus River to 
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colonize available upstream habitat. This is consistent with the suggestion by Brown et al. (1995) 

that sculpins tend to move upstream over their lifetime and that a significant relationship exists 

between prickly and coastrange sculpin length and distance to the ocean. 

The number of prickly sculpins sampled in this study was less than the number of 

coastrange sculpins sampled. It is unknown whether prickly sculpin numbers are truly low, 

whether they have always been low, whether prickly sculpins are disappearing from Squamish 

drainages, or whether they are reappearing. Minnow trapping was found to be more effective at 

sampling prickly sculpin than electrofishing, as more than 75% of prickly sculpin observed in 

this study were sampled with minnow traps. Ringstad and Narver (1973) suggested prickly 

sculpins are more abundant in the lower reaches of rivers, which may explain why prickly 

sculpins were not observed in the upper reaches of the Squamish River. Historically, sculpins on 

the Cheakamus River have been sampled in upstream habitats near the anadromous barrier as 

well as above the barrier, though samples were not identified to species (McCubbing et al., 2006; 

van Dishoeck, 2000, 2002; van Dishoeck & Horne, 2002). In the work undertaken as part of this 

thesis, representative prickly sculpin habitat as well as coastrange sculpin habitat was sampled, 

and coastrange sculpin were greater in number. 

Within the three river systems sampled, there were several similarities among the site 

habitat characteristics and hydrology. The three rivers systems each provide a similar range of 

habitat types, and sculpins were sampled in a variety of habitat types with differing percentages 

of cover, substrate, velocity, and turbidity (see Tables 10, 11, and 12; see also Appendix C). The 

observed differences in habitat as reflected in the chosen sampling sites are not considered 

adequate to explain differences in sculpin size, growth or genetics within the limitations and 

study design adopted. 
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Based on the results of this work, the data suggested sculpins are recolonizing available 

habitat in the Cheakamus River, and coastrange sculpin size is larger in the Cheakamus River 

than in the Squamish and Mamquam Rivers. This leads me to accept my hypothesis, which states 

population structure is different in the Cheakamus River compared with the Squamish and 

Mamquam Rivers. 

Population Distinctiveness 

Results from Taylor and Gow’s (2008) genetic analyses on the data show sculpin 

populations are not distinct across the Squamish, Cheakamus, and Mamquam Rivers and suggest 

recolonization of the Cheakamus River is occurring as individuals move in from adjacent river 

drainages. This observation is likely a phenomenon of natural recovery following the impact of 

the spill. As larger and healthier individuals move in from other river systems such as the 

Mamquam and the Squamish Rivers, they enter the lower reaches of the Cheakamus River. Over 

time, individuals may migrate farther upstream to colonize new habitat (Brown et al., 1995). The 

results described in this thesis are consistent with the suggestions made by Brown et al. (1995) 

and Taylor and Gow (2008), and also suggest sculpins are recolonizing available habitat in the 

Cheakamus River. In 2007, the RAMP also found minimum sculpin length increased with 

distance from the confluence (Triton, 2009a), supporting the suggestion of recolonization from 

downstream habitats, as opposed to larval drift from upstream habitats or recruitment from local 

sites. 

It seems apparent sculpins are recolonizing the Cheakamus River given the limits of 

upstream capture have increased each year. The specific rate of upstream migration is not 

known, although it is hoped continued work as described in this thesis and that being undertaken 

as part of the Cheakamus Ecosystem Recovery Plan will provide some answers in this regard. It 
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remains unclear whether sculpins retain fidelity to their natal streams after downstream 

migration. Accepting recolonization is occurring in the Cheakamus River would suggest the 

species do not display specific habitat fidelity and may be opportunistic colonizers and invaders 

of conveniently available and preferred habitat. The weight of evidence provided by the results 

of this study, and supported by results from Taylor and Gow (2008) and Triton (2009a), suggests 

sculpins are recolonizing the Cheakamus River and that this recolonization could be seeded by 

capable individuals from adjacent systems including the Mamquam and Squamish Rivers. 

Implications for Management 

This work has helped answer some of the questions regarding sculpin recovery following 

the sodium hydroxide spill of 2005. There are other questions and interesting research 

hypotheses to consider for the future. The work described in this thesis will be a contribution to 

those field biologists needing improved identification methods for prickly and coastrange 

sculpins. DNA results offer intriguing insights into population distinctiveness not previously 

studied except as part of the Cheakamus Ecosystem Recovery Plan, all of which can be used to 

assess continued recovery in the Cheakamus River. 

Historically, sculpin species in the Squamish River drainages have not been very well 

studied, and much of the existing data are based on incidental catch data or the data have been 

developed in other drainages. Coastrange and prickly sculpin have often been grouped and 

described as cottids or fish in the genus Cottus with little recognition of within-species 

differentiation (Haas, 2000; Hartle, 2006) in spite of evidence of this biodiversity (McPhail, 

2007). Research into sculpin biology, behaviour, and distribution within the Squamish River 

watershed has not been a priority compared with the work undertaken for Pacific salmon and 

steelhead trout. The reasons for this are many and are primarily related to these species’ 
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contributions to the commercial, sports, and subsistence fisheries. This is in contrast to other 

areas, such as Cultus Lake, BC, where a greater number of sculpin studies have been carried out 

and a greater understanding of the sculpin populations inhabiting Cultus Lake exists (Coffie, 

1998; Government of British Columbia, Ministry of Fisheries, 1999). As a result of the spill, 

many studies are now ongoing in the Cheakamus River ecosystem and are focusing on sculpins, 

but only as of recently. It is clear there are differences between the populations of coastrange and 

prickly sculpins, and these differences should be considered with respect to the management and 

recovery of these species. The updated sculpin identification key developed by Triton and 

confirmed by the genetic tests undertaken as part of this research is an improvement and will 

enhance accuracy of field identification for the sculpin species. This contribution is important in 

assessing species recovery and for their management here and elsewhere. 

Researchers have raised interesting questions about the role of sculpins in coastal 

ecosystems. Prickly and coastrange sculpins may play a role in the recycling and redistribution 

of nutrients throughout their niche, a process integral to ecosystem health (White & Harvey, 

2001). Regarding predator and prey relationships, some researchers have suggested sculpins tend 

towards salmonid egg and fry predation (British Columbia Conservation Data Centre, 2008; 

Patten, 1971a; Simpson, 2007), while several other investigators disagree (Ikusemiju, 1975; 

LeMoine, 2007; Tomaro, 2006). Other studies suggest sculpins are a source of prey for 

salmonids (Heard, 1965; LeMoine, 2007; Moyle, 1976). Sculpins have occupied a valid niche in 

the Cheakamus River ecosystem and their presence as demonstrated by healthy reproducing 

populations is a reflection of general ecosystem health (Borisenko, 1995). 

The ratio of prickly to coastrange sculpins in the Cheakamus River prior to the spill is 

currently unknown. Research initiated in 2008 proposed to examine the species ratio from 
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mortalities recovered at the time of the spill. These dead fish were subsequently frozen and have 

been retained since the spill and may offer insights into population structure prevailing at the 

time of the spill. The population structure prior to the spill could form the basis for establishing 

recovery targets for each species. Gaining a better understanding of what healthy prickly and 

coastrange sculpin population densities, abundance, and species composition look like in the 

Squamish River drainages may be helpful to the management, recovery, and sustainability of the 

sculpin populations in the Cheakamus River ecosystem, including the development of recovery 

strategies, recovery targets, and recovery monitoring programs. 

Little is known about the prickly and coastrange sculpin’s ability to recover from an 

impact such as the spill in 2005 and what influence their life history and biology in Squamish 

River drainages may have had on their role in the local ecosystem. This work combined with 

other ongoing studies has increased our understanding of some of these issues. These questions 

and issues have implications in determining management strategies for affected sculpin 

populations, especially in consideration of adaptive management principles and the sustainability 

of the ecosystem. This research reminds us species not considered economically important still 

have a niche and role to play in a dynamic ecosystem (Borisenko, 1995; White & Harvey, 2001), 

and current regulation should perhaps be broader in scope to account for these species when 

populations are impacted to the extent observed following the sodium hydroxide spill (Cantara 

Trustee Council, 2007). When considering the recovery of an ecosystem, the health of all species 

components must be taken into account. 
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The work described in this thesis was undertaken to provide a better understanding of 

sculpin life history, distribution, and population abundance in the Squamish, Mamquam, and 

Cheakamus River drainages. It is hoped the results of this work will provide further insights into 

the ongoing mechanisms of sculpin recovery and that the information will be helpful to 

regulatory agencies and managers in implementing effective recovery strategies. Based on the 

results of this research, the following conclusions have been drawn. 

1. The data support the hypothesis, which states sculpin recolonization is occurring 

within the Cheakamus River from adjacent river drainages, specifically the 

Mamquam and the Squamish Rivers, and is considered the principal mechanism 

driving natural sculpin recovery in the Cheakamus River. 

2. This study complements existing monitoring and recovery programs related to 

Cheakamus ecosystem recovery and has contributed useful information regarding 

sculpin biology and life history and has identified a number of research-related 

questions regarding sculpins in the Squamish River watershed. 

3. Coastrange sculpin in the Cheakamus River were found to be larger in size (i.e., 

length and weight) than in the Mamquam and Squamish Rivers, and, on average, 

there was a tendency for prickly sculpin to be greater in length and weight than 

coastrange sculpin. 

4. Of the prickly sculpin sampled, 75% were caught via minnow trap as opposed to 

electrofishing; this suggests the species has a preference for deep, slow-moving water 

associated with pool habitat. 
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5. Field and DNA data suggest sculpins are similar in the three river systems and that 

they colonize new habitats opportunistically, but the extent they display fidelity to 

their home streams is uncertain. 

6. This research has contributed important data regarding population distinctiveness and 

recovery mechanisms being employed by the species, which will be useful to 

regulators and managers in considering responses to other events where sculpin 

populations have been affected at the ecosystem level. 

Recommendations 

Prickly and coastrange sculpin occupy an important niche in the ecosystem and in many 

ways reflect the health of that ecosystem. Research undertaken to date pertaining to recovery of 

the species following the 2005 sodium hydroxide spill shows evidence the species are 

recovering. The work being undertaken, however, could be broadened to explore these recovery 

mechanisms further in order to provide regulators and managers with additional information for 

developing and implementing effective recovery strategies. Based on these observations along 

with the results and conclusions of this work, the following recommendations are proposed. 

1. Investigate prickly sculpin habitat preferences and whether new research tools exist to 

improve the sampling methodology for both prickly and coastrange sculpin. 

2. Investigate prickly sculpin densities to evaluate if they are reflective of current 

populations in adjacent drainages. Other related questions include determining if 

current abundance is similar to historic or pre-spill abundances, and whether prickly 

sculpin abundance is higher in the Squamish River estuary than in tributaries. 
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3. Examine frozen specimens collected from the Cheakamus and Squamish Rivers at the 

time of the spill in order to better understand sculpin population densities and 

composition, both current and historic. 

4. Continue monitoring prickly and coastrange sculpin population abundance and 

species composition in the Cheakamus River to evaluate the progress of natural 

recovery and further refine recovery targets for the two species. 

5. Continue to drive the recovery process through a framework of adaptive management 

principles. 

6. Expand public communication and perception regarding the importance of sculpin 

species research in the Squamish River drainages, emphasizing the importance of 

adaptive management to the recovery and the sustainability of the species and the 

Cheakamus River ecosystem. 

In conclusion, the research developed to date provides a better understanding of the 

prickly and coastrange sculpin populations within the Squamish, Cheakamus, and Mamquam 

River drainages than what was understood before. This work has contributed to the genetics and 

the field identification of two species previously recognized as being difficult to understand. The 

work completed as part of this thesis has also contributed to an understanding of how the two 

species are recovering from ecosystem impact. This work will facilitate regulatory agencies, 

researchers, and people involved in the development of recovery approaches to make informed 

decisions within an adaptive management framework in support of sculpin recovery in the 

Cheakamus River ecosystem. 
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APPENDIX A: HYDROGRAPHS FOR THE SQUAMISH, MAMQUAM, AND 

CHEAKAMUS RIVERS 
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Figure A1. Mean, maximum, and minimum monthly discharge for the Squamish River in 
Squamish, BC, from years 1922 to 2008, from water guage 08GA022, located near Brackendale.  
 
Note. Max = maximum; Min = minimum. From Water Level and Streamflow Statistics, 
Squamish River Near Brackendale (Data file), Water Survey of Canada, 2009. Retrieved August 
1, 2009, from 
http://www.wsc.ec.gc.ca/staflo/index_e.cfm?cname=flow_monthly.cfm&first=1922&last=2008 
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Figure A2. Mean, maximum, and minimum monthly discharge for the Mamquam River in 
Squamish, BC, from years 1990 to 2007, from water guage 08GA075, located above Ring Creek.  
 
Note. Max = maximum; Min = minimum. From Water Level and Streamflow Statistics, 
Mamquam River Above Ring Creek (Data file), Water Survey of Canada, 2009. Retrieved August 
1, 2009, from 
http://www.wsc.ec.gc.ca/staflo/index_e.cfm?cname=flow_monthly.cfm&first=1990&last=2007 
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Figure A3. Mean, maximum, and minimum monthly discharge for the Cheakamus River in 
Squamish, BC, from years 1957 to 2008, from water guage 08GA043, located near Brackendale.  
 
Note. Max = maximum; Min = minimum. From Water Level and Streamflow Statistics, 
Cheakamus River Near Brackendale (Data file), Water Survey of Canada, 2009. Retrieved 
August 1, 2009, from 
http://www.wsc.ec.gc.ca/staflo/index_e.cfm?cname=flow_monthly.cfm&first=1957&last=2008 
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APPENDIX B: MINNOW TRAP AND ELECTROFISHING SAMPLING LOCATIONS AND DATES ON THE CHEAKAMUS, 

SQUAMISH, AND MAMQUAM RIVERS 

UTM Coordinates 
Date River System 

River margin 
and km Methoda Trap 

Depth 
(m) Zone Easting Northing 

3-Sep-07 Cheakamus L 1.1 - 1.6 MT 1 0.45 10U 487893 5515646 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 2 0.55 10U 487893 5515644 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 3 1.00 10U 487895 5515635 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 4 0.30 10U 487899 5515628 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 5 0.30 10U 487903 5515616 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 6 0.35 10U 487907 5515605 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 7 0.30 10U 487909 5515590 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 8 0.40 10U 487911 5515573 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 9 0.35 10U 487913 5515563 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 10 0.30 10U 487914 5515549 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 11 0.35 10U 487915 5515546 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 12 0.40 10U 487922 5515513 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 13 0.50 10U 487917 5515516 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 14 0.45 10U 487917 5515500 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 15 0.35 10U 487927 5515477 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 16 0.50 10U 487922 5515475 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 17 0.30 10U 487919 5515464 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 18 0.60 10U 487921 5515452 
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UTM Coordinates 
Date River System 

River margin 
and km Methoda Trap 

Depth 
(m) Zone Easting Northing 

3-Sep-07 Cheakamus L 1.1 - 1.6 MT 19 0.30 10U 487921 5515436 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 20 0.27 10U 487921 5515428 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 21 0.30 10U 487916 5515407 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 22 0.25 10U 487921 5515404 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 23 0.28 10U 487919 5515388 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 24 0.27 10U 487913 5515377 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 25 0.25 10U 487905 5515355 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 26 0.30 10U 487902 5515352 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 27 0.30 10U 487906 5515329 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 28 0.35 10U 487883 5515318 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 29 0.20 10U 487857 5515286 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 30 0.20 10U 487853 5515272 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 31 0.24 10U 487848 5515259 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 32 0.41 10U 487840 5515251 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 33 0.23 10U 487847 5515241 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 34 1.15 10U 487832 5515248 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 35 0.32 10U 487836 5515258 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 36 0.90 10U 487835 5515269 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 37 0.30 10U 487845 5515286 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 38 0.45 10U 487846 5515297 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 39 0.42 10U 487847 5515309 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 40 0.30 10U 487850 5515324 
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UTM Coordinates 
Date River System 

River margin 
and km Methoda Trap 

Depth 
(m) Zone Easting Northing 

3-Sep-07 Cheakamus L 1.1 - 1.6 MT 41 0.50 10U 487850 5515339 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 42 0.55 10U 487856 5515349 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 43 0.30 10U 487859 5515366 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 44 0.30 10U 487865 5515374 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 45 0.25 10U 487884 5515381 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 46 0.23 10U 487875 5515387 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 47 0.24 10U 487886 5515397 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 48 0.25 10U 487893 5515410 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 49 0.30 10U 487895 5515412 
3-Sep-07 Cheakamus L 1.1 - 1.6 MT 50 0.32 10U 487902 5515418 
18-Sep-07 Cheakamus L 2.8 EF n/a n/a 10U n/a n/a 
21-Sep-07 Cheakamus R 2.1 EF n/a n/a 10U 488050 5516000 
21-Sep-07 Cheakamus R 2.15 EF closed n/a n/a 10U n/a n/a 
21-Sep-07 Cheakamus R 2.9 EF n/a n/a 10U 488846 5516456 
22-Sep-07 Cheakamus L 1.3 EF closed n/a n/a 10U 487909 5515370 
22-Sep-07 Cheakamus L 1.5 EF n/a n/a 10U 487914 5515561 
23-Sep-07 Cheakamus R 4.8 EF closed n/a n/a 10U 489176 5517668 
26-Apr-08 Mamquam L 1.36 MT 1 0.90 10U 487829 5526785 
26-Apr-08 Mamquam L 1.36 MT 2 0.81 10U 487810 5527124 
26-Apr-08 Mamquam L 1.38 MT 3 0.25 10U 488591 5528729 
26-Apr-08 Mamquam L 1.4 MT 4 0.27 10U 488674 5529809 
26-Apr-08 Mamquam L 1.45 MT 5 0.25 10U 489055 5530982 
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UTM Coordinates 
Date River System 

River margin 
and km Methoda Trap 

Depth 
(m) Zone Easting Northing 

26-Apr-08 Mamquam L 1.52 MT 6 0.31 10U 489116 5531446 
26-Apr-08 Mamquam L 1.6 MT 7 0.32 10U 489157 5532063 
26-Apr-08 Mamquam L 1.77 MT 8 0.48 10U 473253 5532582 
26-Apr-08 Mamquam L 1.77 MT 9 0.28 10U 473333 5532581 
1-May-08 Mamquam L 1.36 MT 1 0.92 10U 487809 5526970 
1-May-08 Mamquam L 1.36 MT 2 0.70 10U 487809 5526970 
1-May-08 Mamquam L 1.36 MT 3 0.82 10U 487809 5526970 
1-May-08 Mamquam L 1.36 MT 4 0.75 10U 487809 5526970 
1-May-08 Mamquam L 1.77 MT 5 0.48 10U 472058 5532588 
1-May-08 Mamquam L 1.77 MT 6 0.46 10U 472058 5532588 
1-May-08 Mamquam L 1.77 MT 7 0.56 10U 472058 5532588 
1-May-08 Mamquam L 1.77 MT 8 0.24 10U 472138 5532588 
2-May-08 Mamquam L 1.36 MT 1 0.70 10U 487750 5526878 
2-May-08 Mamquam L 1.36 MT 2 0.78 10U 487750 5526908 
2-May-08 Mamquam L 1.36 MT 3 0.63 10U 487750 5526908 
2-May-08 Mamquam L 1.36 MT 4 0.88 10U 487710 5526970 
2-May-08 Mamquam L 1.77 MT 5 0.53 10U 473134 5532582 
2-May-08 Mamquam L 1.77 MT 6 0.45 10U 473134 5532582 
2-May-08 Mamquam L 1.77 MT 7 0.55 10U 473154 5532582 
2-May-08 Mamquam L 1.77 MT 8 0.24 10U 473233 5532582 
3-May-08 Mamquam L 1.36 MT 1 0.96 10U 487750 5526878 
3-May-08 Mamquam L 1.36 MT 2 0.73 10U 487750 5526908 
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UTM Coordinates 
Date River System 

River margin 
and km Methoda Trap 

Depth 
(m) Zone Easting Northing 

3-May-08 Mamquam L 1.36 MT 3 0.95 10U 487750 5526908 
3-May-08 Mamquam L 1.36 MT 4 0.79 10U 487710 5526970 
3-May-08 Mamquam L 1.77 MT 5 0.24 10U 473194 5532644 
3-May-08 Mamquam L 1.77 MT 6 0.24 10U 473213 5532613 
3-May-08 Mamquam L 1.77 MT 7 0.63 10U 473194 5532613 
3-May-08 Mamquam L 1.77 MT 8 0.30 10U 473273 5532613 
9-May-08 Mamquam L 1.36 MT 1 1.01 10U 487611 5527310 
9-May-08 Mamquam L 1.36 MT 2 1.14 10U 487610 5527094 
9-May-08 Mamquam L 1.36 MT 3 0.95 10U 487690 5526970 
9-May-08 Mamquam L 1.36 MT 4 1.02 10U 487690 5526970 
9-May-08 Mamquam L 1.37 MT 5 0.58 10U 487731 5527156 
9-May-08 Mamquam L 1.77 MT 6 0.26 10U 473174 5532644 
9-May-08 Mamquam L 1.77 MT 7 0.25 10U 473194 5532644 
9-May-08 Mamquam L 1.77 MT 8 0.25 10U 473194 5532675 
9-May-08 Mamquam L 1.78 MT 9 0.24 10U 473253 5532613 
10-May-08 Mamquam L 1.36 MT 1 1.04 10U 487611 5527310 
10-May-08 Mamquam L 1.36 MT 2 1.10 10U 487611 5527094 
10-May-08 Mamquam L 1.36 MT 3 1.00 10U 487690 5526970 
10-May-08 Mamquam L 1.36 MT 4 1.05 10U 487690 5526970 
10-May-08 Mamquam L 1.37 MT 5 0.50 10U 487731 5527156 
10-May-08 Mamquam L 1.77 MT 6 0.26 10U 473174 5532644 
10-May-08 Mamquam L 1.77 MT 7 0.25 10U 473194 5532644 
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UTM Coordinates 
Date River System 

River margin 
and km Methoda Trap 

Depth 
(m) Zone Easting Northing 

10-May-08 Mamquam L 1.77 MT 8 0.25 10U 473194 5532675 
10-May-08 Mamquam L 1.78 MT 9 0.24 10U 473253 5532613 
13-May-08 Mamquam R 3.7 EF n/a n/a 10U 491814 5508892 
15-May-08 Mamquam R 3.7 EF n/a n/a 10U 475939 5535936 
16-May-08 Squamish R 33.0 EF n/a n/a 10U 478875 5529494 

Note. L = left river margin; R = right river margin; MT = minnow trap; EF = electrofish; n/a = not applicable. 

aElectrofish sites were open unless otherwise noted.
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APPENDIX C: SUMMARY OF ELECTROFISH SITE CHARACTERISTICS 

Sites 
River 
stage 

Grad 
(%) 

Channel 
width (m) 

Wetted 
width 
(m) 

Mean 
site 
length 
(m) 

Mean 
site 
width 
(m) 

Mean 
site 
depth 
(m) 

Mean 
velocity 
(m/s) 

Cheakamus River 
L 1.3 low 1 200 40 20 5.0 0.15 0.40 
L 1.5 M 1 200 55 50 2.0 0.40 0.25 
R 2.1 low 2 70 50 25 5.3 0.15 0.25 
R 2.15 M 1 80 45 19 5.3 0.30 0.20 
L 2.8 low 2 45 30 62 1.4 0.55 0.54 
R 2.9 M 1 30 20 40 2.2 0.45 0.19 
R 4.8 low 2 70 50 20 4.8 0.30 0.51 
Mamquam River 
R 3.7 M 1 56 46 21 3.5 0.15 0.83 
R 3.7 M 1 56 46 - - 0.35 - 
Squamish River 
R 33.0 M 1 148 99 75 12.3 0.40 0.54 

Note. L = left river margin; R = right river margin; M = moderate; Grad = gradient; dashes 
indicate data were not obtained. 
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APPENDIX D: LIST OF RELEVANT FISH SAMPLING PERMITS 

Governmental agency 
Licence or permit 

number Expiry date 

Department of Fisheries and 
Oceans Canada (DFO) 08.10.1 31-Oct-08 
BC Ministry of Environment SU08-42921 28-Feb-09 

 

 


