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Executive Summary 
 
On August 5, 2005, the Cheakamus River was affected by an accidental release of sodium 
hydroxide following a train derailment in the Cheakamus canyon approximately 15 km north of 
Squamish, British Columbia.  The derailment resulted in the release of approximately 45,000 
litres of sodium hydroxide into the Cheakamus River.  As the product was carried down the river 
it caused mortalities to fish and benthic invertebrates. After the spill, the Cheakamus Ecosystem 
Restoration Technical Committee (CERTC) comprised of regulatory agencies, local government, 
the Squamish Nation and Canadian National Railway Company (CN) was formed to provide 
advice and guidance for recovery. Concerns were expressed by Committee members and the 
public that other animal species dependent on fish and/or invertebrates may also have been 
affected by the spill. A qualitative screening level assessment of ecological effects was 
completed to understand the potential effects the spill may have had on terrestrial, semi-aquatic 
and aquatic receptors. The assessment was ecosystem-based in that it considered species 
interlinked and dependent upon a range of processes (e.g., predation). In doing so, this 
recognized that as one species in the ecosystem is altered, others may be affected.  
 
The methodology used to complete the assessment adopted some of the validated and adopted 
principles for ecological risk assessment. A preliminary list of 233 regional receptors most 
representative of the assessment area’s aquatic and terrestrial habitats was compiled and screened 
against selection criteria to obtain the final representative receptor list. A qualitative framework 
using ecological effects ranking categories such as very high, high, moderate and low was 
developed to characterize potential adverse effects for each of the seventeen selected receptors.  
 

The effects characterization for the seventeen selected receptors resulted in one very high, one 
high, seven moderate, seven low and one nil overall ecological effects. Very high and high 
overall ecological effect rankings were obtained for aquatic receptors [coastrange sculpin (Cottus 
aleuticus) and steelhead trout (Oncorhynchus mykiss), respectively] for which the aspect/value 
assessed was their capacity to serve as a food source for subsequent aquatic and/or terrestrial 
receptors. In these cases, the structure and function at the ecosystem level had the potential to be 
affected. Moderate overall ecological rankings were obtained mostly for semi-aquatic and 
aquatic insectivores and piscivores based on potential effects to their food resources [e.g., 
American dipper (Cinclus mexicanus)], or on their capacity to serve as a food source for 
subsequent aquatic and/or terrestrial receptors [chinook salmon (Oncorhynchus tshawytscha)]. In 
these cases, it was recognized effects could occur at the structure level but likely not at the 
ecosystem function level.  Low rankings were generally obtained for receptors either 
contributing to a small percentage of the food resource of their predator(s) or for receptors 
having a varied and opportunistic diet [e.g., black bear (Ursus americanus), bald eagle 
(Haliaeetus leucocephalus)].  Nil rankings were obtained in cases where it was estimated the 
derailment did not have any plausible effects to a given receptor (e.g., Canada goose). 
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Glossary 
 
Community - An assemblage of populations of different species living together within a 
specified location in space and time. 
 
Ecosystem - The biotic community, abiotic environment, and their interactions within a 
specified location in space and time. 
 
LC50 – The concentration that causes mortality in 50% of the organisms tested. 
 
Exposure - The contact or co-occurrence of a stressor with a receptor. 
 
Fate - The disposition of a chemical in various media or locations as a result of transport, 
partitioning, uptake and degradation. 
 
Function – Process performed by ecosystems that are services to other ecological entities (such 
as energy cycling in food web).  
 
Lines of evidence - Information derived from different sources or by different techniques that 
can be used to describe and interpret risk estimates.  
 
Physicochemical - Relating to both physical and chemical properties.  
 
Population - An aggregate of individuals belonging to the same species within a specified 
location in space and time. 
 

Population structure – Physical structure of a population such as its size. 
 

Receptor - The ecological entity exposed to the stressor. 

 
Stressor - Any physical, chemical, or biological entity that can induce an adverse response. 
 
Uncertainty - Imperfect knowledge concerning the present or future status of the system under 
consideration; a component of risk resulting from imperfect knowledge of the degree of hazard 
or of its spatial and temporal pattern of expression. 
 
Definitions adapted/taken from: 

• U.S. Environmental Protection Agency. 1998. Guidelines for Ecological Risk 
Assessment. Risk Assessment Forum, Washington, DC, EPA/630/R095/002F, 1998. 

• U.S. Environmental Protection Agency. 2003. Generic Ecological Assessment Endpoints 
for Ecological Risk Assessment, Washington, DC, EPA/630/P-02/004F. 

• Suter, W.G. 1993. Ecological Risk Assessment. Lewis publishers 
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1.0 Introduction 

This document presents the results of a qualitative screening level assessment of ecological 
effects completed to understand the potential effects an accidental release of sodium hydroxide 
(NaOH) may have had on terrestrial, semi-aquatic and aquatic receptors following a train 
derailment in the Cheakamus canyon approximately 15 km north of Squamish, BC (Figure 1-1). 
 
The derailment occurred on August 5, 2005 at Mile 56.6 Squamish Subdivision of the Canadian 
National Railway Company (CN) mainline, and resulted in the release of approximately 45,000 
litres of NaOH into the Cheakamus River (Teal Solutions, 2005). As the product was carried 
down the river it caused mortalities to fish and benthic invertebrates in the river at the time of the 
spill (McCubbing et al. 2006; Triton, 2007). The spill resulted in the temporary closure of the 
Cheakamus River for recreational purposes (e.g., rafting, canoeing, kayaking, swimming etc.) 
and a temporary closure of drinking water wells.  The product was carried through the system 
but did not persist in the environment. The Cheakamus River was cleared for recreational 
purposes within 24 hours and the drinking water closure was lifted within 48 hours of the spill. 
 
The Cheakamus River is a major tributary of the Squamish watershed, draining a 1070 km2 area 
of the Coastal Mountain range in south-western BC (Northwest Hydraulic Consultants, 2000). 
The flow regime of the lower Cheakamus River is regulated by the Daisy Lake dam and 
reservoir, which diverts a portion of the annual discharge to the Cheakamus powerhouse in the 
Squamish valley.  Diversion volumes and power production vary with both climate and 
regulation (Marmorek and Parnell, 2002). The traditional territory of the Squamish Nation 
encompasses the entire Cheakamus River watershed, and the Squamish Nation members have 
traditionally relied on the river and the watershed for cultural practices and food, as well as 
transportation (Marmorek and Parnell, 2002).   
 
Downstream of Daisy Lake dam, the Cheakamus River flows 26 km before entering the 
Squamish River at Baynes Island near the community of Brackendale. The Cheakamus River 
supports a variety of anadromous and resident fish species. Anadromous fish access is limited by 
a series of impassable falls (between Reach 9 and 10) located approximately 17 km upstream 
from the confluence with the Squamish River (Figure 1-2). As a result of the location of the spill, 
approximately 2 km upstream of the anadromous barrier, all anadromous species in the river at 
the time of the spill were affected to some degree, whereas resident species upstream of the spill 
were not affected. Resident fish in the river upstream of the impassable barrier and downstream 
of the spill were affected to an unknown degree; however, the effects were likely severe unless 
the populations were restricted to tributaries or side channels. Impacts and natural recovery are 
currently being evaluated in the non-anadromous reach. Effects on fish populations downstream 
of the barrier have been documented in McCubbing et al. (2006), while effects on benthic 
macroinvertebrates have been described in Triton (2007).  
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After the spill, a technical working committee, the Cheakamus Ecosystem Restoration Technical 
Committee (CERTC), comprised of regulatory agencies, local governments, Squamish Nation 
and CN, with jurisdiction or directly affected by the NaOH spill, was formed. One of the CERTC 
mandates was to develop and implement a recovery plan for the Cheakamus River ecosystem. 
The goal of the recovery plan was to outline the restoration and monitoring strategies for species 
affected by the NaOH spill.  At the time, concerns were expressed by members of the Committee 
and the public that in addition to the observed direct effect on fish and invertebrates, other 
animal species depending on fish and/or invertebrates to some degree may also have been 
affected by the spill. In this context, the screening level assessment of ecological effects was 
completed to understand the potential direct and/or indirect effect the spill could have had on 
receptors other than fish and benthic invertebrates in order to identify and target the need for 
recovery strategies at an ecosystem level. Since the impacts to fish and aquatic invertebrates 
have been assessed elsewhere they are discussed in this report only in terms of their capacity to 
serve as food resources. 
 
The screening level assessment presented in this report is ecosystem-based in that it has 
considered species interlinked and dependent upon a range of processes (e.g., predation). In 
doing so, it recognizes that as one species in the ecosystem is altered, others may be affected.  
 
Given the broad scope of the assessment and the limited amount of available data (e.g., exposure 
data such as concentration of NaOH in environmental media, NaOH ecotoxicity toward specific 
species) a screening level qualitative assessment of ecological effects was selected as the 
appropriate approach. The assessment focused on the functions of populations and communities 
within the ecosystem. The methodology used to complete the assessment adopted some of the 
components of ecological risk assessment (EcoRA) recommended by the Canadian Council of 
Ministers for the Environment (CCME, 1996), British Columbia Ministry of Environment Lands 
and Parks (MELP, 1998) and the U.S. Environmental Protection Agency (U.S. EPA, 1998). The 
three components of the risk assessment framework adopted included: problem formulation, 
analysis (exposure and effect characterization) and risk characterization. The three components 
of the risk assessment framework adopted included: problem formulation, analysis (exposure and 
effect characterization) and risk characterization. The concept of “risk” was adopted to 
characterize the ecological effect in using the general concept that the resulting effects depend on 
the multiplication of two factors: likelihood of adverse effect and consequence of adverse effect. 
Likelihood in this case was defined as the chance the derailment caused the effects characterized 
in the analysis phase. Consequence included considerations of the intensity, spatial and temporal 
scales, and reversibility of the effects. Qualitative methods using subjective ecological effects 
ranking categories, such as high, medium and low, were used to describe the likelihood of 
adverse effects rather than providing a numerical estimate of effects (based on the limited 
available information). This approach was selected based on the broad scope of the project, the 
limited amount of available data and professional judgment and experience. Further information 
on the methodology used is provided in the next section.   
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2.0 Methodology 

As noted above, some of the components of EcoRA recommended by the Canadian Council of 
Ministers for the Environment (CCME, 1996), British Columbia Ministry of Environment Lands 
and Parks (MELP, 1998) and the U.S. Environmental Protection Agency (U.S. EPA, 1998) were 
adopted in order to complete this assessment. EcoRA as defined by these agencies is a process 
evaluating the likelihood that adverse ecological effects may occur as a result of exposure to one 
or more stressors (e.g., NaOH, pH). Depending on available information, the assessment can be 
described in various ways ranging from qualitative judgments to quantitative probabilities.  
 
The assessment presented in this report, consisted of a “desk exercise” using existing information 
from baseline and monitoring reports and from the scientific literature. Based on the information 
available, a qualitative method using ecological effect ranking categories, such as high, medium 
and low, was selected to characterize potential adverse effects. Qualitative risk assessments, 
using similar risk ranking categories are being used, for example, in source to tap drinking water 
assessments (Ministry of Health Services & Ministry of Water, Land and Air Protection [MHS & 
MWLAP], 2005). The disadvantage of this qualitative approach is that it can be influenced by 
the perceptions of the assessors. To minimize subjective influence, the interpretation of 
ecological effects contains a clear explanation of the lines of evidence leading to the conclusions, 
including a description of the uncertainties and assumptions used. Additionally, matrices were 
used to provide a structured framework for the characterization of ecological effects (Section 
6.0). The terms of reference (ToR) for the screening level assessment presented in this report 
were circulated for review by CERTC members and representatives on February 24, 2006. No 
comments were received from any CERTC members or representatives.  
 
The screening level assessment of ecological effects consisted of three main steps: problem 
formulation, analysis and characterization of the likelihood of adverse ecological effects.  
Problem formulation included assessing the known effects of NaOH on the environment and 
identifying the receptors (aquatic and terrestrial) that may have been affected. In the analysis 
phase this information was integrated into the development of a written and visual description 
outlining how the derailment at mile 56.6 and NaOH spill could have affected the identified 
receptors in order to select relevant receptors for which the effects were further characterized.  
The effects were then characterized and ranking of effects identified and prioritized the receptors 
for which recovery plans may be developed and implemented. This process is outlined in Figure 
2-1. 
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Figure 2-1. Overview of the three main steps completed in conducting the assessment 

 

2.1 Problem Formulation  

In the problem formulation, the three components of ecological “risk” assessment: stressor (e.g., 
NaOH, pH), receptors (e.g., invertebrates, fish, birds) and exposure pathways (e.g., surface 
water, food), were screened to define those combinations having the potential and/or plausibility 
of causing adverse effects.  The study area and its ecological setting were also defined. Library 
databases including, but not necessarily limited to UBC Library Catalogues, Science Citation 
Index, Ecotox and Environment Canada publications database, were consulted to obtain 
information on NaOH (e.g., physicochemical properties, toxicity and environmental fate). A 
preliminary list of regional receptors most representative of the assessment area’s aquatic and 
terrestrial habitats was developed based on biogeoclimatic zones and general habitat type 
information (Meidinger and Pojar, 1991). Information from available reports (consultants, 
government agencies, First Nations, non-government organizations) and life cycle information 
(e.g., migration pattern, habitat and seasonal range, diet composition) of receptors was used to 
refine this list. The refined list was then screened against criteria to select the key receptors 

Problem Formulation 

• Compilation of NaOH information 

• Compilation of a preliminary list of ecological receptors 

• Development of visual conceptual models 

• Compilation of a final receptors list 

Analysis 

• Characterization of exposure 

• Characterization of ecological effects 

Risk Characterization 

• For each considered aspect/value of the receptor: 

o Evaluation of the magnitude of effects 

o Evaluation of the likelihood of effects 

o Qualitative description of effects 

o Description of the uncertainties associated with the ecological effects 
characterization 
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which were further considered in the effects characterization.  Selection criteria applied to the 
preliminary receptors are provided in Section 4.6 and Table 4-9. These selection criteria are 
based on established criteria by the U.S. EPA (1998) and MELP (1998). Selection criteria were 
included in TOR circulated for review by CERTC members and representatives on February 24, 
2006. Figure 2-2 illustrates the receptors selection approach. 
 
Once the receptors were selected, the aspects/values of the receptors on which the effect would 
be characterized were identified. These were expressed in terms of a function or quality, which 
was to be maintained. For example, if the receptor is “benthic community”, the aspect/value was 
“maintenance of the benthic invertebrate community (in terms of structure, biomass and 
abundance) within the range of natural variability”.   
 
The information on the receptor and NaOH was then integrated into the development of a visual 
description outlining how the spill may have affected the selected receptors. 
 
Figure 2-2. Receptor selection approach 

 

Identify biogeoclimatic zone 

Identify forest (sub) district 

Identify red and blue 
listed species 

Identify species present 
by habitat type 

Compile a preliminary list identifying 
receptors/species/communities which are 

most representative of the study area 

Life cycle information (e.g., 
habitat, diet, migration) 

Information from past 
studies/reports 

Compile a list identifying site-specific 
receptors (species/communities) 

Application of selection criteria 

Final list of site-specific receptors to be assessed 

 and 

  and 
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2.2 Analysis Phase 

Receptor exposure and ecological effects were characterized by examining: 

• Geographic and temporal distribution of spilled NaOH;   

• Receptor behaviour (e.g., life cycle, dietary need, spatial distribution, habitat use);  

• Potential contact between NaOH and receptors (intensity as well as spatial and temporal 
extent of contact); and, 

• Potential effects (direct and indirect). 
  
Consideration of indirect effects (e.g., secondary stressor, cascading effects) was also included in 
the analysis. Primary, or direct, effects occur when a stressor acts directly on a receptor and 
causes an adverse response. Secondary, or indirect, effects occur when the entity’s response 
becomes a stressor to another entity. For example, while one direct effect of NaOH exposure was 
fish mortality, the consequence of fish mortality could be reduced food availability. In this case, 
reduced food availability becomes the secondary stressor potentially affecting dependent species 
distribution and reproduction patterns. This example is illustrated in Figure 2-3. 
 
Figure 2-3. Example of consideration of direct and indirect effects - primary and secondary 
stressors 

 

2.3 Ecological Effects Characterization  

The exposure and effect information obtained during the analysis phase of the assessment was 
used to identify the aspects/values for each receptor which would be considered in characterizing 
the overall ecological effect (e.g., availability of food resources, ability to serve as a food 
resource). The concept of “risk” was adopted to characterize the ecological effect in using the 

Direct effect: 
fish mortality 

Primary stressor: NaOH 

Secondary stressor: 
decreased food supply 

 
Indirect  
effect: 

decreased food  
supply 

 
Indirect  

effect: change in 
reproduction  

 pattern 

Cascade of Effects 
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general concept that the resulting effects depend on the multiplication of two factors: likelihood 
of adverse effect and consequence of adverse effect. Likelihood in this case was defined as the 
chance the derailment caused the effects characterized in the analysis phase. Consequence 
included consideration of the intensity, spatial and temporal scales, and reversibility of the 
effects. Qualitative matrices were developed and used to characterize the effects. These matrices 
are provided in Section 6.0. 
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3.0 Assessment Area 

The Cheakamus River originates in the Fitzsimmons Range of the Coast Mountains (Northwest 
Hydraulic Consultants, 2000) and extends 26 km south of Daisy Lake to its confluence with the 
Squamish River (Figure 3-1).  The total Cheakamus watershed area covers 1070 km2 (Northwest 
Hydraulic Consultants, 2000). 
 
The Cheakamus River is a major tributary of the Squamish River, with tributaries of its own 
including Rubble Creek, Conroy Creek, Culliton Creek, Swift Creek, Cheekye River and Chance 
Creek.  In 1957, Daisy Lake dam was constructed, which consists of a 680 m long, 28 m high 
dam that impounds Daisy Lake Reservoir (McCubbing et al., 2006).  The river discharge is 
controlled by BC Hydro through their operation of the Daisy Lake Reservoir and the Cheakamus 
generating plant; a 155 MW storage and diversion project (McCubbing et al., 2006).  The Daisy 
Lake dam and reservoir divert a portion of the annual discharge to the Cheakamus powerhouse in 
the Squamish valley (Marmorek and Parnell, 2002). 
 
McCubbing et al. (2006) report a summary of discharge measurements recorded at the Water 
Survey of Canada Gauge Cheakamus at Brackendale (WSC 08GA043) from 1957 to 2004.  The 
average monthly discharge is 33 m3/s, ranging from 17.0 m3/s (March) to 78.3 m3/s (July); a 
peak mean monthly discharge of 161 m3/s occurred in 1967, while a minimum mean monthly 
discharge of 7.30 m3/s was recorded in 1979 (McCubbing et al., 2006).   
 
The geographic scope of the assessment area extends from south of Daisy Lake dam to the 
Squamish Estuary and Howe Sound. 
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3.1 Biogeoclimatic Zones 

In 1975 the Ministry of Forests and Range (MOF) adopted a system of biogeoclimatic 
classification developed by Dr. V.J. Krajina at the University of British Columbia in the 1960’s 
(Ministry of Forests, 2006a).  BC was divided into fourteen broad, climatically homogenous 
management areas characterized by the occurrence of dominant climax tree species.  These areas 
are referred to as ‘Biogeoclimatic Zones’ with specific regional climate, soils, vegetation and 
topography (e.g., Coastal Western Hemlock zone, Coastal Douglas Fir zone and Mountain 
Hemlock zone).  The fourteen biogeoclimatic zones are further divided into ‘Biogeoclimatic 
Subzones’ which are characterized by climatic variation reflected in subtle vegetation changes.  
A Biogeoclimatic Subzone is further divided into a ‘Variant’, which is generally recognized for 
areas slightly drier, wetter, snowier, warmer or colder than other areas within a given subzone. 
For example, the Very Wet Coastal Western Hemlock subzone is divided into two variants – the 
Montane (snowier, cooler, higher elevation) and Submontane (lower elevation, warmer, less 
snow) (Green and Klinka, 1994).  All biogeoclimatic zones are given a two to four letter code 
corresponding to their name; the subzone code is derived from relative precipitation of the site; 
and the variants are named with geographic labels reflecting their general distribution within a 
subzone (Figure 3-2) (Green and Klinka, 1994). 
 
As mentioned in the Methodology Section, information on biogeoclimatic zones and general 
habitat type were used to develop a preliminary list of regional receptors most representative of 
the assessment area.  
 
Figure 3-2.  Biogeoclimatic zone classification 

 
CWH  - Coastal Western Hemlock 

Ds - Southern Dry Submaritime: less precipitation, more pronounced water deficits, cooler temperatures and more 

snowfall than adjacent zones 

1 - Found at lower elevations 

3.1.1 Cheakamus River Biogeoclimatic Zones 

The Cheakamus River falls within the Coastal Western Hemlock (CWH) Biogeoclimatic Zone.  
The CWH Zone occurs at low to middle elevations, mostly west of the coastal mountains, along 
the entire British Columbian coast (Pojar et al., 1991).  Elevations range from sea level to 900 m.  
Western hemlock (Tsuga heterophylla) and amabilis fir (Abies amabilis) are the dominant climax 
trees with several other common species (refer Table 3-1).  Abundant rainfall and mild 
temperatures make these forests the most productive in Canada (Ministry of Forests, 2003). 
 

Zone Subzone Variant 

CWH Ds 1 
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The Cheakamus River from its headwaters to its confluence with the Squamish River crosses 
four biogeoclimatic subzones, which are related to the elevational profile of the region (Figure 3-
3). These include: 

• Engelmann Spruce – Subalpine Fir Zone Moist Warm Subzone (ESSFmw); 

• Coastal Western Hemlock Southern Moist Submaritime Variant (CWHms1);  

• Coastal Western Hemlock Southern Dry Submaritime Variant (CWHds1); and, 

• Coastal Western Hemlock Dry Maritime Subzone (CWHdm). 
 
For the purpose of the effect assessment only the two variants occurring south of the Daisy Lake 
dam and within elevation ranges of the river were considered. These include CWHds1 and 
CWHdm. A general description as given by Green and Klinka (1994) for these two zones is 
provided in Table 3-1. 
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Table 3-1. Description of CWHds1 and CWHdm 
‘Southern Dry Submaritime Coastal Western Hemlock Variant’ (CWHds1)  
Distribution:   Lower elevations in drainages of the upper Fraser River east and north of Chilliwack, 

and in the eastern portion of the Coast Mountains from upper Harrison Lake to the 
Homathko River. Elevation ranges from the valley bottom to approximately 650 m. 

Climate: Climate is transitional between the coast and interior, characterized by warm, dry 
summers and moist, cool winters with moderate snowfall. Compared with adjacent 
subzones, CWHds1 has less precipitation, more pronounced water deficits, cooler 
temperatures, and more snowfall.  Mean annual precipitation ranges between 990 to 
2054 mm and the mean annual temperature ranges 6.4 to 9.7oC. 

Vegetation:   Forests are dominated by Douglas fir (Pseudotsuga menziesii), western hemlock and to 
a lesser extent western red cedar (Thuja plicata). Understorey is characterized by a 
relatively poorly developed shrub and herb layers with some falsebox (Paxistima 
myrsinites) and small amounts of prince’s pine (Chimaphila umbellate), dull Oregon-
grape (Mahonia nervosa) and queen’s cup (Clintonia uniflora) with a well-developed 
moss layer dominated by step moss (Hylocomium splendens), Rhytidiopsis robusta, red-
stemmed feathermoss (Pleurozium schreberi), Rhytidiadelphus triquetrus and lanky 
moss (R. loreus).  

‘Dry Maritime Coastal Western Hemlock Subzone’ (CWHdm) 
Distribution: Low elevations on the mainland and immediately adjacent islands, extending from 

Hardwicke Island in the north to Chilliwack River in the southeast.  Elevation ranges 
from sea level to approximately 650 m (lower in wetter valleys).  

Climate: Warm, relatively dry summers and moist, mild winters with little snowfall.  Mean 
annual precipitation ranges between 1367 to 2412 mm and the mean annual temperature 
ranges 8.7 to 10.3oC. 

Vegetation: Forests are dominated by Douglas fir, western red cedar, and western hemlock.  Major 
understorey species include salal (Gaultheria shallon), red huckleberry (Vaccinium 
parvifolium) and a moss layer of step moss (Kindbergia oregano), Rhytidiadelphus 
loreus and flat moss (Plagiothecium undulatum). Less common species include dull 
Oregon-grape, vine maple (Acer circinatum), bracken fern (Pteridium aquilinum) and 
sword fern (Polystichum munitum). 

Source: Green and Klinka, 1994 

3.1.2 Forest District 

The Cheakamus River watershed lies within the Squamish Forest District (DSQ).  The DSQ 
covers 1,098,000 ha or 1.1% of the total area of BC (Ministry of Forests, 2006b), with 40% of 
the district forested with temperate rainforest and transitional interior forest (Ministry of Forests, 
2006b).  Key activities in the DSQ include tourism, logging, recreation, ranching, farming and a 
deep-sea port. 
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4.0 Problem Formulation Results  

4.1 NaOH Information 

4.1.1 Physicochemical Properties 

NaOH (CAS number 1310-73-2 and UN1824), also known as lye or caustic soda, is a caustic 
metallic base (Environment Canada, 1984). NaOH is produced mainly in three forms: 50% and 
73% aqueous solutions and anhydrous NaOH in the form of solid cakes, flakes or beads 
[Canadian Centre for Occupational Health and Safety (CCOHS), 1999]. NaOH 73% aqueous 
solution is the form which was spilled following the derailment at Mile 56.6. This solution is 
odourless, white and of clear to turbid appearance. Table 4-1 summarizes the physicochemical 
properties of NaOH 73% aqueous solution. 

 
Table 4-1. Physicochemical properties of NaOH 73% solution  
Physical State Liquid (15ºC 1atm) 
pH 14, strongly alkaline 
Boiling point 188ºC to 193ºC 
Freezing point  62 - 63ºC 
Density 1.730 g/cm3 at 70ºC 
Solubility Soluble in water in all proportions (520 g/l at 20ºC solid form) 
Viscosity  27 mPa.s 
Vapour pressure 10-5 hPa at 25ºC 
Vapour density Not applicable 
Evaporation rate Essentially zero 
Partition coefficient n-octanol 
water 

Essentially zero (not applicable for an inorganic compound which 
dissociates) 

Sources: Environment Canada, 1984; Nexen, 2005 

4.1.2 Environmental Fate 

Air 

NaOH has a very low vapour pressure (10-5 hPa at 25ºC, Table 5-1) and therefore is not subject 
to volatilization.  NaOH is not expected to be transported into the air from the aquatic and 
terrestrial media [United Nation Environment Programme (UNEP), 2002]. When released 
directly into the air, it absorbs both moisture and carbon dioxide, is changed into sodium 
carbonate and is subsequently washed out by rain (U.S. EPA, 1992).  

Soil 

NaOH is described as “very mobile in soil” (UNEP, 2002). UNEP (2002) indicates in soil, 
NaOH mobility depends directly on the importance of the liquid phase of the soil and the 
possibility to form metal hydroxo-complexes with metal solid species. The 73% aqueous 
solution of NaOH at ambient temperatures is described as a highly viscous, gelatinous material 
which is not expected to infiltrate soil to any significant extent in the absence of additional 
dilution (e.g., precipitation) (UNEP, 2002). Note the term “significant” has not been defined by 
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UNEP (2002). As the dilution of NaOH increases, its speed of movement through soil increases.  
The hydroxide remaining in the aqueous phase will move downward through soil in the direction 
of groundwater flow (UNEP, 2002). 

Water 

NaOH is described as “very soluble in water” and miscible at all proportions (UNEP, 2002). 
Upon reaching water, NaOH dissociates immediately and completely into sodium and hydroxyl 
ion according to the following equation:  NaOH ↔ Na+ + OH- (U.S. EPA, 1992; UNEP, 2002). 
The hydroxyl ion then reacts with free H+ or any acidic species that may be present, forming 
water: OH- + H+

↔  H2O (UNEP, 2002). Depending on the buffering capacity of the receiving 
water, the resulting decrease in free hydrogen ion concentration can cause an increase in water 
pH (UNEP, 2002). 
 
The dissociation of NaOH in water is a strongly exothermic reaction (generates heat), for 
example, temperatures in excess of 60ºC have been recorded when solid NaOH is mixed with 
ambient river water (EC, 1984).  UNEP (2002) indicates increased pH causes decreased 
solubility because a higher OH- concentration reduces the amount of solid hydroxide that can 
dissociate into free metal ions and OH - ions. 

Bioaccumulation 

UNEP (2002) indicates since sodium hydroxide is present in the environment as sodium and 
hydroxyl ions it will not adsorb on particulate matter or surfaces, will not accumulate in living 
tissues and thus does not accumulate in the food chain. The U.S. EPA also indicates NaOH is not 
persistent in the environment and is not expected to bioaccumulate in organisms (U.S. EPA, 
1988). 

4.1.3 Environmental Effects and Ecotoxicity 

As mentioned above, NaOH is highly soluble in water and dissociates to sodium and hydroxyl 
ions. This has the effect of increasing the water pH and alkalinity, particularly in waters having 
low buffering capacity (UNEP, 2002) such as the Cheakamus River (alkalinity 11.0 to 12.1 
mg/L; refer to Section 4.2.4). For example, the pH values of unbuffered water containing NaOH 
from 0.1 ppm to 10,000 ppm have been observed to range from 8.4 to 13.4, respectively (U.S. 
EPA, 1992). In the case of the Cheakamus River, it was estimated NaOH level reached 2000 
ppm and pH reached values around  13 (Section 4.2.5) and was high enough to cause mortalities 
to fish and benthic invertebrates in the river (McCubbing et al. 2006; Triton, 2007). The direct 
adverse effect to aquatic life is mainly caused by increased pH (pH effect) and is dependant upon 
the buffering capacity of the water body.  In a highly buffered water body the hydroxyl ion will 
be neutralized and adverse effects will be low, while in a poorly buffered water body the pH will 
increase rapidly and adverse effects will be relatively high (UNEP, 2002).  
 
Environment Canada indicated the adverse effects resulting from fish exposure to NaOH are 
mostly a consequence of increased pH and at pH above 9.0 are due to burns to the outer skin of 
the gills accompanied with strong slime formation. The fish die by suffocation (EC, 1984).  
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There is little reliable ecotoxicity data for NaOH published in the scientific literature. Most of the 
published studies have been completed between 1945 and 1978 and were not conducted 
according to current testing standards (UNEP, 2002). Additionally, the available studies 
reviewed did not include information on the buffering capacity of the test medium which would 
have directly affected the toxicity results.  The only study considered valid by the UNEP when 
reviewing the ecotoxicity of NaOH was a study by Warne et al., in 1999, which obtained a LC50 
(48 hour) of 40 mg/L in a test with water flea (Ceriodaphnia dubia) (UNEP, 2002). The U.S. 
EPA indicated NaOH was only slightly toxic to fish in acute exposures and there was no 
indication of chronic effects (U.S. EPA, 1988), however, no data supporting this statement were 
evident from the U.S. EPA report. In its review of NaOH toxicity UNEP indicated although the 
available ecotoxicity test results were from studies considered to be invalid, the results of these 
tests were more or less consistent and provided sufficient indication of the acute ecotoxicity of 
NaOH. Results of ecotoxicity tests reported by UNEP (2002) and ECOTOX (2006) are 
summarized in Table 4-2. 
 
No relevant information on ecotoxicity data for terrestrial organisms was found in the scientific 
literature reviewed. UNEP indicated significant exposure of the terrestrial environment was not 
expected thus toxicity tests were typically not performed with terrestrial organisms (UNEP, 
2002).  

It is common practice in assessments of ecological effect or EcoRA to use ecotoxicological data 
to derive a Predicted Non Effect Concentration (PNEC). The PNEC is then compared to the 
Expected Environmental Concentration (EEC) to calculate a Risk Quotient, which is then used to 
evaluate the potential risk.  In the case of NaOH a PNEC was not evident from the reviewed 
scientific literature. UNEP indicated because the main adverse effect of NaOH exposure is due to 
the hydroxyl ion and increased pH of the receiving environment, and because the buffering 
capacity, pH and fluctuation of pH are site-specific, it is not useful/possible to derive a generic 
PNEC. Rather, the adverse ecological effect should be evaluated based on a receiving water pH 
change (UNEP, 2002).     
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Table 4-2. Results of ecotoxicity tests for NaOH 

Species  Endpoint  
Result 
(mg/L)  

References  

Common 
Name 

Scientific 
Name 

   

Freshwater 

Water flea  Daphnia magna Toxicity 

threshold 

40 - 240 McKee et al., 1963 In: UNEP, 2002 

Water flea 

 

Ceriodaphnia  

dubia 

LC50 (48 h)  

 

40 Warne et al., 1999 In: UNEP, 2002 

Mayfly order 

 

Ephemeroptera 

 

Mortality  

(48 h) 

100 Van Horne et al., 1949, In: Ecotox, 

2006 

Midge Chironomus sp. Mortality  

(48 h) 

700 Van Horne et al., 1949, In: Ecotox, 

2006 

Snail Biomphalaria a. 

alexandrina 

Lethal 

concentration 

450 Gohar et al., 1961 In: UNEP, 2002 

Snail Bulinus truncatus Lethal 

concentration 

150 

 

Gohar et al., 1961 In: UNEP, 2002 

Snail Lymnaea caillaudi Lethal 

concentration 

150 

 

Gohar et al., 1961 In: UNEP, 2002 

Goldfish Carassius auratus LC50 (24 h) 160 Jensen, 1978 In: UNEP, 2002 

Carp Leuciscus idus 

melanotus   

LC50 (48 h) 189 Juhnke et al., 1978 In: UNEP, 2002 

Mosquitofish Gambusia affinis LC50 (96 h) 125 Wallen, 1957 In: UNEP, 2002 

Guppy Poecilia reticulata LC50 (24 h) 145 Yarzhombek et al., 1991 In: UNEP, 

2002 

Pike perch fry  Lucioperca 

lucioperca L. 

Toxic 

concentration 

>35 Stangenberg, 1975 In: UNEP, 2002 

Shiner Notropis sp. Mortality   

(5 days) 

100 Van Horne et al., 1949, In: Ecotox, 

2006 

Largemouth bass Micropterus 

salmoides 

Mortality   

(7 days) 

50 Sanborn, 1945 In: Ecotox, 2006 

Coho salmon Onchorynchus 

kisutch 

Mortality 

(min. conc.;. 5 

days) 

 20 WQC, 1971 In: EC, 1984 

Saltwater 

Common shrimp  Crangon crangon LC50 (48h) 

 

33-100 Portman et al., 1971 In: ECOTOX, 

2006 

Cockle Cerastoderma 

edule 

LC50 (48 h) 33-100 Portman et al., 1971 In: ECOTOX, 

2006 

Marine 

polychaete 

Ophryotrocha 

diadema 

LC50 (48 h) 33-100 

 

Parker, 1984 In: UNEP, 2002 

Hooknose 

(pogge fish) 

Agonus 

cataphractus 

LC50 (48 h) 33-100 Portman et al., 1971 In: ECOTOX, 

2006 

Sources: UNEP (2002) and ECOTOX (2006) 
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The provincial and Canadian water quality guidelines specify for the protection of freshwater 
aquatic life the pH of water should not vary beyond the range of pH 6.5 to 9.0 (CCME, 1998b; 
MWLAP, 1998). The effects on fish of pH values above 9 are summarized in Table 4-3 while 
Table 4-4 shows acceptable ranges of pH for different water uses. 
 
Table 4-3. Effects of pH values above 9 on fish (CCME, 1998b) 
pH Range Effect 
9.0-9.5 Likely to be harmful to salmonids and perch if present for a considerable length of time. 
9.5-10.0 Lethal to salmonids over a prolonged period of time, but can be withstood for short 

periods. May be harmful to developmental stages of some species. 
10.0-10.5 Can be withstood by roach and salmonids for short periods but lethal over a prolonged 

period. 
10.5-11.0 Rapidly lethal to salmonids. Prolonged exposure to the upper limit of this range is lethal 

to carp, tench, goldfish and pike. 
11.0-11.5 Rapidly lethal to all species of fish. 
Note: CCME (1998b) does not provide definitions for the different time periods shown in the above table. 

 
Table 4-4. Acceptable ranges for pH  
Water Uses pH Range References 
Fresh Water Aquatic 
Life  

6.5 to 9.0 
 

MWLAP, 1998; CCME, 1998b 

Marine Aquatic Life 7.0 to 8.7 CCME, 2005b 
Wildlife Water 
Supply 

None proposed (protection inferred from the 
aquatic life criteria is judged adequate) 

MWLAP, 1998 

Livestock Water 
Supply 

pH 5.0 to 9.5 MWLAP, 1998 

 
There is little information on the effect of high pH (above 9) on organisms other than fish. 
Aquatic plants have been observed to have a wide pH tolerance and some authors have indicated 
they should not be impacted by shifts of 2-3 pH units (McKean and Nagpal, 1991). 
 
The pH of marine waters including estuaries and embayments is generally stable due to the 
buffering capacity provided by the dissolved salts (such as sodium, potassium, magnesium and 
calcium) (CCME, 2005b).  
 
In addition to pH change, the dissociation of NaOH releases sodium cations in the aquatic 
environment. Sodium (Na+) is ubiquitous in the aquatic environment and has been observed in 
Canadian surface waters in concentrations ranging from 1 mg/L to more than 300 mg/L (Health 
Canada, 1992).  Sodium remains in the environment with equilibrium between various forms of 
complexes and precipitates. Sodium is an essential element for aquatic biota as it is involved in 
maintaining proper osmotic pressure, however high salt levels could cause osmotic stress to 
freshwater organisms.  
 
There is currently no Canadian water quality guideline for sodium for the protection of aquatic 
life; similarly, the U.S. EPA has not published an Ambient Water Quality Criterion for sodium. 



Screening Level Assessment of Ecological Effects  June 2007 

FINAL REPORT  Page 21 
Prepared by Triton Environmental Consultants Ltd. 

Studies on the effect of road salt application (about 40% Na+ and 60% Cl-) on freshwater aquatic 
organisms have been completed, however, the adverse effect was assessed based on chloride 
levels not sodium levels. For information the BC ambient water quality guideline for chloride for 
the protection of freshwater aquatic life is 600 mg/L. 
 
At concentrations reported in publications and reports the toxic effects of NaOH has been 
assumed to be due to the hydroxyl ion (pH effect) rather than to the sodium (UNEP, 2002). 
Similarly, in the context of this assessment, it has been assumed adverse potential direct 
ecological effects were due to pH change rather than fluctuation in sodium concentration. 
 
The potential for high pH to cause increased metals bioavailability and contribute to mortalities 
was considered, however, the pH effect was considered the most plausible process causing direct 
mortalities to aquatic organisms. 
 
In surface water and sediment, pH is considered to be one of the most important factors 
governing metal speciation, solubility, adsorption-desorption processes, transport and 
bioavailability (Elder, 1988; John and Leventhal, 1995). Under pH conditions in natural surface 
waters (6.0 – 8.0), most metal hydroxide minerals have low solubility (John and Leventhal, 
1995). Generally, the solubility of metal hydroxide minerals increases with decreasing pH, and 
more dissolved metals become potentially available for incorporation in biological processes as a 
result of the increased bioavailability. It should also be noted ionic metal species encountered at 
lower pH are considered the most toxic forms to aquatic organisms (John and Leventhal, 1995; 
Salomons, 1995). At higher pH, metals tend to adsorb on the various solid phases present in the 
water column (e.g., suspended particles, organic solids) and/or precipitate out of solution (John 
and Leventhal 1995; Salomons, 1995). In addition, water quality monitoring showed pH values 
had returned to background levels in the Cheakamus River within five to seven hours post-
derailment. It is therefore unlikely to have resulted in sustained changes to prevailing 
geochemistry. 
 
No anthropogenic sources of metals have been identified and none were expected in the areas of 
the Cheakamus River assessed as part of the ecosystem screening work. In addition, substrate of 
the lower Cheakamus River consists mainly of cobbles and is not considered a plausible or 
sufficient source of metals. The underlying geology of the lower Cheakamus River consists of 
volcanic and metamorphic rock primarily of the quartz diorite formation subject to less 
weathering than sedimentary rock. 

4.2 Cheakamus and Squamish Rivers Water Quality Inf ormation  

In order to obtain information on water quality in the Cheakamus and Squamish rivers in the 
context of drinking water and recreational activities, surface water samples were collected by 
Triton on August 6, 7, 17 and 19, 2005. While, the collection of water samples was not 
completed in the context of the assessment of ecological effects, results are summarized in this 
section as they are relevant to the assessment of potential exposure and effects. 
 
On August 6 and 7, surface water samples were collected from a total of ten locations in the 
Cheakamus River, and the Squamish River Estuary including Mamquam Blind Channel.  On 
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August 17, surface water samples were collected from a total of nine locations in the Cheakamus 
River and the Squamish River Estuary and on August 19 surface water samples were collected 
from one sample location upstream of the spill site (Figure 4-1). 
 
Water samples were analyzed by ALS Environmental for the following parameters (Tables 4-5 
and 4-6): 

• pH; 

• Total sodium; 

• Total organic carbon (TOC) and dissolved organic carbon (DOC); 

• Total alkalinity; and, 

• Conductivity; 
 
pH and total sodium were considered the main indicators of the presence of NaOH. It is 
important to note higher sodium concentrations observed in the Squamish River Estuary are 
reflective of saltwater intrusion from Howe Sound.   
 
In addition to the collection of analytical samples, in-situ multi-parameter probes recorded pH, 
temperature and conductivity in the Cheakamus River approximately every 15 minutes from 
August 15 to August 27, 2005 and from September 23 to October 28, 2005. Probes were located 
at the derailment site, and approximately 500 meters downstream of the derailment site Triton 
(2006a).   
 
Sampling and analytical results (Tables 4-5 and 4-6) confirm sodium hydroxide traveled down 
the river as a pulse and its effect on water quality, although acute, was of short duration. 
Measured parameters showed values in the range of natural background on August 6, 2005, one 
day after the spill. One sample obtained directly from “foam” in the Squamish Estuary at the 
Mamquam River Blind Channel location showed elevated level of sodium, conductivity and total 
organic carbon. However, the pH of this sample was near neutral (7.42) thus the high level of 
sodium, conductivity and total organic carbon cannot be directly linked to the sodium hydroxide 
spill.
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4.2.1 pH 

Monitoring conducted on August 5, 2005, showed pH values had returned to background levels 
in the Cheakamus River within five to seven hours post-derailment. pH measured in the 
Cheakamus River mainstem at the North Vancouver Outdoor School was 7.8 at 12:30 on August 
5, 2005 (McCubbing et al., 2006). Similarly, monitoring by the District of Squamish on August 
5, 2005 did not record pH exceeding the BC Approved Water Quality Guidelines for the 
protection of freshwater aquatic life (6.5 to 9.0) after 14:20 (District of Squamish, pers. comm., 
2005).  
 
Analytical samples collected on August 6 and thereafter showed pH values (6.63 – 7.54) within 
the range of approved values for the protection of freshwater aquatic life and livestock water 
supply (Table 4-4).   
 
pH values recorded by the in situ probes during site cleanup activities from August 13 and 27 
were within the remediation targets prescribed by Teal Solution (5.8 to 9.0) except for some 
localized departure due to the addition of acetic acid (down to 5.24). pH values recorded by the 
in-situ probes between September 23 and October 28, 2005 were within the federal and 
provincial guidelines for the protection of freshwater aquatic life (6.5 to 9.0). The only exception 
was on October 14 at the spill site 20m downstream of the bridge where pH reached a value of 
6.2 and only for 10 minutes. This lower pH value was attributed to rainfall washing off acetic 
acid residue from site remediation activities. This pH value was higher than a previously 
documented pH of 6.0 recorded in the Cheakamus River south of Garibaldi (MOE, 2003).  No 
corresponding low pH value was recorded at the downstream location. Additional rainfall events 
did not result in pH values outside of the recommended range for the protection of freshwater 
aquatic life. 
 
Additional information on pH monitoring completed during remediation activities is provided in 
the two following reports: 
 

• Teal Solutions. 2005. Draft Environmental Emergency Remediation Plan, CN Rail 
Derailment Garibaldi Mile 58.5, August 8th 2005. 16pp. 

 
• Triton Environmental Consultants. 2006a. Sodium Hydroxide Derailment Mile 56.6 

Water Quality Assessment. Draft Summary Report prepared for CN. September 2006. 
15pp. 

4.2.2 Total Sodium 

Fifteen of the sixteen samples collected in the Cheakamus and Squamish rivers showed total 
sodium concentrations below the detection limit of 2.0 mg/L. The only detectable concentration 
was measured at 2.1 mg/L. The seven samples collected in the Squamish River Estuary showed 
total sodium concentrations ranging from 2.9 mg/L to 1720 mg/L. The concentrations observed 
in the Cheakamus and Squamish rivers are in the lower range of sodium concentrations reported 
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for 75 rivers by UNEP in 1995 where the 10th percentile, mean and 90th percentile were 1.5, 28 
and 68 mg/L, respectively.  
 
There are no Canadian or provincial water quality guidelines for the protection of freshwater 
aquatic life for sodium. Similarly, the U.S. EPA has not published an Ambient Water Quality 
Criterion for sodium. Ecotoxicity data for sodium were not found in the reviewed literature. The 
literature indicates the toxicity of sodium salts are due to the anions rather than to the sodium 
cation. This and the analytical results indicate the direct impact of the spill on aquatic resources 
was due to the pH effect rather than direct ion toxicity from sodium. 

4.2.3 TOC and DOC 

TOC and DOC were selected as indicators of potential algal decomposition following NaOH 
exposure in response to anecdotal comments indicating foam had been observed in the Squamish 
River. All samples collected in the Cheakamus and Squamish rivers showed TOC concentrations 
below the limit of the laboratory method of detection (0.5 mg/L) except for two samples 
collected directly at the spill site which showed concentration of 0.66 mg/L and 0.89 mg/L. Note 
these values were in the range of the background level (0.78 mg/L) obtained upstream of the spill 
site. Out of the seven samples collected in the Squamish River Estuary, six showed 
concentrations ranging from below the laboratory method detection limit of 0.5 to a high of 0.68 
mg/L. The sample collected at the Mamquam Blind Channel location on August 6, 2005 showed 
the highest TOC level at 24.9 mg/L.  
 
DOC levels obtained in Cheakamus and Squamish rivers were below the limit of the laboratory 
method of detection (0.5 mg/L) in all samples except two collected downstream and upstream of 
the spill site. These samples showed DOC concentrations of 0.65 mg/L and 0.57 mg/L, 
respectively.  DOC concentrations in the Squamish River Estuary ranged from less than the 
detection limit of the laboratory method to 0.57 mg/L for six samples. Consistent with TOC 
results, the highest DOC concentration (1.05 mg/L) was obtained from the sample collected at 
the sand bar in the Mamquam Blind Channel on August 6, 2005.  While no TOC or DOC data 
specific to the Cheakamus and Squamish rivers were found in the reviewed literature, the 
Ministry of Environment indicates existing data for British Columbia lakes and rivers show 
median total and dissolved organic carbon levels generally less than 5 mg/L except for waters 
having high natural or anthropogenic sources (Moore, 1998). 
 
The BC Approved Water Quality Criteria for TOC and DOC for the protection of freshwater 
aquatic life and wildlife specify the 30-day 50th percentile shall be within 20% above or below 
seasonally-adjusted median background levels as measured historically or at appropriate 
reference sites (MWLAP, 1998).  As calculations should be conducted at a minimum of five 
weekly samples taken over a period of 30 days there is not enough information available to 
compare the obtained results with the criteria. There is no Canadian water quality guideline for 
the protection of freshwater and marine aquatic life for TOC and DOC.  
 
Results obtained from the Squamish River and Cheakamus River were low and in the range of 
values generally observed in surface water in BC rivers.  
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4.2.4 Alkalinity and Hardness 

Alkalinity is a measure of the buffering capacity of water, or the capacity of bases to neutralize 
acids. Alkalinity does not refer directly to pH, but to the ability of water to resist pH change. 
Alkalinity results (11.0 to 12.1 mg/L) confirmed the Cheakamus River has low alkalinity and is 
susceptible to changes in pH. Hardness is a measure of cations (mainly calcium and magnesium) 
in water. Waters with hardness values greater than 120 mg/L CaCO3 are considered hard, while 
waters with values less than 60 mg/L are soft (Resources Inventory Committee [RIC], 1998) 
Hardness results also confirm the river waters are soft and thus more susceptible to fluctuations 
in pH.  
 
Table 4-5. Analytical results for samples collected August 6 and 7, 2005 

Water Sampling 
Location 

Date pH 
Sodium 
(mg/L) 

Conductivity 
(uS/cm) 

TOC 
(mg/L)  

DOC 
(mg/L) 

Squamish River Estuary at the 
Terminals  

06-Aug-05 7.21 757.0 4830.0 0.68 0.57 

Squamish River Estuary at the 
Spit 

06-Aug-05 7.08 15.8 117.0 <0.50 <0.50 

Squamish River Estuary at the 
Spit 

06-Aug-05 6.82 8.9 70.5 0.56 <0.50 

Squamish River Estuary at the 
Spit   

07-Aug-05 6.91 2.9 26.4 <0.50 <0.50 

Squamish River Estuary at Sand 
bar Mamquam Blind Channel 

06-Aug-05 7.42 1720.0 10200.0 24.90 1.05 

06-Aug-05 7.31 <2 31.3 <0.50 <0.50 
Squamish River  07-Aug-05 6.85 <2 22.6 <0.50 <0.50 
Cheakamus River at confluence 
with Squamish River  

06-Aug-05 7.27 2.1 53.4 <0.50 <0.50 

Squamish River downstream of 
Cheakamus River 

06-Aug-05 7.17 <2 37.6 <0.50 <0.50 

06-Aug-05 6.63 <2 19.0 <0.50 <0.50 Squamish River mid channel 

upstream of Mamquam River  07-Aug-05 6.67 <2 15.2 <0.50 <0.50 

Squamish River mid channel 
downstream of Mamquam 
River 

06-Aug-05 6.63 <2 19.5 <0.50 <0.50 

Cheakamus River ~300m 
upstream of confluence with 
Squamish River 

07-Aug-05 7.12 <2 52.0 <0.50 <0.50 

Squamish River Estuary at the 
Terminals  

06-Aug-05 7.21 757.0 4830.0 0.68 0.57 
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Table 4-6. Analytical results for samples collected August 17 and 19, 2005 

Water 
Sampling 
Location 

/Description 

Date pH 
Sodium  
(mg/L)  

Conductivity  
(uS/cm) 

TOC 
(mg/L)  

DOC 
(mg/L)  

Alkalinity  
(total) 

Hardness  
(CaCO3) 

Squamish River 
Estuary at the 
Terminals 

17-Aug-
05 

7.21 586.0 3860.0 1.09 0.64 16.9 365.0 

Squamish River 
Estuary at the 
Spit 

17-Aug-
05 

7.29 7.4 54.9 <0.50 <0.50 5.5 18.5 

Squamish River 
at Eagle Island 
Site 

17-Aug-
05 

6.90 <2 15.0 <0.50 <0.50 4.4 14.0 

Squamish River 
at confluence 
with Mamquam 
River 

17-Aug-
05 

7.42 <2 46.2 0.67 0.63 12.6 17.2 

Cheakamus 
River at 
confluence with 
Squamish River 

17-Aug-
05 

7.54 <2 40.2 <0.50 <0.50 13.2 16.9 

400 m 
downstream of 
spill site 

17-Aug-
05 

7.20 <2 36.7 <0.50 - - 14.0 

Spill site 
downstream 
station 

17-Aug-
05 

6..96 <2 36.2 0.89 0.65 12.1 14.0 

Spill site middle 
station 

17-Aug-
05 

7.40 <2 35.2 0.66 <0.50 11.2 14.0 

Spill site most 
upstream station 

17-Aug-
05 

7.38 <2 35.1 <0.50 <0.50 11.0 14.1 

Upstream of 
spill site 
downstream of 
Chance Creek 

19-Aug-
05 

7.17 <2 33.2 0.78 0.57 12.0 14.5 

4.2.5 Modelled NaOH Transport 

Nomograms provided by Environment Canada (1984) were used to estimate maximum 
concentrations of sodium hydroxide in the Cheakamus River following the derailment. 
  
Sodium hydroxide in concentrations higher than 50 percent transported at normal temperature is 
highly viscous or solid which means it will not drain by gravity unless temperatures are above 
62oC. Nexen Chemicals estimated the product was at 90ºC when released from the railway car 
which would have allowed it to drain out by gravity. 
 
At the time the nomograms were used, it was estimated 46,000 litres of 73% sodium hydroxide 
had been released onto the right bank of the Cheakamus River (Teal Solutions, 2005).  Although 
it was estimated at a later date 45,000 litres of sodium hydroxide had entered the Cheakamus 
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River, 46,000 remained the value selected when using EC nomograms.  Based on these 
nomograms and using a burst manhole of 400 mm in size, it was estimated all 46,000 litres 
exited the car in the first minute. Given the extent of the spray zone it was also hypothesized a 
large volume would have sprayed through the manhole prior to flowing out. The nomograms 
were used based on a worst case scenario assuming 1,500 litres remained on the bank and 44,500 
litres entered the Cheakamus River. This would be equivalent to 56.2 tonnes of 73% sodium 
hydroxide. 
 
As discussed in Section 4.1.2. sodium hydroxide dissolves rapidly and completely in water and 
mixing can be described using classical diffusion equations (Environment Canada, 1984). 
Environment Canada (1984) uses turbulent diffusion equations to estimate pollutant 
concentration in a river downstream of a spill. Environment Canada (1984) indicates in the case 
of sodium hydroxide, as it is denser than water, the maximum concentration would be expected 
near the bottom of the river.   
 
The following average river characteristics were used to estimate sodium hydroxide 
concentrations five, ten and fifteen kilometres downstream of the spill site (Table 4-7): 

• Wetted width = 20 m  

• Depth = 1.5 m 

• Velocity = 1 ms-1  

• Manning’s n = 0.03 
 
The concentration of sodium and hydroxyl ions can be calculated from the estimated maximum 
concentration of NaOH, and the pH extrapolated (Table 4-7).   
 
Table 4-7. Model results for sodium hydroxide concentration and pH downstream of the 
derailment 

Distance downstream  
5 km  10 km  15 km  

Time post spill to reach the given distance 1h23 2h47 4h10 
NaOH (mg/L) 2000 1400 1000 
Na+ (mg/L) 1015 805 575 
OH- (mg/L) 850 595 425 
pH 12.7 12.5 12.4 
 
As the buffering capacity in the Cheakamus River is low, adjustments to the pH derived from the 
model are no greater than +/-0.05 based on calculations from De Groot et al., (2001) (De Groot 
et al., 2001 in UNEP, 2002). Limitations of the model include no inclusion of molecular 
diffusion and an assumed low turbulent diffusion or Manning’s coefficient. For the Cheakamus 
River, Manning’s n is variable although greater than the default value used in the model. Mixing 
in the river would be expected to be greater than mixing estimated by the model, thus reducing 
the maximum concentration.  
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As the product was carried down the river the pH was high enough to cause mortalities to fish 
and benthic invertebrates in the river (McCubbing et al. 2006; Triton, 2007). 

4.3 Ecological Receptors 

The assessment area supports a wide range of terrestrial and aquatic species including 
invertebrates, amphibians, reptiles, birds, mammals and fish. A preliminary list of 233 potential 
receptors identified as being present in the Cheakamus River watershed has been compiled based 
on biogeoclimatic zones and general habitat type information obtained for the assessment area 
(Section 3.1). The preliminary list of receptors and corresponding references are provided in 
Appendix I. The receptors were divided into respective animal communities based on trophic 
level (carnivores, omnivores, herbivores, insectivores, herbivore/insectivores and piscivores) as 
sourced from the BC Conservation Data Centre (2006). General definitions of each animal 
community are provided below. Details specific to the selected site-specific receptors are 
provided in Section 6.0. 

4.3.1 Carnivore 

“Carnivore“ for the purposes of this report includes mammal, bird, amphibian and reptile species 
potentially found in the Cheakamus watershed consuming aquatic and terrestrial vertebrates, fish 
(but not exclusively) and large invertebrates (terrestrial and aquatic).  The general foraging 
habitat of the carnivore community occurs in woodland, the river’s edge and open areas.   
 
Carnivorous mammal species identified in the Cheakamus watershed are of small to medium 
body size, the majority of prey items include small to medium sized vertebrates such as deer, 
rabbits, mice, squirrels and voles, with the exception of the mink (Mustela vison) and northern 
river otter (Lontra canadensis) which prey mostly upon aquatic vertebrates and some terrestrial 
vertebrates.  Generally, the carnivorous mammals listed do not hibernate over the winter, many 
are chiefly nocturnal but can be seen hunting during the day.  Home ranges vary from small 
hunting areas [e.g., long-tailed weasel (Mustela frenata) ranges 12-16 ha] to the cougar (Puma 
concolor), and coyote (Canis latrans) which can range up to 120 km (Burt and Grossenheider, 
1980).   
 
Carnivorous bird species occurring in the Cheakamus watershed include birds of prey (eagles, 
hawks, kestrels, falcons and owls).  These birds are of larger body size and take prey including: 
small mammals, small to medium sized birds, fish (but not exclusively), carrion and some 
insects.  Most of the birds of prey are diurnal, hunting during the day and the majority are 
migratory, with northern breeding populations moving south for the winter [e.g., American 
kestrel (Falco sparverius), Cooper’s hawk (Accipiter cooperii), Peregrine falcon (F. peregrinus)].  
The owl species are generally sedentary with evidence of some southward movements [e.g., 
Northern saw-whet owl (Aegolius acadicus)], with most activity occurring at night (Campbell et 
al., 1990).  
 
There are few carnivorous amphibians and reptiles in the region, with only one amphibian 
species identified, the coastal giant salamander (Dicamptodon tenebrosus), although the 
Cheakamus River may be just out of its range, and three reptile species (Appendix II).  The 
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coastal giant salamander’s main diet consists of terrestrial and aquatic invertebrates and small 
snakes and mammals.  The diet of the identified reptiles includes salamanders, frogs and large 
invertebrates (e.g., slugs, worms, snails, leeches).  Little is known on populations and 
movements of these species in the study area. 

4.3.2 Omnivore 

“Omnivore” includes generalist mammal, bird and reptile species likely to be found in the 
Cheakamus River watershed, which consume a variety of herbaceous materials, including fruits, 
nuts, seeds, as well as invertebrates and vertebrates [e.g., black bear (Ursus americanus), 
Steller’s jay (Cyanocitta stelleri), Northern pintail (Anas acuta)] (Appendix II).  The omnivorous 
group is diverse ranging from large mammals [e.g., grizzly bear (Ursus arctos )] to small rodents 
[e.g., deer mouse (Peromyscus maniculatus )], aquatic and terrestrial bird species [e.g., mallard 
(Anas platyrhynchos), common raven (Corvus corax ) respectively], reptiles and a few fish 
species.  This group includes species which are inactive during the coldest winter months (e.g., 
black bear, grizzly bear), scavengers [e.g., common raccoon (Procyon lotor)] and smaller species 
which are active year round and have adaptive diets [e.g., red fox (Vulpes vulpes), striped skunk 
(Mephitis mephitis), yellow-pine chipmunk (Neotamias amoenus)].  The group is diverse and 
tend to be opportunists, consuming seasonally abundant foods, including berries, other 
vegetation, insects, fish and some will feed on other carnivore’s kills (Eder and Pattie, 2001).   

4.3.3 Herbivore 

The herbivores consume plant material almost exclusively, with some seasonal insect 
supplementation. Also included in this group are granivores [e.g., Pacific jumping mouse (Zapus 
trinotatus)].  The Cheakamus River watershed has both herbivorous mammal and bird species 
inhabiting the area [e.g., American beaver (Castor canadensis), mule deer (Odocoileus 
hemionus), Canada goose (Branta Canadensis), blue grouse (Dendragapus obscurus)] 
(Appendix II).  The mammals vary from larger ungulate exclusive browsers (e.g., mule deer) to 
smaller grazers [e.g., snowshoe hare (Lepus americanus)] and rodents which consume a variety 
of seeds, nuts, some berries and fungi [e.g., long-tailed vole (Microtus longicaudus), northern 
flying squirrel (Glaucomys sabrinus), southern red-backed vole (Clethrionomys gapperi)].  They 
generally remain active year round, adapting their diets to woody vegetation and evergreens in 
the winter, to succulent shoots and leaves in the summer. Bird species vary from smaller 
woodland birds [e.g., American goldfinch (Carduelis tristis)] to larger marshland species (e.g., 
Canada goose).  Herbivorous birds eat a variety of seeds, buds, grasses, flowers and grains with 
occasional berries and some insects.  Seasonal movements occur in all of the herbivorous bird 
species (Campbell et al., 1990). 

4.3.4 Insectivore 

The insectivorous group is one of the larger animal communities represented in the Cheakamus 
River watershed.  It includes the consumption of aerial and ground dwelling insects, terrestrial 
invertebrates and aquatic invertebrates, and is represented in the region by mammals, birds, 
amphibians and reptiles [e.g., common water shrew (Sorex palustris), western long-eared bat 
(Myotis evotis), American dipper (Cinclus mexicanus), pileated woodpecker (Dryocopus 
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pileatus), red-legged frog (Rana aurora), northern alligator lizard (Elgaria coerulea)] (Appendix 
II).   
 
Insectivorous mammals are generally of smaller body size with high metabolic rates and must 
consume up to their body weight in food every day (BC Conservation Data Centre, 2006) they 
can be nocturnal (e.g., all of the bat species), whereas the shrews tend to be diurnal.  The 
majority of the insectivorous mammals feed on aerial and terrestrial invertebrates; however the 
common water shrew (Sorex palustris) relies on aquatic insects and some small fish and 
amphibians for its diet. 
 
The insectivorous bird group is large and diverse, including smaller woodland species feeding on 
aerial, terrestrial and wood boring insects [e.g., Brown creeper (Certhia americana), olive-sided 
flycatcher (Contopus cooperi), pileated woodpecker, yellow warbler (Dendroica petechia)] to 
semi-aquatic species of both small and large body sizes feeding on freshwater aquatic 
invertebrates [e.g., American dipper, harlequin duck (Histrionicus histrionicus)].  
 
Insectivorous amphibians likely to use the Cheakamus River watershed include salamanders and 
frogs (Appendix II). These species rely on freshwater for at least part of their life cycle, and eat a 
variety of terrestrial and aquatic invertebrates with larval stages relying on zooplankton [e.g., 
long-toed salamander (Ambystoma macrodactylum), red-legged frog].  The northern alligator 
lizard (Elgaria coerulea) is the only reptile identified in this group and is found in cool, moist 
woodlands often along stream margins (Behler and King, 1995). 

4.3.5 Herbivore/Insectivore 

Many bird species show no preference for either plant material (e.g., seeds, berries, nuts, fruits) 
or insects and may consume both seasonally or year round [e.g., black-capped chickadee 
(Poecile atricapillus), Swainson’s thrush (Catharus ustulatus), Rufous hummingbird 
(Selasphorus rufus)].  These birds are generally woodland species with one waterbird, trumpeter 
swan (Cygnus buccinator) (Appendix II).  The woodland species are generally of smaller body 
size, ranging from very small (e.g., Rufous hummingbird and black-capped chickadee); feeding 
on a variety of aerial insects, gall producing insects and nectar, to slightly larger species; feeding 
on a variety of small fruits and insects [e.g., cedar waxwing (Bombycilla cedrorum), downy 
woodpecker (Picoides pubescens)].   
 
Some fish species also fall into this category feeding on microscopic plant and animal material, 
for example, the western brook lamprey (Lampetra richardsoni) larval stage filter feeds while 
the adult stage does not feed at all (BC Conservation Data Centre, 2006).  

4.3.6 Piscivore 

Piscivores feed almost exclusively on fish and some crustaceans, molluscs and aquatic 
invertebrates, and include mainly bird and fish species in the Cheakamus River watershed [e.g., 
belted kingfisher (Ceryle alcyon), osprey (Pandion haliaetus), green heron (Butorides virescens), 
and chinook salmon (Oncorhynchus tshawytscha)] with potential for a few mammal species in 
the lower reaches [e.g., harbour seal (Phoca vitulina)].  The bird species are generally of larger 
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body size and either forage on the water’s edge (e.g., green heron) or actively dive for their prey 
[e.g., common loon (Gavia immer)], and includes both fresh and saltwater species.  Seasonal 
movements occur for the majority of species.   
 
The harbour seal and northern sea lion (Eumetopias jubatus) are the only piscivorous mammals 
listed for the area as both are recorded for Howe Sound. The harbour seal has been observed 
occasionally in or near the lower Cheakamus River (L.J. Wilson, pers. comm. Canadian Outback 
Adventures, 2006).  
 
The remaining piscivorous species are fish, which primarily feed on other fish species at various 
stages of their development, in either fresh or saltwater. 

4.4 Provincially Listed Species 

Most of the wildlife species in British Columbia have been assessed against a “ranking” system 
by the Ministry of Sustainable Resource Management (MSRM) to establish the degree of 
conservation risk for each species assessed based solely on its status in British Columbia 
(MSRM, 2002).  The listings sort species into groups with similar conservation risks. There are 
three lists; Red (species at risk), Blue (species of special concern) and Yellow (species not at 
risk).  These rankings provide biologists, managers and interested public with a framework 
which is easy to understand, yet it deals with complex conservation needs for all species.  For the 
purpose of this report only Red and Blue listed species will be identified and given special 
consideration. Table 4-8 lists receptor species that have been identified as potentially being 
present in the Cheakamus River watershed with a provincial Red or Blue listing.  
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Table 4-8. Potential receptors in the Cheakamus River watershed with provincial listing 
 BC Provincial Listing 
Animal 
Class 

Red1 Blue 2 

Mammals Keen’s long-eared bat (Myotis keenii) 
Pacific water shrew (Sorex bendirii) 

Fisher (Martes pennanti) 
Grizzly bear 

  Wolverine (Gulo gulo luscus) 
  Pacific jumping mouse 
  American beaver 
  Townsend’s chipmunk (Neotamias townsendii)   
  Townsend’s big-eared bat (Corynorhinus 

townsendii) 
  Trowbridge’s shrew (Sorex trowbridgii)  
Birds Brandt’s cormorant (Phalacrocorax 

penicillatus)  
Great blue heron (Ardea herodias fannini) 

 Pelagic cormorant (P. pelagicus 
pelagicus) 

Green heron 

 Marbled murrelet (Brachyramphus 
marmoratus) 

Double-crested cormorant (Phalacrocorax 
auritus) 

 Spotted owl (Strix occidentalis)  Trumpeter swan  
  Surf scoter (Melanitta perspicillata) 
  Sandhill crane (Grus canadensis)  
  Band-tailed pigeon (Patagioenas fasciata) 
  Western screech-owl (Megascops kennicottii 

kennicottii) 
  Barn swallow (Hirundo rustica) 
Amphibians Coastal giant salamander Red-legged frog 
 Spotted frog (Rana pretiosa) Tailed frog (coastal) (Ascaphus truei) 
Reptiles  Painted turtle (Chrysemys picta) 
Fish  Cutthroat trout (Oncorhynchus clarkii clarkia) 
  Bull trout (Salvelinus confluentus) 
  Dolly Varden (S. malma) 
1Red List:  List of ecological communities, and indigenous species and subspecies that are extirpated, endangered 
or threatened in British Columbia. Red listed species and sub-species have or are candidates for official Extirpated, 
Endangered or Threatened Status in BC. Not all Red-listed taxa will necessarily become formally designated. 
Placing taxa on these lists flags them as being at risk and requiring investigation. 
2Blue List:  List of ecological communities, and indigenous species and subspecies of special concern (formerly 
vulnerable) in British Columbia. 

4.5 Conceptual models 

The information on the stressor and the potential ecological receptors (aquatic and terrestrial 
communities) was integrated into the development of a visual description, or conceptual model, 
outlining how NaOH could have affected these potential receptors. The conceptual model was 
then used to refine the list of preliminary receptors and confirm which receptors would be 
evaluated during the subsequent analysis phase of the assessment.  
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The first conceptual model built was a generic model including fish, birds and mammals (Figure 
4-2). This model shows all potential exposure pathways from the stressor to the receptors as 
follows: 
 

• Fine arrows indicate an incomplete or implausible pathway; 

• Dashed arrows indicate short term potential pathways; and,  

• Bold arrows shows relevant direct or indirect pathways.  
 

A pathway was considered incomplete or not plausible in the absence of interaction between the 
stressor and potential receptors. Identified incomplete pathways included those relevant to the 
terrestrial portion of the spill site including terrestrial plant, insects and wildlife ultimately 
consuming them. It is recognized that, in the absence of vegetation (e.g., grass, shrubs, forbs, 
trees) such as at the spill site, there is no exposure to terrestrial birds or wildlife (MELP, 1998). 
Additionally, the terrestrial area affected by the spill was limited to a small localized area 
covered with boulders, thus any potential effects to soil invertebrates were considered to be 
locally restricted and unlikely to affect the abundance of other species feeding on them. These 
pathways were not included in the assessment of ecological effects. 
 
A pathway was considered complete but ecologically insignificant when the exposure would 
have occurred only for a short period of time (e.g., less than 1 hour for one individual present in 
the river at one location while the pulse of increased pH traveled downstream) and where 
avoidance reactions would have been the main response of the potential receptors. Such 
pathways included dermal contact or ingestion of surface water by potential wildlife receptors. 
As mentioned in the methodology, the effects assessment is being completed at the population 
level, thus it was considered unlikely all mobile organisms belonging to the same species would 
have had a similar spatial and temporal distribution such that the resulting mortalities would have 
put the persistence of this population at stake. These pathways were not included in the 
assessment of ecological effects. 
 
A pathway was considered complete and potentially leading to adverse ecological effects when 
direct exposure of a given receptor resulted in direct effects (e.g., fish kill) or indirect effects to a 
subsequent receptor (e.g., reduction in abundance of a fish-eating community due to the 
reduction of fish abundance). These pathways were considered in the assessment and included 
direct effects to aquatic receptors such as fish and benthic invertebrates and potential indirect 
effects to subsequent receptors such as piscivorous wildlife.  
 
Details of the aquatic environment conceptual model are shown in the second conceptual model 
(Figure 4-3).  Results are visually shown in Figure 4-4. 
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Figure 4-2. Potential aquatic and terrestrial NaOH exposure pathways 
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Figure 4-3. Details of potential aquatic NaOH exposure pathway; See Figure 4-2 for potential overall aquatic and terrestrial 
NaOH exposure pathway 
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Figure 4-4. Results of exposure pathways 
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4.6  Selected Semi-Aquatic and Terrestrial Receptor s 

Since it was not practical to complete a detailed assessment of all identified preliminary 
receptors, receptors of concern (ROC) were selected to represent the actual ecological resources 
further addressed in the assessment. To do so, selection criteria were applied to the preliminary 
receptor list. The species scoring the highest ”rank” were then chosen as representative receptors 
for the assessment.  Table 4-9 shows the selection criteria applied to the preliminary receptors 
while the detailed scores obtained for each species are provided in Appendix II. 
 
Table 4-9. Receptor selection criteria 
Criteria Description 
Listed species  
 

Classified as an endangered species of concern (Red or Blue listed 
species). 

Ecological significance The species/community helps sustain the natural structure, function, 
and biodiversity of an ecosystem or its components; may contribute 
to the food base (e.g., primary production), provide habitat (e.g., for 
food or reproduction); the loss or reduction of the receptor may 
result in a potential cascade of adverse effects; the receptor uses the 
assessment area for an important ecological function (e.g., 
spawning, feeding). 

Social significance The receptor has cultural, recreational or commercial importance. 
Good indicator or 
surrogate species 

As all species cannot be assessed in detail, the chosen receptor will 
represent other species (e.g., benthic invertebrate community instead 
of a specific species of aquatic invertebrate; a robin may represent 
insectivorous songbirds, the dusky shrew may represent 
insectivorous small mammals).   

Plausibility of effect  The receptor is sensitive to direct or indirect effects from NaOH and 
direct or indirect exposure to NaOH may have occurred. 

Adapted from MELP (1998) and U.S. EPA (1998) 

 
As described in the methodology, only receptors showing the highest score were considered 
(refer to Tables II-3 to II-5 in appendix). For example, “social significance” is not sufficient in 
itself for a receptor to be selected, but using this criterion ensures all potential receptors are 
considered. Note, following the same principle, CCME (1998) recognizes “aesthetic value to 
local residents” as one of the criteria used to select receptors of concern while completing an 
ecological risk assessment.  
 
The resulting eleven selected terrestrial receptors are listed in Table 4-10, while additional details 
on the selection of each receptor are provided in Section 4.6.1. 
 
 
 
 
 
 



Screening Level Assessment of Ecological Effects  June 2007 

FINAL REPORT  Page 39 
Prepared by Triton Environmental Consultants Ltd. 

Table 4-10. Terrestrial and semi-aquatic receptors selected for the assessment 
Animal Community Animal Class Selected Species 
Carnivore Mammal Mink 
 Bird Bald eagle 
Omnivore Mammal Black bear 
 Bird *Common merganser 
Herbivore Mammal American beaver 
 Bird *Canada goose 
Insectivore Mammal Common water shrew 
 Bird American dipper 
 Amphibian Tailed frog (coastal) 
Piscivore Bird Great blue heron 
  Belted Kingfisher 
*observed by McIntosh and Robertson (2001) on the river with young 

4.6.1 Selected Semi-Aquatic and Terrestrial Receptors 

Mink (Mustela vison) 

Carnivorous mammals observed on a regular basis along the Cheakamus River include cougar, 
wolf and coyote (McIntosh and Robertson, 2001).  Smaller furbearers including mink, river otter 
and beaver have also been documented for the Lower Cheakamus River (McIntosh and 
Robertson, 2001).  Cougar, wolf and coyote feed on terrestrial species including; squirrels, rats, 
mice, voles and birds.  These prey items are unlikely to be affected by the NaOH event, thus 
adverse ecological effects on the larger carnivores (e.g., lack of prey) are therefore not plausible. 
Beavers were not considered due to their diet (terrestrial vegetation), low numbers in the region 
and preference for slower moving backwaters. Although the mink and river otter are rarely 
sighted along the Cheakamus River the mink is reported as a ‘common resident’ and the river 
otter as an ‘uncommon resident’ (McIntosh and Robertson, 2001).  Based on life history 
information it was considered plausible the river otter may utilize the marine foreshores of Howe 
Sound for foraging more so than the Cheakamus River. Based on the above, and on the selection 
criteria applied, the mink was considered an appropriate surrogate for the river otter. 
 
The mink (Mustela vison) is widely distributed in BC and is found in wet zones in coniferous or 
hardwood forests along streamsides (Eder and Pattie, 2001) and has been observed along the 
lower Cheakamus River by McIntosh and Robertson (2001). The mink relies on muskrats, frogs, 
fish, waterfowl and their eggs for its diet (BC Conservation Data Centre, 2006).  Mink typically 
den in a burrow close to water and their home ranges include a linear 5 km stretch following the 
river (Eder and Pattie, 2001).  
 
The mink was considered a representative site-specific receptor for the Cheakamus River based 
on the following: 

• One of the few terrestrial species relying on the river for its diet and nesting sites; 

• Has social significance, being readily recognizable and has in the past been highly valued 
for its fur; 
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• A good indicator or surrogate species, representing other species such as the river otter 
and the blue listed fisher (Martes pennanti); and, 

• The mink is potentially sensitive to direct (using the river at the time of the spill) and 
indirect effects (reduction in food source) from the NaOH event. 

Bald Eagle (Haliaeetus leucocephalus) 

There are many birds of prey listed for the Cheakamus River area including eagles, falcons, 
raptors, hawks, harriers, and owls (Appendix I).  The majority of these species rely on terrestrial 
food items such as squirrels, rabbits, voles, mice, rats and other bird species.  The bald eagle 
(Haliaeetus leucocephalus) is opportunistic and feeds on fish, injured waterfowl, seabirds, 
various mammals and carrion (BC Conservation Data Centre, 2006) and congregates on the 
Cheakamus River during the late fall and winter to take advantage of spawning salmon 
(McIntosh and Robertson, 2001).  The osprey (Pandion haliaetus) is another large bird of prey 
using the Cheakamus River, it is piscivorous and a seasonal visitor to the assessment area and for 
the purposes of this assessment was represented by the belted kingfisher (Ceryle alcyon) as they 
occupy the same food niche (see below).   
 
The bald eagle is one of the most conspicuous birds of prey along the Cheakamus River and was 
considered an appropriate receptor because: 

• It has high social and cultural significance; 

• It is potentially sensitive to indirect effects from the NaOH event from fish kills and the 
potential for reduced salmon runs in the future; and, 

• Local information is available, including historic and current bird counts.  

Black Bear (Ursus americanus) 

The omnivorous species found along the Cheakamus River are diverse, broadly ranging in body 
size from mice to some of the largest mammals found in BC (e.g., grizzly bear).  The black bear 
(Ursus americanus) is widely distributed in BC’s forested areas (Eder and Pattie, 2001).  As with 
many of the other omnivores listed for the region (Appendix I) the black bear is an opportunistic 
feeder (i.e., its diet is determined by seasonal food availability), consuming plant and animal 
material, more specifically; leaves, buds, flowers, berries, fruits and roots as well as animal 
material including young ungulates, other small vertebrates, carrion and a variety of insects.  
Additionally, on the BC coast, salmon runs are a major source of food (Eder and Pattie, 2001).  
The black bear is one of the only omnivorous mammal species relying on fish as a component of 
its diet in the region.  The black bear can also be considered a surrogate species to the blue listed 
grizzly bear, which was once common in the study area (McIntosh and Robertson, 2001; 
Robertson Environmental Ltd. 2003).   
 
The black bear is one of the most conspicuous large vertebrates in the study area and was 
considered an appropriate receptor because: 

• It has ecological significance relying on salmon runs for an important component of its 
diet; 

• It has high social significance; 
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• It is an appropriate indicator for other omnivorous mammals and a surrogate species for 
the blue listed grizzly bear; 

• It is potentially sensitive to indirect effects from fish kills and potentially reduced future 
populations of salmonids; and, 

• It is a well-studied species and is known to utilize the area. 

Common Merganser (Mergus merganser) 

The common merganser (Mergus merganser) is a widely distributed omnivorous diving duck 
that mainly feeds on fish, amphibians, invertebrates and some plant material (BC Conservation 
Data Centre, 2006).  The common merganser requires gravel bars, logs or dry spits for roosting 
and nests along riverbanks in either tree cavities or on the ground (McIntosh and Robertson, 
2001).  The terrestrial omnivorous bird species found in the area are unlikely to be affected by 
the sodium hydroxide and therefore were not considered as potential receptors [e.g., common 
raven (Corvus corax), ruffed grouse (Bonasa umbellus), Steller’s jay].  The common merganser 
is a year-round resident known to frequent the Cheakamus River and has been observed on the 
river with young (McIntosh and Robertson, 2001).  It is characteristic of the area (McIntosh and 
Robertson, 2001) and represents other diving ducks potentially utilizing the river [e.g., Barrow’s 
goldeneye (Bucephala islandica), bufflehead (B. albeola), ring-necked duck (Aythya collaris), 
harlequin duck (Histrionicus histrionicus)].  The blue listed sandhill crane (Grus canadensis) is 
also omnivorous but relies less on fish and aquatic insects in its diet, and therefore is less likely 
to be exposed to the affects of the NaOH spill.  The harlequin duck is also found along the 
Cheakamus River, and mostly feeds on aquatic invertebrates (e.g., crustaceans and molluscs) 
insects and some small fish (BC Conservation Data Centre, 2006) and is represented by the 
common merganser for the purposes of this assessment.   
 
The common merganser was considered an appropriate receptor because it: 

• Uses the area for a food source and has been observed breeding in the area; 

• Represents other diving ducks in the region; and, 

• Is sensitive to potential direct and indirect effects (e.g., loss of food source). 

American Beaver (Castor canadensis) 

The assessment of ecological effect has found no exposure pathway between terrestrial 
herbivores, feeding on terrestrial vegetation, and potential effects from NaOH.  Terrestrial 
herbivores in the area (e.g., mule deer, snowshoe hare, southern red-backed vole) feed on 
terrestrial grasses, seeds and roots with no contaminant-receptor pathway.  However, the 
American beaver (Castor canadensis) is one of the few herbivorous mammals adapted to aquatic 
life in the region. It does not rely on fish and aquatic invertebrates for its diet, but eats the bark 
and cambium of alder, birch and willow and in the summer it takes advantage of succulent 
aquatic pond vegetation (Eder and Pattie, 2001). The beaver is a blue listed species in BC and 
has been recorded in the area of the North Vancouver Outdoor School property (McIntosh and 
Robertson, 2001).  Beavers tend to use slower moving sections of rivers to build their lodges of 
mud and sticks. The adult males generally do not live in the lodges but dig burrows in the river’s 
bank, with the entrances below the water (Eder and Pattie, 2001).  Although the American beaver 
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is a North American icon it was not considered in this assessment, its diet, low numbers in the 
region and preference for slower moving backwaters make it an unlikely candidate for effect 
from either direct or indirect impacts. 

Canada Goose (Branta canadensis) 

Unlike the herbivorous American beaver feeding on terrestrial vegetation, a potential exposure 
pathway is recognized for terrestrial/semi-aquatic species who feed on aquatic plants. The 
Canada goose (Branta canadensis) is an herbivore adapted to life on the water and can represent 
other herbivorous or partly herbivorous waterfowl utilizing the Cheakamus River [e.g., American 
wigeon (Anas americana), common goldeneye (Bucephala clangula), trumpeter swan (Cygnus 
buccinator)].  These waterfowl generally feed on aquatic plant material including seeds, tubers, 
sedges, bulrush, pondweeds and some aquatic invertebrates.  Waterfowl are one of the most 
conspicuous wildlife commonly seen using the Cheakamus River. The Canada goose is a year-
round resident (although some components of the local population may be migratory) and has 
been observed with young on the Cheakamus River (McIntosh and Robertson, 2001).  The 
Canada goose has also been observed in high numbers on the Mamquam Channel, having 
accounted for over 50% of water birds observed in fall and winter months (Robertson 
Environmental Ltd., 2003).  
 
The Canada goose was considered an appropriate receptor because it: 

• Has ecological significance to the region, using the river for feeding, breeding and is a 
year round resident; 

• Has social significance; 

• Can be used as a surrogate species for other herbivorous or partly herbivorous waterfowl; 
and, 

• Is potentially sensitive to indirect effects from NaOH if there is a substantial die off of 
aquatic plants. 

Common Water Shrew (Sorex palustris) 

The common water shrew (Sorex palustris) is widely distributed in BC and is one of two shrews 
adapted to aquatic life, the other being the red-listed Pacific water shrew (Sorex bendirii). The 
common water shrew is found along the Cheakamus River (Triton, 2007) where it actively feeds 
on aquatic insects, spiders, snails, other invertebrates and small fish (Eder and Pattie, 2001).  
They are fierce predators, hunting in a frenzied manner for insect nymphs and small fish [e.g., 
sticklebacks (Gasterosteus spp.)] (Eder and Pattie, 2001). This species represents other 
insectivorous mammal species, although most of these are terrestrial [e.g., common shrew (Sorex 
cinereus), dusky shrew (S. monticolus), Trowbridge’s shrew (S. trowbridgii), vagrant shrew (S. 
vagrans)] and less likely to be potentially exposed as receptors.  The common water shrew also 
acts as a surrogate species for the red listed Pacific water shrew, whose range is not documented 
for the assessment area (Ross Vennesland, pers. comm., 2006).  
 
Other insectivorous mammal species occupying the region are bats. Although terrestrial, most 
bat species are found near water, which they use for drinking and catching aerial prey at the 
surface.  The majority of bats likely to be found in the Cheakamus River region are nocturnal 
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hunters and feed on moths, flies, beetles, plant hoppers and agricultural pests [e.g., western long-
eared bat (Myotis evotis), little brown bat (M. lucifugus), long-legged bat (M. volans), hoary bat 
(Lasiurus cinereus), silver-haired bat (Lasionycteris noctivagans), big brown bat (Eptesicus 
fuscus), Townsend’s bat (Corynorhinus townsendii )].  However, two other species found in the 
region, California bat (Myotis californicus) and Yuma bat (M. yumanensis) mainly feed on 
emerging adult caddisflies and mayflies which require freshwater for their larval stages and are 
found in the Cheakamus River (Perrin, 2001; Triton, 2007). There is potential for these species to 
incur indirect exposure through reduced food sources. Finally, the red listed Keen’s bat (Myotis 
keenii) distribution encompasses the Cheakamus watershed. The Keen’s bat feeds on high-flying 
insects along forest edges and over ponds and clearings (Eder and Pattie, 2001).  As with the 
species listed above, due to its feeding strategy, the Keen’s bat is unlikely to be exposed to the 
effects of NaOH. 
 
The common water shrew was considered an appropriate receptor based on the following: 

• Although not provincially listed it has similar life history strategies to the red-listed 
Pacific water shrew, for which the area is just beyond its known range; 

• It is an important link in the food chain, consuming benthic invertebrates and it is preyed 
upon by carnivorous mammals and bird species; 

• It is a good surrogate species for other insectivorous mammals, including other shrew’s 
and bats; and, 

• It is potentially sensitive to direct exposure (if using the river at the time of the spill) and 
indirect effects (loss of food source) from the NaOH event. 

American Dipper (Cinclus mexicanus) 

This species is characteristic of the study area, and it is one of the few passerine species 
potentially effected by the NaOH spill.  The American dipper (Cinclus mexicanus) forages in 
swift mountain streams (McIntosh and Robertson, 2001) in search of adult insects and their 
larvae (e.g., caddisflies, mayflies, stone flies, mosquitoes, water beetles) (BC Conservation Data 
Centre, 2006).  It winters along streams that have runs of salmon and steelhead or contain 
resident trout (Campbell et al., 1990) and is commonly seen along the Cheakamus River.  It 
breeds along streams with minimal human disturbance from March to August (Campbell et al., 
1990).  The majority of other passerines in the region are terrestrial and feed mainly on terrestrial 
insects [e.g., woodpeckers (Picoides sp.), American pipit (Anthus rubescens), Bewick’s wren 
(Thryomanes bewickii), bushtit (Psaltriparus minimus), warbling vireo (Vireo gilvus)].   
 
No direct significant exposure pathway was recognized for these terrestrial species during this 
assessment (See Section 4.5); however the American dipper was considered an appropriate 
receptor based on the following: 

• It relies on benthic invertebrates for its diet; 

• It is a surrogate species for the spotted sandpiper (Actitis macularius) also characteristic 
of the area (McIntosh and Robertson 2001); and, 

• It is potentially sensitive to indirect effects from NaOH in reduced benthic invertebrate 
communities. 
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Coastal Tailed Frog (Ascaphus truei)    

The coastal tailed frog (Ascaphus truei) is a blue-listed species found in the region of the 
Cheakamus River (Corkran and Thoms, 1996; Wahbe and Bunnell, 2003).  It occurs in cold, 
fast-flowing streams with cobble to large boulder substrate (Corkran and Thoms, 1996).  It is the 
only amphibian in the Pacific Northwest to have internal egg fertilization, an adaptation to 
prevent sperm from being washed away while breeding in fast-flowing rivers (Corkran and 
Thoms, 1996).  It breeds from May to October with eggs laid mostly in July and hatching from 
August to September (BC Data Conservation Centre, 2006).  Eggs are laid in fast-flowing 
sections of the river attached under cobble or boulder-sized rocks (BC Data Conservation Centre, 
2006). Tadpoles can metamorphose anywhere from 2 to 5 years (Corkran and Thoms, 1996).   
 
Other amphibians found in the area and near water include the blue-listed red-legged frog (Rana 
aurora), western toad (Bufo boreas), northwestern salamander (Ambystoma gracile), long-toed 
salamander (A. macrodactylum) and the roughskinned newt (Taricha granulosa). While the 
tailed frog’s habitat consists of clear mountain streams the habitats used by these other 
amphibians include open wood, forest margins and stream banks (Green and Campbell, 1984).  
 
The coastal tailed frog was considered an appropriate receptor based on the following 
information: 

• It is a blue-listed species; 

• Potentially utilizes the river for egg-laying; 

• Feeds on terrestrial and aquatic insects;  

• Tadpoles and adults are potential food sources for other species; 

• An appropriate surrogate species for other amphibians using the river in the area; 

• Eggs, tadpoles and adults, are potentially sensitive to direct exposure from NaOH. 

Great Blue Heron (Ardea herodias) 

Herons, grebes, egrets and cormorants are medium to large wading birds with long necks and 
spear-like beaks and occupy a variety of aquatic environments including marine, bays, inlets, 
harbours, lagoons, estuaries and inland rivers and lakes (Campbell et al., 1990).  These birds eat 
a variety of aquatic life including fish, crabs, shrimps, marine worms, molluscs and some 
terrestrial vertebrates (BC Conservation Data Centre, 2006).  The great blue heron (Ardea 
herodias) is a blue-listed species and is a year-round resident (Robertson Environmental 
Services, 2003).  A great blue heron colony was observed by Robertson Environmental Services 
(2003) at the south end of Squamish River Estuary across from the marina.  Although no 
colonies are reported along the Cheakamus River, herons are frequently observed in the area 
(McIntosh and Robertson, 2001; Robertson Environmental Services, 2003). The great blue heron 
mainly feeds on fish, insects, crustaceans, amphibians, reptiles, mice, shrews and other animals, 
and mostly forages standing in the water and in fields (BC Conservation Data Centre, 2006).  It 
has been observed feeding in the lower Cheakamus River (cited McIntosh and Robertson, 2001). 
The green heron (Butorides striatus) is also a blue-listed species but is seldom seen in the area 
(Robertson Environmental Services, 2003).   
 



Screening Level Assessment of Ecological Effects  June 2007 

FINAL REPORT  Page 45 
Prepared by Triton Environmental Consultants Ltd. 

Other wading birds potentially represented by the great blue heron include; eared grebe 
(Podiceps nigricollis), horned grebe (P. auritus), red-necked grebe (P. grisegana) and pied-
billed grebe (Podilymbus podiceps).  The majority of grebes observed in the area are primarily 
winter residents, with the double-crested cormorant (Phalacrocorax auritus) and pelagic 
cormorant (P. pelagicus) being year round residents (Robertson Environmental Services, 2003). 
The double-crested cormorant has been observed feeding on runs of small fish in the lower 
Cheakamus River (cited in McIntosh and Robertson, 2001).   
 
The great blue heron was considered an appropriate receptor species for the Cheakamus River 
based on the following information: 

• It is a blue listed species occupying the area; 

• It uses the area for feeding and breeding in nearby areas; 

• Has social significance; 

• Surrogate species for other large piscivorous waterbirds using the area as part of their life 
history; and, 

• Potentially sensitive to indirect exposure effects from the NaOH event in the form of the 
potential loss of food sources. 

Belted Kingfisher (Ceryle alcyon) 

The belted kingfisher (Ceryle alcyon) is a year-round breeding resident characteristic of the 
Cheakamus River (McIntosh and Robertson, 2001).  
 
Although also a piscivorous species, the belted kingfisher has a different life history strategy to 
the larger wading piscivores already mentioned above.  The belted kingfisher is of much smaller 
body size, nests in cutbanks and uses elevated perches including shrubs, trees and snags to dive 
for its prey [e.g., mainly small fish (average length of 9 cm) but also insects] (Campbell et al. 
1990; BC Conservation Data Centre 2006). The kingfisher does not wade along the waters edge. 
The belted kingfishers feed in freshwater (lakes, rivers and shallow wetlands) and marine 
environments.  
 
The osprey is another piscivorous bird species that uses the Cheakamus River, and like the 
kingfisher it eats fish almost exclusively although it may occasionally complement its diet with 
ducks, amphibians, crabs and carrion (Robertson Environmental Services, 2003). The osprey 
hunts from flight and perch (BC Conservation Data Centre, 2006).  The osprey is a summer 
resident to the area and has been noted as nesting along the Cheakamus River on BC Hydro 
transmission lines (Robertson Environmental Services, 2003).  The osprey starts its southward 
migration in August and is completely gone in September to November (BC Conservation Data 
Centre, 2006).  Although a raptor, for the purpose of this assessment the osprey was considered 
to be represented by the kingfisher as they occupy the same food niche.   
 
The belted kingfisher was considered an appropriate receptor species for the Cheakamus River 
based on the following information: 

• It is a year round resident and characteristic of the area; 
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• Uses the area for feeding and breeding; 

• Has social significance; and, 

• Potentially sensitive to indirect exposure effects of the NaOH event through the loss of 
food sources. 

4.7 Selected Aquatic Receptors 

Similarly to the process used to select terrestrial receptors, the same selection criteria were 
applied to the preliminary list of aquatic receptors (Table 4-11 and Appendix II) and species 
which gained the highest “rank” were chosen as suitable receptors for the effects assessment.  In 
addition to the selection criteria for terrestrial receptors (Table 4-9), fish were also selected based 
on their use of the assessment area, that is “fish should be residing or using the habitat as part of 
their life cycle at the time of the spill (August 2005)”. The B.C. Conservation Data Centre 
(2006), Fish Information Summary System (FISS) and Lewis and Guy (1996) were consulted to 
compile the fish species list. The selected aquatic receptors are listed in Table 4-11 while the 
rationale supporting their selection is further described in Section 4.7.1. 
 
Table 4-11. Aquatic Receptors selected for the assessment 
Animal 
Community 

Animal Class Selected Species 

Primary Consumer Invertebrate Benthic Invertebrates 
Omnivore Fish Pacific Lamprey 
Insectivore Fish Coastrange Sculpin 
Piscivore Mammal Harbour Seal 
 Fish Steelhead Trout 
  Chinook Salmon 
  Coho Salmon 

4.7.1 Additional Rationale for Selected Aquatic Receptors 

Benthic Invertebrate Community 

The benthic invertebrate assemblage of the Cheakamus River comprises a number of species, 
however, for the purposes of this assessment benthic invertebrates will be assessed at the 
community level.  Benthic macroinvertebrates  reside  in the stream substrate and include aquatic 
insects, crustaceans, annelids, molluscs, nematodes, snails and planarians.  Benthic invertebrates 
provide an important food source for many species of fish, amphibians, birds, reptiles and 
mammals in either the larval or adult phases. 
 
The benthic invertebrate community was considered an appropriate receptor group for the 
Cheakamus River based on the following information: 

• It has high ecological significance, contributing to the food base for a number of species, 
with the loss of this receptor group having the potential to cause a cascade of adverse 
effects; 

• The benthic invertebrate community will represent all species of benthic invertebrates 
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found in the river; and, 

• The receptor is sensitive to direct effects from the NaOH event.   

A detailed assessment of the direct effects of the spill on benthic invertebrates is available in 
Triton, 2007 thus direct effects are not treated in the present report. Conclusions of the Triton 
2007 report have been used to assess the ability of benthic invertebrate to serve as food resource 
for subsequent receptors. 

Pacific Lamprey (Lampetra tridentata) 

There are two species of lamprey recorded in the Cheakamus River, the Pacific lamprey 
(Lampetra tridentata) and western brook lamprey (L. richardsoni) (McCubbing et al., 2006).   
 
The Pacific lamprey are anadromous and can remain as ammocoetes (i.e., juveniles) in shallow, 
usually silty backwaters for up to five years before metamorphosing into adults and migrating to 
the ocean (Beamish, 1980).  Once at sea, they become parasitic to other fish for at least one year 
before returning to freshwater in the spring to spawn, where they die soon after (Beamish, 1980).  
Adults are parasitic on fish in the marine phase, while the ammocoetes filter feed on plant and 
animal materials (BC Conservation Data Centre, 2006).  The adults have been observed to feed 
on chinook salmon, coho salmon, steelhead trout and various other species of marine fish as well 
as some cetaceans (Beamish, 1980).   
 
Lamprey eggs and young ammocoetes are preyed upon by sculpins and salmonids, with an 
experiment on western brook lamprey showing the smallest ammocoetes were readily eaten by 
coho salmon fry (Scott and Crossman, 1973).  However, larger ammocoetes and adults are 
thought to secrete a distasteful fluid and are subsequently rejected by predators.  Ammocoetes 
are however used as bait therefore this reaction may only be exhibited by certain species (Scott 
and Crossman, 1973). 
 
The Pacific and western brook lamprey were both recorded as “severely impacted” by the NaOH 
event (McCubbing et al., 2006).  They were using the river at the time of the event with an 
estimate upward of 5,000 individuals thought to have been killed (McCubbing et al., 2006).   
 
The Pacific lamprey is considered an appropriate receptor for the Cheakamus River based on the 
following information: 

• Lamprey were using the river at the time of the spill, in adult and ammocoete stages; 

• It has ecological significance with eggs and young ammocoetes providing a food source 
for salmonids and other species (Scott and Crossman, 1973);  

• Can be used as an indicator species for the lesser studied western brook lamprey also 
found in the river; 

• Sensitive to direct exposure effects from NaOH; and, 

• Information is available for this species from other areas in BC (e.g., Fraser River) 
(Beamish and Levings, 1991). 
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Coastrange Sculpin (Cottus aleuticus) 

Two species of sculpin inhabit the Cheakamus River, the coastrange sculpin (Cottus aleuticus) 
and prickly sculpin (C. asper). The coastrange sculpin is found in swift riffle areas, over gravel 
bottoms, in streams and rivers, and they make an annual downstream migration to the estuary to 
spawn (Ministry of Fisheries, 1999). Spawning occurs from February to mid-June, with larger 
females laying up to 800 eggs (Ministry of Fisheries, 1999).  The adults move back upstream 
after spawning and live from four to seven years (Ministry of Fisheries, 1999).  The coastrange 
sculpin feeds mainly on benthic invertebrates and some aquatic invertebrates (e.g., snails, clams) 
and they will also eat salmonid eggs when available (BC Conservation Data Centre, 2006).  
 
Sculpins were reported to be “severely impacted” by the NaOH spill, with over 178,500 
estimated as having been lost from the Cheakamus River (McCubbing et al., 2006).   
 
The coastrange sculpin was considered an appropriate receptor species for the Cheakamus River 
based on the following information: 

• It was using the river at the time of the spill and is recorded as being “severely impacted” 
(McCubbing et al., 2006);  

• Has ecological significance as a food source for salmonids, it is preyed upon by coho 
salmon (Oncorhynchus kisutch) and cutthroat trout (O. clarkii) (BC Conservation Data 
Centre, 2006); 

• Surrogate species for the prickly sculpin; and, 

• Sensitive to direct exposure effects from NaOH. 

Steelhead Trout (Oncorhynchus mykiss)  

Some stocks of steelhead trout (Oncorhynchus mykiss) are of “conservation concern” in British 
Columbia (Lill, 2002) however, they are not a provincially listed species (BC Conservation Data 
Centre, 2006).  Steelhead trout have a complex life history with differing freshwater and ocean 
residency, and unlike other salmonids they do not always die after spawning (Lill, 2002).  
Typically there are two runs of steelhead entering freshwater to spawn, the “summer run” and the 
“winter run”. The summer run enters freshwater between spring and late summer where the fish 
remain until they spawn the following spring while the winter run enters rivers in late fall or 
winter, and spawns at approximately the same time as the summer run fish (Lill, 2002).  In the 
Cheakamus River, adult steelhead typically enter the river between January and May.  Steelhead 
spawn between April and June, and although the majority of fish do not return to spawn again, a 
portion of fish (typically 10-30%) can survive to spawn in subsequent years.  Eggs are deposited 
in the gravel, and free-swimming fry emerge from the gravel approximately three to four months 
later in July and August.  Juvenile steelhead rear in freshwater and feed opportunistically on 
terrestrial and aquatic insects or salmon eggs when they are available. Steelhead juveniles 
migrate to the ocean, typically in their second or third year as “smolts” at approximately 180 mm 
in length and weighing 50 g, although some progeny from sea-going parents may also remain 
naturally in fresh water.  Ocean residency time for steelhead is variable with adults typically 
spending between two and three years in the ocean before returning to their natal stream to 
spawn as adults between 4 and 10 kg (Triton, 2006b). 
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Juvenile steelhead trout were reported to be severely impacted by the derailment with mortalities 
estimated at 90% for the spring 2004 brood year, 80% for the spring 2005 brood year and 70% 
for the spring 2003 brood year impacted by the spill (McCubbing et al., 2006).   
 
Steelhead trout was considered an appropriate receptor species for the Cheakamus River based 
on the following information: 
 

• 2003-2005 brood years were heavily impacted; 

• Steelhead use the Cheakamus River for spawning and rearing habitat; 

• Have high social significance of recreational and commercial importance;  

• Have ecological significance as a food source for piscivorous and omnivorous receptors; 

• They are well studied in the Cheakamus River; and, 

• Steelhead juveniles were sensitive to direct exposure effects from NaOH. 

Chinook Salmon (Oncorhynchus tshawytscha) 

Chinook salmon (Oncorhynchus tshawytscha) are anadromous fish migrating to natal streams in 
the spring, summer and fall (BC Conservation Data Centre, 2006).  Eggs hatch within two 
months and the young remain in the gravel for two to three weeks, and can remain in freshwater 
for up to three years (BC Conservation Data Centre, 2006).  Adults die soon after spawning.  In 
freshwater the juveniles feed opportunistically on terrestrial and aquatic insects, while adults 
mainly eat fish (BC Conservation Data Centre, 2006).  In the Cheakamus River, adult chinook 
typically enter the river between mid July and September, and spawning occurs between 
September and October. Eggs are deposited in the gravel, and free-swimming fry emerge from 
the gravel approximately five months later between February and March.  Migration studies in 
the Cheakamus River have shown approximately 90% of juvenile chinook leave the river soon 
after emergence (within 90 days). Chinook juveniles following this type of life history cycle are 
generally referred to as “ocean type” chinook. These juveniles move directly from the 
Cheakamus and Squamish rivers to the ocean, and it is suspected these fry spend a considerable 
amount of time in estuarine and tidal freshwater habitats before moving off shore into the marine 
waters of Howe Sound.  Approximately 10% of the juvenile chinook will remain in freshwater 
and rear for one year feeding typically on terrestrial and aquatic insects before leaving the river 
the following spring as one year old “smolts”. Chinook juveniles following this type of life 
history cycle are generally referred to as “stream type” chinook.  Ocean residency time for 
chinook salmon can be highly variable with adults spending between 1 and 6 years in the ocean, 
and migrating vast distances before returning to their natal stream to spawn (Triton, 2006b). 
 
It was reported an estimated 50% of the 2005 adult chinook run may have been in the river at the 
time of the derailment (McCubbing et al., 2006).   
 
Chinook salmon was considered an appropriate receptor species for the Cheakamus River based 
on the following information: 

• 50% of the 2005 adult chinook run was estimated to have been impacted by the spill; 
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• Chinook use the Cheakamus River for spawning and rearing habitat; 

• Have high social significance for recreational, commercial and First Nation fisheries;  

• Have ecological significance as a food source for piscivorous and omnivorous receptors; 
and, 

• Chinook adults and parr were sensitive to direct exposure effects from NaOH. 

Coho Salmon (Oncorhynchus kisutch) 

Coho salmon (Oncorhynchus kisutch) are anadromous. Adults migrate upstream in summer and 
fall to spawn, and eggs are deposited at the head of riffles in several redds constructed by the 
female (BC Conservation Data Centre, 2006).  Young spend anywhere from two weeks to two 
years in freshwater before migrating to sea. They prefer pools with a large amount of woody 
debris (BC Conservation Data Centre, 2006).  Fry feed on a variety of aquatic invertebrates; parr 
feed on aquatic insects and their larvae, terrestrial insects and some small fishes and at sea they 
primarily feed on other fishes and some invertebrates (BC Conservation Data Centre, 2006).  
 
Coho salmon were affected by the NaOH event with an estimated 50% of the juveniles from the 
2004 brood year and 10% from the 2003 brood year having been killed (McCubbing et al., 
2006).  Minimal impact was estimated for adults being at sea at the time of the spill (McCubbing 
et al., 2006).   
 
Coho salmon was considered an appropriate receptor species for the Cheakamus River based on 
the following: 

• Juveniles were heavily impacted by the spill; 

• Coho salmon use the Cheakamus River for spawning and rearing habitat; 

• Have high social significance for recreational, commercial and First Nation fisheries;  

• Have ecological significance as a food source for piscivorous and omnivorous receptors; 
and, 

• Coho juveniles were sensitive to direct exposure effects from NaOH. 

Harbour Seal (Phoca vitulina) 

Although not a resident of the Cheakamus River, the harbour seal (Phoca vitulina) is a species 
that frequents Howe Sound. Harbour seals are also known to follow fish several hundred 
kilometres up major rivers, and some inland lakes have permanent populations (Eder and Pattie, 
2001).  Harbour seals primarily feed on fish, including salmon and to a lesser degree molluscs, 
cephalopods and crustaceans (Eder and Pattie, 2001). They belong to the “true seal” family; they 
cannot rotate their rear hind flippers or support their weight with their fore flippers as do “eared 
seals” (e.g., Northern sea lion, Eumetopias jubatus).  Harbour seals are occasionally observed in 
the lower reaches of the Cheakamus River (L.J. Wilson, Outback Adventures, Squamish, pers. 
comm. 2006).  The harbour seal is not a listed species; however it represents species at the top of 
the food chain that could be exposed to indirect effects of reduced fish populations.   
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Detailed population studies are available for the harbour seal from the Strait of Georgia, BC.  
The population of harbour seals has shown a steady increase with a growth rate of 11.5 % per 
annum occurring during the 1970’s and 1980’s, which began to slow in the 1990’s and 
populations were reported to have stabilized in the late 1990’s (Olesiuk, 1999).  The stabilizing 
of populations is thought to reflect historic numbers.  
 
The harbour seal was considered an appropriate receptor species for the Cheakamus River based 
on the following information: 

• Has ecological significance as a “top order” predator in the marine food chain, using 
Howe Sound as a feeding area; 

• High social significance; 

• Surrogate species for other “top order” predators in the marine food chain; and, 

• Potential for indirect exposure to the NaOH event through reduced food source. 

4.8 Aspects/Values used in Characterizing the Effec t  

For each selected receptor, the aspects/values considered in characterizing the effect were 
identified based on the exposure and stressor information obtained during the analysis phase of 
the assessment. The aspects/values identified fall into the following categories: 
 

• Availability of food resource for a given receptor; 

• Ability of a given receptor to serve as a food resource for subsequent receptor(s); and, 

• Direct effect of the spill on a given receptor. 

 
The availability of food resources for a given receptor was considered in the context of allowing 
the receptor to maintain its population size within natural variability and persist within the 
assessment area. As mentioned in the methodology section, due to the absence of baseline data 
for most of the selected receptors, the assessment of effect consists of a qualitative judgment 
(using qualitative matrices) identifying potential “red flags” rather than a quantitative description 
of effects. The aspects considered for each selected receptor are summarized in Table 4-12. 
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Table 4-12. Selected aspects/values considered in characterizing the ecological effect for 
each receptor 
 

Receptors Availability of food 
resource 

Ability to serve as 
food resource 

Direct effect 

Mink X  X 
Bald eagle X   
Black bear X  * 
Common merganser X  * 
Canada goose X  * 
Common water shrew X X  
American dipper X  * 
Tailed frog  X X 
Great blue heron X  * 
Belted kingfisher X  * 
Benthic invertebrates  X ** 
Pacific lamprey  X ** 
Coastrange sculpin  X ** 
Harbour seal X  * 
Steelhead trout  X ** 
Chinook salmon  X ** 
Coho salmon  X ** 
 
*Direct effects were considered possible but not significant thus the assessment was based on the 
indirect effect as described in Section 4.5. 
 
**Mortalities of fish and benthic invertebrates caused by direct exposure to NaOH were assessed 
in McCubbing et al., 2006 and Triton, 2007, respectively, and thus have not been analyzed as 
part of this report. In the context of this assessment of effects, only the ability of fish and benthic 
invertebrates to serve as food resource for subsequent receptor(s) has been assessed.   
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5.0 Exposure and Effects Analysis 

The exposure analysis described how the selected receptors were potentially exposed to the 
stressor either directly or indirectly. The exposure was characterized in terms of (Table 5-1):  

• Extent: extent of the effect. Geographic extent could range from local to regional to 
provincial. 

• Frequency: recurrence interval of effects. Frequency could be isolated (specified period), 
periodic (intermittent) or continuous. 

• Duration:  how long an effect (direct and indirect) may occur. 
 
The potential effects were analysed in terms of (Table 5-1): 

• Magnitude: absolute or relative change in the size or function of the considered 
aspect/value of the receptor within the assessment area, in relation to the state of the 
receptor in the study area. Magnitude could be high, moderate, low or nil. (e.g., % of 
change in the dietary resource of a predator). 

• Reversibility: extent to which the effect could be naturally reversed. 
 
The effect was qualitatively characterized as high, moderate, low or nil using a linear table 
approach subsuming the above criteria (Table 5-2). The likelihood of occurrence of effects was 
also determined (Table 5-3).  Finally, narrative explanations were provided for each ranking 
including an indication of the level of confidence associated with each effects characterization 
(Table 5-4). Note within the scope of this high level screening assessment only adverse effects 
were identified. Beneficial effects for a particular species (e.g., decline in predator species) were 
not considered. 
 
Site-specific information on ecological interactions (e.g., predation) among the receptors selected 
was limited, thus the scientific literature was reviewed to obtain information on diet and 
behaviour to identify and characterize these potential interactions. 
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Table 5-1. Effect and exposure criteria definitions  
Criteria Criteria Rating and Definition 

 
Magnitude  Nil No change from background conditions. 

 Low Some individuals are affected but not the population or ecosystem 
functions. 

 Moderate The population/ecosystem structure is affected but not the ecosystem 
functions.  

 High Ecosystem functions are affected. 

Extent of effect Local Effects occurring mainly within the spill site (at location of 
derailment). 

 Regional Effects occurring in the assessment area (South of Daisy Lake dam 
to Squamish River Estuary). 

 Provincial Effects extend outside of the regional surroundings, but within 
provincial setting. 

Frequency of effect Continuous Effects occurring continually. 
 Periodic  Effects occurring intermittently, but repeatedly over the year. 
 Isolated Effects confined to a specified period. 

Duration of effect Short-term Effects occurring within a month of the spill.  
 Long-term Effects occurring after the spill but diminishing with time (within 5 

years). 
 Residual Effects persisting indefinitely. 

Reversibility 
(Ability to recover) 

Reversible  Effects are reversible and diminish with time. 

 Irreversible Effects are not reversible and do not diminish with time. 

Source: Adapted from Bico Environmental Consulting (2001) and Triton (2005) 
 
Table 5-2. Effect rating table 
Magnitude  Extent Frequency  Duration Reversibility Effect 
High 
 

Any Any Any Any 

Moderate Any Any Residual Any 

High  

Moderate Regional 
or Local 

Any Long-term, 
short-term 

Reversible 

Low Any Any Long-term, 
residual 

Irreversible 

Moderate 

Moderate Local Isolated or 
Periodic 

Short term Reversible 

Low  Regional, 
or Local  

Any Short term Reversible 

Low 
 

Nil Any Any Any Any Nil 
The magnitude, extent, frequency, duration and reversibility criteria shown in the five first columns are summed in 
this table to obtain an effect rating ranging from high to low. The obtained effect rating is shown in the last column 
(six). 
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Table 5-3. Likelihood of effect criteria definitions  
Criteria Criteria Rating and Definition 

 
Likelihood (probability 
of occurrence) 

Nil Will not occur. 

 Unlikely Could occur at some time or only in exceptional circumstances (<30%). 

 Possible Will probably occur at some time (30% to 70%). 

 Certain Is expected or probably will occur in most circumstances (>70%). 

Source: Adapted from MHS & MWLAP, 2005 

 
Table 5-4. Confidence rating criteria definitions  
Criteria Criteria Rating and Definition 

 
Confidence rating Low Based on incomplete understanding of cause-effect relationships and 

incomplete data pertinent to study area. 
 Moderate Based on good understanding of cause-effect relationships using 

data from elsewhere or incomplete understanding of cause-effect 
relationship using data pertinent to study area. 

 High Based on good understanding of cause-effect relationships and data 
pertinent to study. 

Source: Adapted from Bico Environmental Consulting (2001) and Triton (2005) 
 
The rankings obtained for each selected receptor are provided in Section 6.0. 
 



Screening Level Assessment of Ecological Effects  June 2007 

FINAL REPORT  Page 56 
Prepared by Triton Environmental Consultants Ltd. 

6.0 Effect Characterization  

The effect and likelihood ranking obtained during the analysis phase of the assessment was used 
to characterize the potential overall ecological effect of the derailment on each selected receptor. 
The potential overall ecological effect was qualitatively characterized by multiplying the effect 
by the likelihood of occurrence (Table 6-1).  
 
Table 6-1. Qualitative overall ecological effect analysis matrix  

Likelihood Effect 
Certain Possible Unlikely Nil 

High Very High High Moderate Nil 
Moderate High Moderate Low Nil 
Low Moderate Low Low Nil 
Nil Nil Nil Nil Nil 

 
The ecological effect was characterized for the seventeen selected receptors (Table 6-2). The 
resulting overall ecological effect ranking was as follows: 

• 1 Very high, 

• 1 High,  

• 7 Moderate,  

• 7 Low, and 

• 1 Nil  
 
Very high and high overall ecological effect rankings were obtained for coastrange sculpin and 
steelhead trout. The value assessed for these receptors was their capacity to serve as a food 
source for subsequent aquatic and/or terrestrial receptors. Moderate overall ecological effect 
rankings were also obtained for some of these aquatic receptors (same value considered). The 
difference between very high, high and moderate rankings was mainly due to a difference in life-
cycle and presence in the assessment area at the time of the derailment as well as results of the 
emergency impact assessment completed by McCubbing et al.  (2006). Most semi-aquatic and 
aquatic piscivores scored moderate rankings.  Low rankings were generally obtained for 
receptors either contributing to a small percentage of the food resource of their predator(s), or for 
receptors having a varied and opportunistic diet. Nil rankings were obtained in cases where the 
magnitude of effect and/or the likelihood of effect were ranked as nil.  Narratives for each 
receptor analyzed are provided below with a rationale and indication of the level of confidence 
associated with each effects characterization. Results are presented in ascending order in the 
trophic chain. 
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Table 6-2. Summary of ecological effect for each receptor  
Receptors Effect Likelihood Ecological Effect 
Aquatic primary consumer 

Benthic Invertebrates Low Unlikely Low 
Aquatic insectivore 

Coastrange sculpin High Certain Very High 
Aquatic omnivore 

Pacific Lamprey Moderate Possible Moderate 
Aquatic piscivore 

Steelhead Trout High Possible High 
Chinook Salmon Moderate Possible Moderate 

Coho Salmon Moderate Possible Moderate 
Harbour Seal Low Unlikely Low 

Terrestrial piscivore 
Great blue heron Moderate Unlikely Low 

Belted Kingfisher Moderate Possible Moderate 
Aquatic insectivore 

Common water shrew Low Unlikely Low 
American dipper Moderate Possible Moderate 

Tailed Frog Moderate Possible Moderate 
Terrestrial herbivore 

Canada goose Nil Nil Nil 
Terrestrial carnivore 

Mink Low Unlikely Low 
Bald eagle Moderate Unlikely Low 

Terrestrial omnivore 
Common merganser Moderate Possible Moderate 

Black bear Moderate Unlikely Low 

6.1 Aquatic Receptors 

6.1.1 Primary consumers 

Benthic Invertebrates 

Effect Ranking: Low 
Likelihood: Unlikely 
Ecological Effect: Low 
 
Benthic macroinvertebrate samples have been collected to measure the status and recovery of the 
river in the weeks and months after the spill. Analysis and interpretation of benthic 
macroinvertebrate results followed the Canadian Aquatic Biomonitoring Network (CABIN) 
assessments protocols and the Reference Condition Approach (RCA). Results indicate rapid 
recovery in the community structure, abundance and biomass and affected areas returning to 
reference conditions within weeks of the spill (Triton, 2007).     
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Based on the above information the effect was ranked as low based on a low magnitude, a 
regional extent, an isolated frequency and a short-term duration. The effect was characterized as 
reversible with effects diminishing with time. The likelihood of there being an effect to the 
ecosystem from reduced benthic invertebrate populations was ranked as unlikely due to the 
observed rapid recovery within weeks of the spill. 
 
This ecological effect rating was determined with a high level of confidence as there is 
information on the actual level of natural recovery in the assessment area. 

6.1.2 Insectivores 

Coastrange Sculpin 

Effect Ranking: High 
Likelihood: Certain 
Ecological Effect: Very high 
 
Coastrange sculpin are known to inhabit the Cheakamus River as well as the Squamish River 
Estuary during their early life stage (Triton, 2006b). McCubbing estimated 90% of the adult, parr 
and fry population of sculpins present in the river at the time of the derailment were impacted 
(McCubbing et al., 2006). During the emergency impact assessment it was observed coastrange 
sculpins were more numerous among dead sculpins, however, the reason behind this difference 
has not been identified to date (e.g., habitat, selective mortality and/or life history) (Triton, 
2006b). Subsequent post-spill monitoring also indicated a 94% reduction in observed sculpin 
abundance (McCubbing et al., 2006). Surveys conducted in May 2006 have reported the 
presence of sculpins in the Cheakamus River; however, distribution was limited to its lower 3 
kilometres (Triton, 2006b). 
 
Based on the above information, the overall ecological effect was ranked as high; the assessment 
found the derailment likely affected the coastrange sculpins capacity to serve as a food source for 
aquatic and/or terrestrial piscivores and omnivores. The effect ranking was described as high and 
was based on a high magnitude, a regional extent, a continuous frequency, a potential residual 
effect persisting indefinitely, and an unknown reversibility. The likelihood of an effect on the 
ecological function of coastrange sculpin was rated as certain. 
 
This ecological effect rating was determined with a moderate level of confidence as there is no 
information on actual level of natural recovery and little information on the coastrange sculpin 
life-history in the assessment area. 

6.1.3 Omnivore 

Pacific Lamprey 

Effect: Moderate 
Likelihood: Possible 
Ecological Effect: Moderate 
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Ecological effects for the Pacific lamprey was characterized based on the species ability (at the 
egg and early ammocoete stage) to serve as a food source for salmonids and other species. 
McCubbing et al. (2006) indicated the magnitude of the impact of the spill on lamprey was likely 
large affecting multiple cohorts of lamprey, including young of the year, untransformed 
ammocoetes, newly transformed sub-adults and resident full adults. However, surveys conducted 
in May 2006 targeted at lamprey have documented the presence of a variety of age classes of 
lamprey in suitable habitats, and within the spill affected portion of the Cheakamus River.  The 
results of early 2006 sampling efforts suggest mortality for lamprey was not as widespread as 
other species, since lamprey have been captured representing a variety of size ranges. More 
information on the impact to Pacific lamprey can be found in Triton (2006b). 
 
Based on the above information, the overall ecological effect of the derailment on the Pacific 
lamprey’s capacity to serve as a food source for aquatic and/or terrestrial piscivores and 
omnivores was rated as moderate. The effect was ranked as moderate based on an unknown 
magnitude, a regional extent, a periodic frequency and a possible long-term duration. The 
reversibility nature of the effect was characterized as unknown. The likelihood of there being an 
effect to the lamprey ecological function was considered as possible, in that it will probably 
occur (30-70%).     
 
A low level of confidence was applied to this assessment as some of the effect rankings could 
not be determined due to an incomplete understanding of the life history of the lamprey 
population in the assessment area and the lack of current abundance and distribution information.  

6.1.4 Piscivore 

Steelhead Trout 

Effect Ranking: High 
Likelihood: Possible 
Ecological Effect: High 
 
Adult steelhead enter the Cheakamus River between January and May and spawn between April 
and June thus it was estimated no adults were affected by the derailment (McCubbing et al., 
2006). Free-swimming fry emerge after three or four months (July and August) and juveniles 
migrate to the ocean in their second to third year (Triton, 2006b). McCubbing et al. estimated 
90% of the juvenile rainbow trout, including steelhead were impacted with effects to future 
populations from 2008 – 2010 and unknown effects in 2011 (McCubbing et al., 2006). Reduced 
adult steelhead returns are expected for 2008 from the 2004 brood year and 2009 returns are 
predicted at less than 10% of recent escapements with the combined 2003 and 2004 affected 
brood years (McCubbing et al., 2006).   
 
Based on the above information, the overall ecological effect of the derailment on steelhead’s 
capacity to serve as a food source for aquatic and/or terrestrial piscivores and omnivores was 
rated as high.  The effect was ranked as high based on a high magnitude, a regional extent, an 
either unknown or continuous frequency, a residual duration and an unknown reversibility. The 
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likelihood of there being an effect to the steelhead ecological function was rated as possible, in 
that it will probably occur (30-70%).   
 
The rating was determined with a high level of confidence, as McCubbing et al. (2006) gave a 
high level of confidence to their estimate obtained during the emergency impact assessment and 
pre-spill data are available for the assessment area. 

Chinook Salmon 

Effect Ranking: Moderate 
Likelihood: Possible 
Ecological Effect: Moderate 
 
Adult chinook salmon enter the Cheakamus River between July and September and spawn 
between September and October with fry emerging between February and March. (McCubbing 
et al., 2006). McCubbing et al. (2006) estimated 50% of the 2005 chinook adult population, and 
90% of parr juveniles had been impacted by the derailment.  The majority of juvenile salmon 
have been observed to migrate out of the Cheakamus River within 90 days of emergence (Triton, 
2006b). McCubbing et al. (2006) indicated adult returns in 2009 may be reduced by as much as 
50%.  
  
Based on the above information, the overall ecological effect of the derailment on chinook’s 
capacity to serve as a food source for aquatic and/or terrestrial piscivores and omnivores was 
rated as moderate.  The effect was ranked as moderate based on a moderate magnitude of effect, 
a regional extent, a possibly continuous frequency and a long-term duration. The magnitude of 
effect was considered moderate as the timing of chinook’s fry presence in the system overlap 
with those of fry from pink, coho and chum providing a wider food basis to predators.  The effect 
was also characterized as reversible and diminishing with time. The likelihood of there being an 
effect to the ecological function of the chinook was ranked as possible, in that it will probably 
occur (30-70%).   
 
A moderate level of confidence was associated to this assessment as McCubbing et al. (2006) 
rated the level of confidence associated with numbers of chinook killed as “medium” for adults 
and ‘high’ for juveniles, but the full effect to returning adults is not fully understood. 

Coho Salmon 

Effect Ranking: Moderate 
Likelihood: Possible 
Ecological Effect: Moderate 
 
Adult coho salmon enter the Cheakamus River between October and December and spawn 
between November and December with fry emerging between March and April (McCubbing et 
al., 2006). Juveniles remain in freshwater for one year. Adult coho were not impacted by the spill 
as they had not yet entered the river to spawn. It was estimated 90% of juvenile coho residing in 
the mainstem at the time of the spill were killed.  Effects were less severe in off-channel habitats 
and some of the constructed side channels, which are estimated to provide 50% of the annual 
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smolt production (McCubbing et al., 2006).  In general McCubbing et al. (2006) estimated the 
spill would reduce the 2006 smolt production by 50%, which is expected to impact returns in 
2006 and 2007. 
 
Based on the above information, the overall ecological effect of the derailment on the capacity 
for coho to serve as a food source for aquatic and/or terrestrial piscivores and omnivores was 
rated as moderate. The effect was ranked as moderate based on a moderate magnitude, a regional 
extent, a continuous frequency and a long-term duration. The effect was also characterized as 
reversible and diminishing with time.  The likelihood of there being an effect to the coho 
ecological function was ranked as possible, in that it will probably occur (30-70%).   
 
This ecological effect rating was determined with a high level of confidence, based on a good 
understanding of cause-effect relationships and data pertinent to the study area. 

Harbour Seal 

Effect Ranking: Low  
Likelihood: Unlikely 
Ecological Effect: Low 
 
The harbour seal is an infrequent visitor to the Cheakamus River. It has a highly adaptable and 
opportunistic diet and can travel vast distances in search of food. The harbour seals have an at 
sea foraging area of 267 km2 for adults and 385 km2 for sub-adults, additionally, it can forage up 
to 10 km offshore (BC Conservation Data Centre, 2006).  In 1999, the number of harbour seals 
counted was 37,257 individuals in the Straight of Georgia and their abundance had reached a 
plateau suggesting the population had stabilized at carrying capacity (Olesiuk, 1999). There are 
isolated reports of resident freshwater harbour seals in Canada (BC Conservation Data Centre, 
2006) however, there is no indication there are resident harbour seals in the Cheakamus River.  
They are however reported in Howe Sound with numbers usually increasing in October to 
November to approximately 40-50 individuals (cited in Olesiuk et al., 1990). 
 
There will be reduced salmonid escapements from the Cheakamus River into Howe Sound in 
future populations, although this affect is expected to decline over time.  Survivorship data has 
indicated, “multiple brood years of the majority of salmonid and all non-salmonid species will be 
depressed in the future” (McCubbing et al., 2006). A detailed analysis of the composition of the 
harbour seal diet is available for the Strait of Georgia.  Their diet was dominated by Pacific hake 
(Merluccius productus) and herring (Clupea sp.) (42.6% and 32.4% respectively) with salmonids 
comprising 4% of the overall diet (Olesiuk, et al., 1990).  Olesiuk et al. (1990) report an increase 
in predation on salmon in estuaries during July-August and peak in September-November.  The 
Squamish River estuary was sampled by Olesiuk et al. (1990) but only one scat was analysed 
and it was comprised of 96.4% hake and 3.3% herring.  Olesiuk et al. (1990) estimated during 
the entire year (83-95%) of harbour seals reside outside of estuaries, but do move into estuaries 
as salmon concentrate en route to spawning.    

 
The Strait of Georgia data indicate the harbour seal is an opportunistic predator in that, diets 
varied regionally and seasonally depending on the local availability of prey (Olesiuk et al., 
1990).  The effect of reduced salmon escapements to harbour seals in the assessment area is 
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unknown however, based on the low overall composition of salmonids in their diet, their ability 
to forage over vast distances and the opportunistic nature of their feeding it is considered to have 
an overall low adverse ecological effect on the harbour seal population using Howe Sound.  
 
In using a worst case scenario for the assessment and considering the harbour seal does consume 
salmonids as a portion of its diet, the effect ranking was low and determined based on the 
magnitude of effects ranked as low and a likelihood of their being an effect to the harbour seal 
ranked as unlikely that is it could occur at some time or only in exceptional circumstances 
(<30%).   
 
The ecological effect rating was determined with a high level of confidence based on data 
pertinent to the study area.  

6.2 Semi-Aquatic and Terrestrial Receptors 

6.2.1 Piscivore 

Great Blue Heron 

Effect Ranking: Moderate 
Likelihood: Unlikely 
Ecological Effect: Low 
 
The great blue heron is a year round resident of the assessment area. However, population 
estimates for the area were not found thus the importance of the assessment area to the overall 
population of great blue herons along the coast is unknown. Great blue herons are usually 
observed to nest in colonies in woodlands within a few kilometres of their main feeding area 
(Canadian Wildlife Service, 2002). The coastal population of great blue herons, for the Strait of 
Georgia, is estimated between 3000 and 6000 birds (Gebauer and Moul, 2001).  More accurate 
population estimates are not available as great blue herons readily abandon colonies and move 
frequently making accurate estimates difficult (Gebauer and Moul, 2001). 
 
Great blue herons mainly eat small fish (less than half the length of its bill), although they have 
also been observed to complement their diet with voles, amphibians (mostly frogs), shellfish, 
insects, reptiles and small birds (Gebauer and Moul, 2001).  Eggs are laid in April, incubation 
lasts for a little more than a month and fledging success depends upon parents providing a 
sufficient food source when nestlings are 2-6 weeks old (Gebauer and Moul, 2001).  The effect 
of “changes in fish stocks in prime feeding grounds on the number of heron” is unknown and has 
been identified as an information gap by Gebauer and Moul (2001). For the purpose of this 
assessment, it has been assumed reduced fish numbers may potentially impact the blue heron 
population present in the assessment area.   
 
Bald eagles are a well known predator of great blue heron colonies (eggs and young) and there 
has been concerns raised over increasing bald eagle numbers on the west coast of BC and its 
implications to the reproductive success and overall sustainability of local blue heron populations 
(Gebauer and Moul, 2001).  For the purposes of this assessment, it has been assumed predators 
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such as the bald eagle may be supplementing their diets with blue heron eggs and young where 
fish numbers have been reduced. 
 
The great blue heron is a highly mobile species and although their diet largely consists of various 
fish species it is also commonly observed feeding in upland areas on voles, which highlights the 
opportunistic nature of its feeding (Gebauer and Moul, 2001). Based on movements, potential for 
an opportunistic diet and the unknown importance the Cheakamus River area has to the overall 
population of the great blue heron the overall ecological effect was ranked as low. The effect was 
ranked as moderate based on a moderate magnitude of effect with some individuals affected but 
not the population or ecosystem functions. The extent of effect was described as regional with 
periodic frequency and long-term duration. The effect was also described as reversible and 
diminishing with time. The likelihood of there being an effect to the overall population of the 
great blue heron in the region was ranked as unlikely in that it could occur at some time (<30%). 
 
The ecological effect rating was determined with a moderate level of confidence based on an 
understanding of cause-effect relationships but with no data pertinent to the study area. 

Belted Kingfisher 

Effect Ranking: Moderate 
Likelihood: Possible 
Ecological Effect: Moderate 
 
The belted kingfisher is a year round breeding resident in the assessment area (Robertson 
Environmental Services, 2003.). Belted kingfishers are piscivores, mainly preying on fish up to 9 
cm in length swimming near the surface or in shallow water (BC Conservation Data Centre, 
2006; U.S. EPA, 1993). They catch their prey by diving from a perch overhanging the water or 
after hovering above the water (U.S. EPA, 1993). Several studies have reported the belted 
kingfisher generally fish for the prey which is most available and thus can have varying diets 
among different waterbodies and/or seasons (U.S. EPA, 1993). Stomach content analysis of 
belted kingfisher found in riparian areas in Nova Scotia indicated one-year old salmon and 
sticklebacks were consumed in the highest percentage followed by trout and salmon fry (42, 30, 
15 and 11 percent respectively). Belted kingfishers have also been observed to feed on crabs, 
mussels, frogs, toads, insects, salamanders, young birds, mice and berries when their favoured 
food become scarce (U.S. EPA, 1993). Food availability has also been linked as one of the 
factors influencing the belted kingfisher reproduction location (Kelly and Van Horne, 1997).  
Belted kingfisher need clear water to see their prey and are rarely observed in areas where water 
becomes turbid (U.S. EPA, 1993).   
 
Based on the above information, the overall ecological effect was ranked as moderate as the 
derailment had the potential to affect the kingfisher food resources in the assessment area.  The 
effect was ranked as moderate based on a moderate magnitude, a regional extent, a periodic 
frequency and a long-term duration. The effect was also characterized as reversible and 
diminishing with time.  The likelihood of there being an effect to the food resource supporting 
the population of belted kingfisher in the region was characterized as possible in that it will 
probably occur at some time (30-70%).  
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This ecological effect rating was determined with a moderate confidence level, based on an 
understanding of cause-effect relationship with no data pertinent to the study area. 

6.2.2 Insectivores 

Common Water Shrew 

Effect Ranking: Low 
Likelihood: Unlikely 
Ecological Effect: Low 
 
The common water shrew is widely distributed in BC and has been observed along the 
restoration channels of the North Vancouver Outdoor School (Triton, 2006b). The common 
water shrew is adapted to aquatic life. Although the majority of the common water shrews diet 
consists of aquatic insects it is described as an opportunistic predator also consuming slugs, 
earthworms, spiders and other small terrestrial insects, small fishes, salamander larvae, fish eggs, 
planarians, snails and even some plant material and fungi (BC Conservation Data Centre, 2006). 
The common water shrew has two main active periods, from sunset to four hours past sunset and 
just before sunrise (BC Conservation Data Centre, 2006).  Common water shrew predators 
include fish (mainly trout), mink, weasels, snakes, otters and occasionally hawks and owls (BC 
Conservation Data Centre, 2006).   
 
Based on the ecosystem aspect/value characterization of the shrews’ ability to provide a food 
source for its predators in the Cheakamus River post spill, the overall ecological effect was rated 
as low. The effect ranking was low based on a low magnitude, a regional extent, an isolated 
frequency and a short-term duration. The effect was characterized as reversible and diminishing 
with time.  The likelihood of there being an effect to the common water shrew predators post 
spill was characterized as unlikely (i.e., it could occur at some time <30%).  The life history of 
this species supports the assessment findings as the common water shrew was unlikely to be 
using the river at the time of the spill, and being an opportunistic predator itself it could 
potentially substitute its own food source. A variety of predators prey upon the common water 
shrew and while the assessment has not ruled out the potential for the spill to have impacted 
individuals, effects to the ecosystem function as a result was considered low.   
 
A low level of confidence was applied to this assessment. Although there is an understanding of 
a cause-effect relationship, there is no data pertinent to the study area (e.g., abundance, life 
history). 

American Dipper 

Effect Ranking: Moderate 
Likelihood: Possible 
Ecological Effect: Moderate 
 
The American dipper is a passerine species commonly observed in the assessment area. While no 
information specific to the assessment area was evident from the literature reviewed, Morrissey 
et al. (2004a) studied the migratory pattern of the American dipper on the Chilliwack River, BC 
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and indicated peak density occurring in early November. The population in November was 
observed to be five times higher than the populations in July. The author also reported the 
majority (79-90%) of the population migrated seasonally with the remaining (10-16%) staying 
on the river year round (Morrissey et al., 2004a). Should the American dipper show a similar 
migratory pattern in the assessment area, it could be assumed the winter migrants were not using 
the river at the time of the spill while river residents may have been present.  
 
Feck and Hall (2004) indicated in drainages of Wind River and Wyoming, USA, the American 
dipper abundance was correlated to the abundance of certain benthic macroinvertebrate taxa 
(Drunella sp. and Heptageniidae) rather than the total invertebrate abundance. Post-spill benthic 
macroinvertebrate data indicate the presence of Heptageniidae in sites upstream and downstream 
of the derailment site (Triton, 2007). Other genera of Heptageniidae (e.g., Cinygmula, Epeorus) 
were observed to be well represented throughout the area (Triton, 2007).  Drunella sp. was also 
observed in the Cheakamus River but not in high abundance (up to 5% of species estimates) 
(Mike McArthur, Triton, pers. comm., 2006).  The American dippers’ diet also includes fish fry 
and salmonid eggs (Morrissey et al., 2004a, 2004b). Morrissey et al. (2004a) observed resident 
American dippers eating a higher percentage of fish (42% ± 7%) than migrants (22% ± 6%). 
Additionally, American dippers foraging in salmon streams in southeastern Alaska were 
observed to consume 1.8 eggs/minute versus 0.6 invertebrates/minute in non-spawning reaches 
(Obermeyer et al., 1999).   
 
As indicated in the information above fish fry can account for a relatively high proportion of the 
American dipper diet, and especially in resident birds. Although the benthic invertebrate 
communities in the Cheakamus River experienced a rapid recovery, considering the potential 
fish component in the American dipper diet, the overall ecological effect was ranked as 
moderate, in that the assessment found it was possible the spill would affect the American dipper 
food resources in the assessment area. The effect was ranked as moderate based on a moderate 
magnitude, a regional extent, a periodic frequency and a long-term duration. The effect was also 
characterized as being reversible and diminishing with time. The likelihood of there being an 
effect to the American dipper population in the assessment area was ranked as possible. 
 
The level of confidence associated with this assessment was ranked as moderate as it is based on 
an understanding of cause-effect relationships using data from studies on another geographical 
area.  No data on American dipper populations, dietary preferences and migratory status is 
available for the Cheakamus River watershed.   

Coastal Tailed Frog 

Effect Ranking: Moderate 
Likelihood: Possible 
Ecological Effect: Moderate 
 
There are no population estimates for the coastal tailed frog in BC, however 40 to 60 percent of 
the creeks surveyed on the coast of BC reported an occurrence of the species (cited in Ministry 
of Water, Land and Air Protection, 2004).  The literature reviewed did not indicate the coastal 
tailed frog was found in the Cheakamus River, however, its habitat requirements (streams less 
than 15 meter wide, fast flowing water, low percent of sand cover, low temperatures, cobble 
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substrate) and studies conducted on populations in low order streams in nearby stream basins 
(e.g., Squamish, Elaho and Mamquam rivers) (Wahbe and Bunnell, 2003) indicate the coastal 
tailed frog may be present in some areas along the Cheakamus River. Coastal tailed frogs tend, 
however, to prefer streams with few or no fish present (Ministry of Forests and Range, 2003) and 
breed in streams draining basin areas less than 50 km2 with larval abundance observed to be 
highest in creeks draining basins between 0.3 to 10 km2 (Ascaphus Consulting, 2003). 
 
At the time of the spill, eggs, tadpoles and/or adults may have been present in the Cheakamus 
River as the coastal tailed frog breeds from May to October with eggs laid mostly in July and 
hatching from August to September (BC Conservation Data Centre, 2006). Tadpoles can 
metamorphose anywhere from 2 to 5 years (Corkran and Thoms, 1996).  Adults generally remain 
in the water which they leave only at night and only at time of high humidity (Ministry of Forest 
and Range, 2003). Recent studies have found newly metamorphosed tailed frogs a hundred 
metres away from the nearest stream indicating early age-classes were capable of upland 
movements (Wahbe et al., 2000). 
 
Adult coastal tailed frogs feed mostly on food items obtained on land within a hundred metres of 
the creek (e.g., arthropods, spiders, ants, ticks, mites) while tadpoles eat diatoms from submerged 
rocks as well as algae (Ministry of Forests and Range, 2003).  
 
The coastal tailed frog is preyed upon by American dippers, garter snakes, trout, western toads 
and coastal giant salamanders (Morrissey and Olenick, 2004). However, as mentioned above, in 
the assessment area these predators do not feed exclusively on the coastal tailed frog.   
 
The above information indicates the Cheakamus River is likely not part of the preferred habitat 
of the coastal tailed frogs, as they prefer streams draining smaller basins and containing few to 
no fish, however, based on the “worst case scenario” principle it was assumed tailed frogs could 
be present in the Cheakamus River. Based on the above information, the overall ecological effect 
of the derailment on the coastal tailed frog (eggs, tadpoles and adult stages) capacity to serve as 
food source for aquatic and terrestrial predators residing in the assessment area was rated as 
moderate. The effect was ranked as moderate based on a moderate magnitude of effect, a 
regional extent, an isolated frequency and a short-term duration. The effect was rated as 
moderate since none of the identified aquatic and terrestrial predators are feeding exclusively on 
tailed frog.  The effect was characterized as reversible and diminishing with time. The likelihood 
of there being an associated effect to the ecosystem from effects of the NaOH spill to the tailed 
frog was ranked as possible. 
 
This ecological effect rating was determined with a low level of confidence, based on an 
understanding of cause-effect relationships but in the absence of site-specific data (e.g., 
occurrence, abundance). 

6.2.3 Herbivore 

Canada Goose 

Effect Ranking: Nil 
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Likelihood: Nil 
Ecological Effect: Nil 
 
The Canada goose is a year-round resident of the assessment area (although some components of 
the local population may be migratory).  Canada geese feed on terrestrial and aquatic vegetation 
and grains and concentrate in areas where food is abundant (U.S. EPA, 1993). They prefer 
certain foods but have been observed to change their diet in function of the availability of a food 
type. For example they consume green crop (e.g., winter wheat) during the fall but switch to food 
richer in energy during the winter (e.g., corn) or they have been observed to forage on rhizomes 
of Potamogeton richardsonii at low water level and switch to other plants when the water levels 
increase. Canada geese favour eating the blade tips of many plants as these have a higher 
nitrogen and protein content such as marsh grasses (Spartina spp.) and rushes (Juncus gerardi) 
(U.S EPA, 1993). 
 
There is limited information on the aquatic vegetation of the assessment area.  Aquatic plants 
have been observed to have a wide pH tolerance and some authors have indicated they should 
not be impacted by shifts of 2-3 pH units (see Section 4.2).   
 
Based on the above information, the overall ecological effect was ranked as nil. Some aquatic 
plants in the assessment area may have been affected by the derailment; however it is unlikely 
plant mortality significantly reduced the Canada goose diet. The effect was ranked as nil based 
on a magnitude described as nil, a regional extent, and an isolated frequency. The effect was also 
described as having a short-term duration and being reversible and diminishing with time.  
 
A moderate level of confidence was applied to this assessment as it was based on some 
understanding of cause-effect relationships but with no data pertinent to the study area. 

6.2.4 Carnivores 

Two terrestrial carnivores, one mammal (mink) and one bird (bald eagle) were selected as 
surrogate species for this animal group.  The overall ecological effect was ranked as low for the 
mink and low for the bald eagle, as detailed below. 

Mink 

Effect: Low 
Likelihood: Unlikely 
Ecological Effect: Low 
 
Mink are opportunistic carnivores preying on whatever prey is more abundant (e.g., muskrats, 
frogs, birds, waterfowl, insects, crustaceans and fish) (U.S. EPA, 1993). The literature does not 
always agree on the mink food type consumption. The U.S. EPA indicates mammals are 
considered the mink’s most important prey year-around with fish supplementing their diet in 
winter (U.S. EPA, 1993). On the other hand, the BC Ministry of Environment indicates aquatic 
organisms make up almost 100% of the mink diet with fish contributing up to 50% (MELP, 
1996). Mink have been observed returning continually to specific locations where prey is 
concentrated (Hatler and Beal, 2003).  Mink are known to be sensitive to chemicals which 
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bioaccumulate within the food chain such as PCBs. NaOH does not adsorb on particulate matter, 
surface or living tissue and does not bioaccumulate in the food chain. Consumption of fish killed 
subsequent to NaOH exposure would not have had an adverse effect on the mink. Additionally, 
mink are predominantly nocturnal hunters, thus direct exposure to the NaOH plume is unlikely to 
have occurred as the derailment occurred at 7:00 am and its effect on the rivers water quality 
lasted for approximately 6 hours. Mink are also described as solitary with the same gender home 
range not overlapping (U.S. EPA, 1993). Note, in the context of this assessment, direct contact 
such as dermal absorption or surface water ingestion was not considered a plausible pathway 
(Refer to Section 4.5). The fact that no mink carcasses were observed along the foreshore of the 
Cheakamus River during the Emergency Assessment supports the validity of this assumption. 
Note, average longevity for wild mink has been reported to be about three years (Hatler and 
Beal, 2003). 
 
In characterizing the overall ecological effect on mink a “worst case scenario” assumption was 
made in that it was assumed the mink diet consisted mainly of aquatic organisms. The overall 
ecological effect was ranked as low with effects potentially occurring at the individual level but 
not at the population level. The effect was characterized as low based on a low magnitude, a 
regional extent and a periodic frequency.  The duration of the effect was considered to be short-
term and reversible with any potential effect diminishing with time.  
 
A moderate level of confidence was associated with this effect ranking as no site-specific 
population figures or information is available for this species. 

Bald Eagle  

Effect: Moderate 
Likelihood: Unlikely 
Ecological Effect: Low 
 
The Cheakamus River is a recognized valuable area for wintering bald eagles, with numbers in 
the Squamish Valley reported to exceed other wintering areas in the U.S. as well as other areas in 
south western BC (Booth and Merkens, 2000).  Of the 30,000 bald eagles estimated in Canada, 
28,500 were estimated to be in BC, (Blood and Anweiler, 1994).  In the Brackendale area 
population numbers have been recorded each January since 1986. The total number of eagles 
ranged from 537 in 1986 to 3769 in 1994 (Brackendale Art Gallery, 2006).  During the last 21 
years, the average number of total eagles was 1750.24 (1164.43 for adults, 528.81 for juveniles 
and 57 for unclassified eagles).  In 2006 a total of 1684 eagles were observed including 1124 
adults, 497 juveniles and 63 unclassifiable. In 2007, a total of 1757 eagles were observed 
including 1126 adults, 617 juveniles and 14 unclassifiable. The total number of eagles was 
slightly below the 20 year average in 2006 and slightly above it in 2007. Eagles congregate in the 
assessment area from mid November to mid February, with the highest densities recorded near 
the Cheakamus and Squamish Rivers’ confluence (Booth and Merkens, 2000).  The eagles tend 
to congregate in areas with extensive networks of gravel bars, where the highest deposition of 
salmon carcasses occur (Booth and Merkens, 2000). 
 
The majority of the over-wintering population congregates in the assessment area to coincide 
with the large chum salmon run occurring over the winter. Bald eagles, including the resident 
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population, would likely also utilize other salmonids in the assessment area as a food source 
including chinook, whose peak spawning occurs from August to September and coho which 
spawn in late summer to fall and into December. The emergency impact assessment conducted 
by McCubbing et al. (2006) indicated the derailment occurred well in advance of the chum 
salmon migration and spawning period. No adverse population impacts occurred to the 2005 
adult chum or juvenile population (Triton, 2006b). The emergency impact assessment indicated 
both chinook and coho salmon were impacted. It was estimated 50% of the 2005 chinook adult 
population and 90% of parr juveniles from the 2004 brood year were impacted. No adult coho 
salmon from the 2005 brood year were reported impacted, however, it was estimated that 50% of 
fry juveniles present in the river at the time of the spill were impacted (McCubbing et al., 2006).   
 
Bald eagles are known as opportunistic feeders, taking whatever food source (carrion, fish, 
waterfowl, seabirds and mammals) is more abundant and easy to capture or scavenge (U.S. EPA, 
1993). They have the ability to supplement their diet with other fauna if the fish food resource 
becomes limited.  For example, bald eagles have been observed to steal food from hawks, osprey 
and/or gulls or even other members of their own species when one of their primary food sources 
decreases (U.S. EPA, 1993). Additionally, bald eagles will move great distances to take 
advantage of seasonal food resources. In BC, interior populations have been observed to move to 
the coast when streams and lakes ice over, and movements also occur between Alaska, southern 
U.S. states and Canada (Blood and Antweiler, 1994). Seasonal food availability is the 
determining factor for these migrations.   
 
Bald eagles scavenge on dead or dying prey and are known to be vulnerable to biomagnification 
of contaminants in the food chain (U.S. EPA, 1993). As NaOH does not adsorb on particulate 
matter, surface or living tissue and does not bioaccumulate in the food chain, consumption of 
dead or dying fish subsequent to the spill would not have had an adverse effect on eagles. No 
observations of eagles congregating to the Cheakamus River to feed on dead fish were reported 
during the days following the spill.  
 
Based on the above information, it was considered unlikely the derailment affected bald eagle 
food sources to such extent that it would not support resident or over wintering populations in the 
assessment area within the range of natural variability. The effect was characterized as moderate 
based on a moderate magnitude, a regional extent, a periodic frequency and a long-term duration 
with the potential for reduced food sources occurring after the spill but diminishing with time. 
The potential effects were also considered to be reversible.  
 
A moderate level of confidence was applied to the effect ranking. Although bald eagle 
population numbers are available there are no long-term post-derailment data to determine the 
potential cause-effect relationship with confidence. 
 
Anecdotal discussions with at least one rafting company operating on the river did not indicate 
there had been a drop in bald eagle sightings and the number of raft trips had not noticeably 
declined. 
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6.2.5 Omnivores 

Two terrestrial omnivores, black bear and common merganser, were selected as surrogate species 
for this animal group.  The overall ecological effect for the terrestrial species was ranked as low. 

Common Merganser 

Effect: Moderate 
Likelihood: Possible 
Ecological Effect: Moderate 
 
The common merganser is a year-round resident of the assessment area and has been observed to 
frequent the Cheakamus River (McIntosh and Robertson, 2001). Note, common mergansers 
frequent the coast of British Columbia year round, however, denser concentrations are observed 
from November to March (Baron and Acorn, 1997). The common merganser diet consists 
mainly of fish, amphibians, crustaceans, invertebrates and some plant material (BC Conservation 
Data Centre, 2006).  Adults mainly consume fish while aquatic insects are a primary source of 
food for young birds. Common mergansers are known to be active predators of juvenile 
salmonids (Martel and Dill, 1995). The British Columbia Ministry of Environment estimated an 
adult common merganser ingests approximately 300 grams of food per day, with 100% 
consisting of aquatic organisms (MELP, 1996). Another Canadian study estimated young 
mergansers could consume up to 200 grams of sub-yearling chinook per day, with a brood of ten 
ducklings potentially ingesting 2 kilogram of fish per day in the summer (BioAnalysts 2000 cited 
in Hagar Environmental Science, 2002). 
 
In characterizing the overall ecological effect to the common merganser a “worst case scenario” 
assumption was made in that it was assumed the common merganser diet consists mainly of 
aquatic organisms. The overall ecological effect was ranked as moderate. The effect was ranked 
as moderate based on a moderate magnitude with some effect potentially occurring at the 
population level but not at the ecosystem level. The extent of effect was described as regional, 
the frequency as periodic and the duration as short-term and reversible with potential effects 
diminishing with time.  The likelihood of there being an effect to the common merganser 
population was ranked as possible.   
 
A moderate level of confidence was applied to this assessment as the ranking was based on an 
understanding of cause-effect relationships with no data pertinent to the study area. 

Black Bear 

Effect: Moderate 
Likelihood: Unlikely 
Ecological Effect: Low 
 
The black bear is an opportunistic feeder, feeding on a wide variety of berries, horsetails, catkins, 
mammals, fish and carrion in function of their abundance. Berries and spawning salmon are 
described as key food resources during the fall (Robertson Environmental Services Ltd., 2003). 
The black bear has a large home range, with male home ranges in western Canada reported 
between 55 and 125 km2 and females between 10 and 125 km2 (Robertson Environmental 
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Services, 2003). A proportion of the black bear’s food resource may have been affected in the 
fall of 2005 following the NaOH spill and subsequent fish kill. Following the spill, concerns 
were expressed by some local residents regarding the effect of eating dead or dying fish on the 
health of the bears. As NaOH does not adsorb on particulate matter, surface or living tissue and 
does not bioaccumulate in the food chain, consumption of dead or dying fish would not have had 
an adverse effect on the black bear population.  
 
Based on the above information, the overall ecological effect rating from this assessment for the 
black bear was low indicating the potential for some individuals to have been affected, but an 
unlikely rating of an effect to the black bear population in the assessment area.  The effect was 
characterized as moderate based on a low magnitude, a regional extent, a periodic frequency and 
a long-term duration with the potential for reduced food sources occurring post-spill but 
diminishing with time. The potential effect was also considered reversible. The low overall 
ecological effect ranking reflects the adaptable and opportunistic nature of the black bears diet 
and its ability to move large distances in search of food.   
 
A moderate level of confidence was applied to this assessment as no site-specific population 
figures or information was available. 
 
Table 6-3 summarizes the effect ranking and overall ecological effect obtained for each selected 
receptor. 
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Table 6-3. Effect ranking obtained for each selected receptor 
Receptor Magnitude Frequency Duration Reversibility Effect Likelihood Overall 

Effect 
Benthic 

Invertebrates Low Isolated Short-term Reversible Low 

Unlikely LOW 

Coastrange 

Sculpin High Continuous Residual Unknown High 

Certain  VERY HIGH 

Pacific Lamprey Unknown Periodic Long-term Unknown Moderate Possible MODERATE 

Steelhead High Continuous/ 

Unknown 

Residual Unknown High Possible HIGH 

Chinook Moderate Continuous Long-term Reversible Moderate Possible MODERATE 

Coho Moderate Continuous Long-term Reversible Moderate Possible MODERATE 

Harbour Seal Low Isolated Unknown Reversible Low Unlikely LOW 

Great Blue Heron Moderate Periodic Long-term Reversible Moderate Unlikely LOW 

Belted Kingfisher Moderate Periodic Long-term Reversible Moderate Possible MODERATE 

Common Water 

Shrew Low Isolated Short-term Reversible Low 

Unlikely LOW 

American Dipper Moderate Periodic Long-term Reversible Moderate Possible MODERATE 

Tailed Frog Moderate Isolated Short-term Reversible Moderate Possible MODERATE 

Canada Goose Nil Isolated Short-term Reversible Nil Nil NIL 

Mink Low Periodic Short-term Reversible Low Unlikely LOW 

Bald Eagle Moderate Periodic Long-term Reversible Moderate Unlikely LOW 

Common 

Merganser Moderate Periodic Short-term Reversible Moderate 

Possible MODERATE 

Black Bear Low Periodic Long-term Reversible Moderate Unlikely LOW 

Note: The extent of effect was rated as Regional for each selected receptors. 
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7.0 Assumptions and Uncertainties 

Given the broad scope of the assessment and the limited amount of available data, uncertainties 
exist in numerous areas, including, but not limited to, stressor concentrations, stressor toxicity to 
the selected receptors and receptor site-specific information such as occurrence, abundance and 
diet composition. These uncertainties may result in either over- or under-estimation in the 
ranking of the overall ecological effect.   
 
In the context of this assessment, where uncertainties existed, a conservative approach was taken 
in order to skew and, in the interest of safety, overestimate potential effects. The limitations and 
sources of uncertainty in this assessment are outlined below. While it is possible others may 
exist, it is likely their impact on the characterized ecological effects would be comparatively 
minor, and would likely only have minor influence on the results and/or conclusions expressed in 
this report.  
 

• Based on the available physicochemical water quality data it was assumed the hyper 
alkaline plume of sodium hydroxide traveled down the assessment area within a 5 to 7 
hour period. 

• The potential effects are based on the hydroxyl ion and pH effect. It was assumed that 
any exothermic effects would have been localized to the spill site at the point of 
discharge. 

• The seventeen selected receptors are considered the most representative of the assessment 
area and its trophic relationships as well as being appropriate surrogates for their animal 
community.  

• The effect on benthic macroinvertebrates was assessed at the community level, while all 
other receptors were assessed at the population level.   

• Based on the lack of population specific information for most of the selected receptors, 
expect fish, the method adopted is reflective of a higher level/red flag approach using 
judgment and inference to identify plausible exposure scenarios and potential effects to 
populations. 

• Where the scientific references provided different diet compositions for a given receptor, 
the information favouring a diet consisting of aquatic organisms was selected (e.g., 
mink). 

• Where no site-specific information (e.g., life history, diet) was available for a given 
receptor, information obtained from other studies completed in similar environments in 
North America was used.   

• It was assumed receptors considered to be opportunistic feeders and having a varied diet 
could substitute one food type for another in times of shortages (e.g., black bear and bald 
eagle).   

• When site-specific information was missing for a given receptor, “worst case scenario” 
assumptions were made in characterizing overall ecological effects. This conservative 
approach may overestimate the potential effects.  
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8.0 Conclusions 

Based on the observations and information discussed above, the following conclusions can be 
drawn: 

• The derailment resulted in a hyper alkaline pulse disturbance resulting in a one-time 
direct effect on aquatic species present in the river (e.g., benthic macroinvertebrates, 
fish); 

• Sampling and analytical results confirmed sodium hydroxide did not persist in the 
environment;  

• Direct effects in turn, lead to indirect effects with one receptor’s response potentially 
becoming a stressor to a subsequent receptor along the trophic chain;  

• As sodium hydroxide does not bioaccumulate in the trophic chain, the conceptual model 
indicated the indirect effect could be described mainly as the capacity of a given receptor 
to serve as a food source for subsequent aquatic and/or terrestrial receptors; 

• Seventeen (17) receptors were selected out of a preliminary list including two hundred 
and thirty three (233) receptors. The seventeen receptors were selected as most 
representative of the assessment area as well as surrogates for their specific animal 
community; 

• Overall ecological effects on the seventeen selected receptors were characterized as: one 
very high, one high, seven moderate, seven low, and one nil rankings; 

• Very high and high overall ecological effects rankings were obtained for coastrange 
sculpin and steelhead trout based on their capacity to serve as a food source for 
subsequent aquatic and/or terrestrial receptors. In these cases, it was concluded the 
structure and function of the population at the ecosystem level had potentially been 
affected. Most semi-aquatic and terrestrial piscivores (e.g., belted kingfisher, common 
merganser) scored moderate rankings based on potential effect to their food resources. In 
these cases, it was recognized, effects could occur at the structure level but not at the 
function level.  Low rankings were generally obtained for receptors either contributing to 
a small percentage of the food resource of their predator(s) (e.g., water shrew) or for 
receptors having a varied and opportunistic diet (e.g., black bear and bald eagle. Nil 
rankings were obtained in cases where it was estimated the derailment did not have any 
plausible effects to a given receptor (e.g., Canada goose); 

• This screening assessment of effects indicates the Cheakamus River ecosystem seems to 
be functioning and the spill has not had a defined adverse effect on receptor populations. 
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9.0 Recommendations 

The assessment of ecological effects has led to several recommendations, which are presented 
below. These recommendations are outlined at a “high level” and represent potential next steps, 
which may be necessary to refine and or develop recovery strategies. 
 
1. Ongoing monitoring of the two species which scored very high and high ratings (coastrange 

sculpin and steelhead, respectively) should continue. Monitoring results should be used to 
confirm the assessment ratings, assess natural recovery and develop or refine recovery 
strategies if considered necessary. Ongoing monitoring programs include the Non-
anadromous Reach Fish Sampling Program, the Cheakamus River Resident Fish Abundance 
Monitoring Program and the Char Adult Enumeration Study. Details on these monitoring 
programs are available online at http://www.certc.ca/publications_maps.shtml 

 
2. Monitoring of fish species which scored moderate rating (anadromous salmonids and Pacific 

lamprey) should continue. Ongoing monitoring should be used to gauge longer-term effects, 
confirm assessment ratings, assess natural recovery and refine or develop recovery strategies, 
if considered necessary. Ongoing monitoring programs include the Non-anadromous Reach 
Fish Sampling Program, the Cheakamus River Resident Fish Abundance Monitoring 
Program and the Char Adult Enumeration Study. Details on these monitoring programs are 
available online at http://www.certc.ca/publications_maps.shtml 

 
3. A wildlife observation form should be developed and used to record wildlife observations 

occurring during the ongoing monitoring programs.   
 
4. Monitoring programs for species other than fish which scored moderate rating (Belted 

kingfisher, American dipper, common merganser and tailed frog) are being considered and 
should be developed if deemed necessary. As no background information exists for these 
species in the Cheakamus River watershed, it will be difficult to relate observations to pre-
spill conditions. Information collected could be considered in the context of building a 
baseline database and updating effects ratings. 

 
5. The need to adjust the effect assessment ratings should be reviewed as site-specific 

information becomes available as part of ongoing recovery plans and associated monitoring. 
 
6. Findings of the ecological effects assessment should be presented to the CERTC and the 

Stakeholder Team. 
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