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ABSTRACT 

The purpose of this study was to determine the water quality of Paradise Creek and its 

impacts on the ecosystem of Paradise Meadows. Five water samples each were taken from a 

reference site and two test sites during the spring runoff over a 30 Day period.  The results 

indicated that 3 of the 31 parameters measured exceeded the British Columbia Water Quality 

Guidelines for Aquatic Health. Seventeen of 31 parameters measured were statistically different 

between the reference and a test site. Benthic invertebrates were sampled during the low flows in 

the fall at a test site and reference site. The results showed that the test site had a reduction of 

biological abundance and diversity, and a different population structure compared to the 

reference site. The water chemistry analysis and the biological sampling suggest that the water 

quality of Paradise Creek and aquatic ecosystem of Paradise Meadows are being impacted.  
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CHAPTER 1: INTRODUCTION 

Water is essential for life not just to humans but to other organisms as well. The quality 

of our water is impacted by what we do to the natural landscape. There has been research on how 

resource extraction activities such as forestry and mining, as well as the effect of urbanization, 

has on water quality but the research on the impact that a ski resort has on water quality is 

limited (Wemple, Shanley, Denner, Ross, & Mills, 2007). The characteristics of alpine areas 

attract people but at the same time cause these areas are more sensitive to human development.  

Steep slopes attracted skiers and hikers, but promote sedimentation; cool temperatures 

bring abundant snows but create a harsh environment for vegetation; the thin soils that 

give way to spectacular rock outcrops, but provide little buffer to store water or 

pollutants; and the beautiful mountain streams, whose balance of pools and riffles is 

easily upset by inputs of too much water or too much sediment or both (Wemple et al., 

2007).  

These characteristics are true for the Mount Washington and Paradise Meadows areas. Like 

many alpine areas little has been scientifically researched in the Paradise Meadows area. Given 

their high recreational value, proper management techniques or practices need to be based on 

scientific knowledge, which will ensure the sustainability of those characteristics as described by 

Wemple et al (2007) which will continue to attract people to the areas now and into the future. 

An ecosystem based management plan commissioned by BC Parks was conducted in 2002 for 

Paradise Meadows by Saxena, O'Leary and Decoursey (2002). This plan included ecosystem 

mapping of the Meadow, but no research has been done on the hydrology and how water quality 

could potentially impact the aquatic ecosystem of Paradise Meadows.  
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Paradise Meadows 

Paradise Meadows is located on the east coast of Vancouver Island in Strathcona Park 

(Appendix A), British Columbia’s oldest provincial park. The portion of the park where Paradise 

Meadows is located, known as Forbidden Plateau (Appendix B), is situated at the base of Mount 

Washington Alpine Resort (Appendix C). The ecosystem of Paradise Meadows is sub alpine 

meadow and is considered rare (Saxena et al., 2002). The development of the meadows has been 

in the absence of large scale natural disturbances, such as landslides and forest fires.  

Paradise Meadows is located entirely within the Mountain Hemlock Moist Maritime 

Biogeoclimatic Zone (MHmm1) and experiences high precipitation (Saxena et al, 2002). A large 

proportion of the precipitation is in the form of snow. The Meadows are subject to mild 

temperatures with regular colder air flows from higher altitudes. High water tables are common 

as a result of the high accumulation of precipitation combined with poorly drained organic soils. 

There is a network of streams and tributaries that contribute to the aquatic habitat of the area. 

These streams and tributaries give rise to wetted areas such as bogs. The bogs are rich in 

nutrients due to the high water tables limiting the growth of trees. These nutrient rich bogs 

provide breeding habitat for north western and long toed salamanders, newts, tree frogs, and 

western toads. Other distinctive or significant wildlife in the Paradise Meadows include the 

muskrat, bald eagle, golden eagle and the three-toed woodpecker. Two provincially blue listed 

plants can be found in Paradise Meadows as well; Menzies’ Burnet and Sphagnum. Paradise 

Meadows acts as a filtration and storage system which provide downstream communities with 

clean water while protecting them from potential floods (Saxena et al, 2002).    
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Paradise Meadows drains into Paradise Creek flowing eastward into Browns River which 

subsequently flows into the Puntledge River and the ocean. The distance and travel time from the 

Meadows to the ocean is a concern as contaminants have the potential to move quickly through 

the hydrological system. Contaminants introduced into Paradise Meadows that are not filtered or 

stored could potentially cause negative impacts on downstream communities. Much of the upper 

reach of the meadows is accessible by board walk and is a popular walking trail. The board walk 

is also the gateway to more trails and recreation areas beyond Paradise Meadows.   

Mount Washington Ski Resort 

Mount Washington lies on the eastern edge of the Vancouver Island Mountain Range and 

its summit is at an elevation of 1,590 m above sea level. The resort has approximately 55 km of 

groomed ski trails and 20 km of winter trails for cross country skiing and snow shoeing. A 

portion of these trails are located in Paradise Meadows. The resort is a ski hill and is comprised 

of two ski lodges, shops, restaurants and condos and chalets to accommodate 4,000 guests at full 

capacity. The average temperature in the winter is -2 degrees Celsius. The combination of being 

located on the coast of British Columbia, the altitude and the cool winter temperatures bring 

snow falls that are amongst the highest recorded in the world, creating large snow packs and high 

spring runoff flows (Mount Washington, 2012).   

The Connection Between the Park and the Resort 

Access to Paradise Meadows and Mount Washington is via the Strathcona Parkway 

(Provincial Highway #28). The trail head of Paradise Meadows as well as the access to the 

Mount Washington Nordic Skiing area are located 2.5 kilometres off the parkway along Nordic 

Road. Nordic Road separates the ski resort from the provincial park with the resort on the uphill 
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side of the road whilst the Park occupies the downward side. Two of the main water courses that 

make up the headwaters of Paradise Creek originate at the base of the Mount Washington ski 

area. The two water courses are in the form of a series of ditches and open channels with 

corrugated steel pipes directing flows under road ways. These ditches flow next to a ski chalet 

style resort, along some roads, and eventually cross Nordic Road through culverts before 

entering Paradise Meadows. There are several other minor drainage courses that contribute to the 

headwaters of Paradise Creek. Though these water courses only drain a small portion of land 

they include several ditches which could potentially be large storage areas for snow from winter 

road maintenance. During the winter months road maintenance which includes ploughing, 

sanding, and salting, results in a mixture of sand, salt and snow accumulating along the road 

edges (i.e., shoulders) and the ditches. With the arrival of spring and the warmer weather, the 

melting of the snow on the road edges and the ditches, releases the accumulated sand and salt 

mixture into the meltwaters. Not only does the sand and the salt have a potential to wash into the 

meltwater but so do other contaminants associated with vehicles such as heavy metals. The 

transportation of the sand, salt and other contaminants into Paradise Creek could negatively 

impact the Paradise Meadows ecosystem. The recreational development activities and the 

urbanization of the resort area; the proximity of Paradise Meadows to Mount Washington Alpine 

Resort; and the location of the Paradise Creek headwaters in relation to those activities,  create 

concern due to  the potential impacts that these land developments can have on nearby streams 

and wetlands (Province of British Columbia, 2001). 
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Research Design 

The purpose of this research project was to determine the water quality of Paradise Creek 

and the potential impacts the water quality could have on the stream aquatic ecosystem. This was 

done by a literature review; benthic invertebrate sampling; collection and lab analysis of water 

samples and a comparison of the results of the lab analysis to British Columbia provincial water 

quality guidelines. 

Research Questions 

The study addressed the following research questions: 

Does the water quality of Paradise Creek meet provincial guidelines?  

If the water quality does not meet provincial guidelines;  

Has the water quality negatively impacted the ecosystem of Paradise Meadows?  

What are possible sources of contamination? 

What are possible solutions to improve water quality?  

If the water quality does meet provincial guidelines;  

Has it negatively impacted the ecosystem of Paradise Meadows?   

What could be done to ensure water quality does not become an issue in the 

Paradise Meadows and Paradise Creek?  
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Research Methods 

Water samples were collected from three sites along Paradise Creek and its tributaries to 

provide an overall characterization of the water quality within Paradise Creek The selection of 

sampling sites was conducted in consultation with British Columbia Ministry of Environment, 

ensuring ministry interests and concerns were considered and that the information gathered will 

become part of a provincial water quality database. Three sampling sites were chosen comprising 

of the following:  

 Site 1 – the reference site located on the main channel in an area of limited impacts from 

upstream disturbances;  

Site 2 – a test site located on a tributary that originates from the base of the ski resort;  

Site 3 – a test site located furthest downstream on the main channel of Paradise Creek 

below another tributary that originates from the base of the ski resort. 

Protocols described in the British Columbia Field Sampling Manual 2003 Edition 

(Province of British Columbia, 2003) were used for sampling at three sites.  Temperature, 

dissolved oxygen and conductivity were measured in the field using field instruments while 

laboratory analysis was done by a provincially certified laboratory. The results of the laboratory 

analysis were evaluated using BC Water Quality Guidelines. The water chemistry results from 

another study (Barlak, R., Epps, D., & Obee, N., 2010) were used as a local comparison. 

Biological sampling of the creek and taxonomic identification was conducted according to 

Canadian Aquatic Biomonitoring Network (CABIN) protocols (Environment Canada, 2011).  An 

F-test and T-test was performed on the water quality data in order to accept or reject the Null 

hypothesis. 
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Null Hypothesis 

Ho: µ1= µ2 & µ3 

Alternative Hypothesis  

Ha: µ1≠µ2 & µ3 

Where; µ1 is the water quality of Site 1 the reference site, µ2 is the water quality of Site 2 

and µ3 is the water quality of Site 3. Since there was a visual indication that sediment transport 

was occurring from tributaries into Paradise Creek during the high spring runoff flows, it was 

expected that the null would be rejected and the alternative hypothesis would be accepted. 
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CHAPTER 2: LITERATURE REVIEW 

Impacts of Land Use  

 The introduction of people to the landscape impacts the hydrology of the area. As people 

move in vegetation is removed or altered, soil is compacted and the ground is covered with 

impermeable features. This alteration to the land impacts the way that water interacts with the 

landscape and can lead to impacts on water courses downstream and ultimately the water quality. 

These potential impacts include alteration of the local hydrology, sedimentation, nutrient 

loading, and the introduction of contaminants such as metals, non-metals and bacteria. 

Hydrology 

The hydrology of a mountainous area is influenced by steeper slopes and thinner soils, as 

compared to the terrain at lower elevations. The deeper soils in areas below mountainous terrain 

offer a greater capacity to store water and act as a buffer during high storm flows as they release 

the water at a slower rate (Shanley & Wemple, 2002). The steep slopes and shallow soils in 

mountainous areas create a hydrograph where the peak stream flow and return to base flow is 

more rapid than those streams in less mountainous terrain. The result is that flow volumes and 

velocity during peak flow periods are higher causing the potential for an increase in 

sedimentation. The combination of the steep slopes and shallow soils make alpine areas 

susceptible to erosion and sedimentation. The development of an alpine resort in this terrain 

could make the area more susceptible to further disturbance.   

 While the  development of a ski resort is similar to forestry activities (i.e., large portions 

of the land are affected in the removal of the timber and overburden), the development of a ski 
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resort differs in several ways: the removal of vegetation is permanent; ski trails follow 

gravitational paths; activities associated with resort development such as snow management are 

not associated with forestry practices; and, the construction drainage networks often follow the 

development of ski trails and impermeable surfaces such as roads, driveways and rooftops 

(Wemple et al., 2007).  

Fifty percent of total precipitation becomes runoff in alpine areas (Wemple et al., 2007) . 

A portion of the remainder of the water is absorbed into plants by transpiration and either 

incorporated into the plant biomass through photosynthesis or evaporated from the surface of the 

leaf.  The removal or alteration of vegetation alters the hydrological cycle by changing or 

removing the process of evapotranspiration as well as reducing the protection the soil has from 

direct impact from rainfall. Vegetative roots reduce the rate of subsurface flow and assist in 

binding soils together. Removal of this root system increases the rate of erosion.  

The removal of trees and the organic layer leads to the increase of surface water runoff 

and decreases the amount of moisture storage within the watershed. Stream flows rise and fall 

more quickly in response to heavy rainfall events, where flood waters are higher but for a shorter 

amount of time. With the increase of flows sedimentation increases, and the introduction of 

metals and other contaminants from cars, air pollution, roof tops, gutters, downspouts and yard 

maintenance can occur.  

The additional impermeable surfaces alter the hydrological cycle. The construction of 

communities brings rooftops, driveways, walkways, roads and parking lots, as well as other non-

permeable features. These structures increase the amount of surface runoff and reduce the ability 
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for water to be absorbed or percolate back into the soil thus lessening the recharging of 

groundwater.  

Access into the recreational areas is by way of a road network. In order to maintain these 

roads through the winter, sand and salt are utilized to maintain traction on snow covered roads.  

Maintenance of Nordic Road, the road that separates the Park from the resort, is ploughed and 

maintained by the Ministry of Transportation. The sand and salt deposited on the roads will 

migrate into the ditches and thus become available for transport downstream by snowmelt or 

during rainfall events.  

Depending on the type and size of aggregate used on the road, the amount of sediment 

that is available for transport may differ. Washed aggregates go through a washing process to 

remove the finer particulates whereas non washed aggregates do not. The benefit of washing the 

aggregate is that the finer particles are removed during the washing process therefore reducing 

the amount of fine particles available for transport and siltation. 

Metals 

Mountain streams generally have low concentrations of dissolved substances such as 

nutrient and metals due to the short amount of time the water interacts with the soils (Shanley & 

Wemple, 2002). The rapid response to storm events, the shallow soils and the fact that a large 

portion of the runoff occurs during the spring melt make streams more vulnerable to the 

introduction of contaminants from the soils. Contaminants such as phosphates, lead, and mercury 

have been shown to increase in concentration during peak flows (Shanley & Wemple, 2002).  

Rock weathering releases trace amounts of metals such as iron, zinc, lead, molybdenum, and 
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copper (Dunne & Leopold, 1978). These metals are essential to life in trace amounts but can 

become highly toxic to humans and natural ecosystems at higher concentrations. The 

development of a ski resort increases the potential for contamination from these metals as the 

development of the resort creates potential anthropogenic sources. Major anthropogenic sources 

of these metals include; vehicles (copper (Cu), zinc (Zn), cadmium (Cd) and lead (Pb) 

(Engelhard, De Toffol, Lek, Rauch, & Dallinger, 2007)) and the associated fluids and lubricants, 

refuse, paints and other chemicals. The breakdown of the components and parts of vehicles, such 

as brake pads, makes metals available for water transport. Spills and leaks of motor oil and other 

engine fluids are also a source of metals as they contain metals from engine wear and break 

down. The wear and tear of tires, dumping of refuse, oil, and other chemical such as paints and 

cleaning products as well as waste from yard maintenance are sources of metals.  

Bacteria 

Urbanization creates additional impacts on the environment, specifically the question of 

how to deal with human by products such as sewage. Bacteria are mostly associated with human 

waste and can lead to contamination of water sources through either direct discharge of raw 

sewage or drainage from septic systems. Since the development on Mount Washington Ski resort 

has a sewage treatment plant where the effluent is monitored regularly (Comox Valley Regional 

District, 2001), bacteria was determined not to be of concern and thus not incorporated into this 

study.  

Nutrients 

Nutrients such as phosphorous and nitrogen are essential for life and are involved in the 

growth and development of cells. Typically nitrogen and phosphorus are the nutrients that limit 
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the amount of plant and algae growth in aquatics ecosystems (Shanley & Wemple, 2002). 

Natural sources of phosphorus come from the weathering of soil and rocks, whereas natural 

sources of nitrogen come from decaying leaves and other organic matter. Human activities, such 

as mowing of lawns, utilization of fertilizers and sewage, create potential sources for nutrients. 

The addition of these nutrients to an otherwise phosphorous and nitrogen poor water body such 

as a lake or stream can lead to eutrophication. Eutrophication is a result of increased aquatic 

plant and algal growth, a decreased amount of oxygen available in the system, which combined 

will negatively affect the water quality of the system. The increase in plant growth blocks 

sunlight resulting in some aquatic plants’ inability to survive and begin to decompose. The 

decomposing aquatic plants use up dissolved oxygen making the water body unsuitable for fish 

and other organisms. Phosphorous is the most limiting nutrient in the streams of Vancouver 

Island (Hansen, 2003) and therefore there would be a greater impact from an increase in the 

amount of phosphorus over an increase in nitrogen. It is for this reason that only phosphorus was 

measured in this study. 

Sodium Chloride (Road Salt) 

Winter road maintenance in areas where snow falls involves ploughing, sanding and the 

utilization of de-icing agents. One of the most common de-icing agents is road salt in the form of 

sodium chloride (NaCl). Sodium chloride is used widely because of the relatively low cost, 

availability, ease of application and effectiveness at melting ice. Other forms of road salt include 

calcium chloride (CaCl), calcium magnesium acetate (CaMg2(CH3COO)6), magnesium chloride 

(MgCl2), potassium acetate (CH3COOK), potassium chloride (KCl), sodium salts of carboxylic 

acids and urea (CO(NH2)2). Some of these alternatives are not as harmful to the environment as 
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sodium chloride but are more expensive, not as available or effective and for these reasons are 

not usually used.  

While using sodium chloride as a road salt is effective both in cost and effectiveness it 

can potentially have a negative impact on the environment. Sodium chloride is highly soluble 

and can contaminate both surface water and ground water. Salt contamination can affect the 

osmotic balance between an organism and its environment.  The concentration of salt in most 

fresh water and terrestrial environments is less than that of an organism’s cellular fluid and the 

organism expends energy to prevent the loss of salt (Findlay & Kelly, 2011). With an increase in 

salt in the environment this process is reversed where the organism has to either prevent ions 

from entering or excrete those that have (Findlay & Kelly, 2011).  The reversal of the osmotic 

balance creates stress on the organism. Though it may not be fatal to organisms in isolation, it 

could affect the ability for an organism to survive and the health of an ecosystem.  

Road salt is usually mined from the earth as halite and like many ores, road salt has 

impurities. Incidental impurities found in road salt include other solids, lead, iron, other chlorides 

and phosphorus. These impurities or contaminants in the road salt may have a negative impact on 

the environment in high enough concentrations. Studies have shown that the concentration of 

these impurities in undiluted snowmelt from the Toronto area would be too high to meet the 

British Columbia Water Quality Criteria for Aquatic life (Phelan & Warrington, 1999). Iron 

cyanide, is a highly soluble additive that is added to road salt in t intentionally to prevent caking. 

Ultra violet light reacts with the salt and breaking down the chemical bond releasing the cyanide. 

Due to the toxicity of cyanide the British Columbia Ministry of Environment recommends not 

using road salts that contain cyanide (Phelan & Warrington, 1999).  
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Chloride was one of the contaminants analyzed due to the proximity of the head waters of 

Paradise Creek to roads and other areas such as parking lots. These areas are maintained 

throughout the winter using sodium chloride as a de-icing agent. Thus, there is potential for 

contaminants to enter road side ditches that flow downstream into Paradise Creek during 

snowmelt events and for water quality impacts to occur.  

Water Quality Guidelines 

The British Columbia Ministry of Environment establishes provincial water quality 

guidelines for various contaminants that are found in aquatic ecosystems. The guidelines for 

water quality differ for the same contaminant depending on the use of the water source and the 

associated risk to different organisms including humans (Province of British Columbia, 2011). 

The types of water uses described in the water quality guidelines include drinking water supply, 

fresh water aquatic life, wildlife water supply, livestock water supply, marine and estuarine 

aquatic life, irrigation water supply and recreation as well as aesthetics (Province of British 

Columbia, 2011). The results of the water chemistry in this study were compared to the British 

Columbia guidelines for aquatic life. These guidelines were chosen because the water at the 

study site is not used as a drinking water source  and the main concern is the impact the water 

quality has on the health of the aquatic ecosystem. Some contaminants have approved guidelines 

while others are only in their working formats and have not been approved by the Province. 

Furthermore, the guidelines of some of the contaminants offer different acceptable levels 

depending on the duration of exposure where a maximum instantaneous and a 30-day mean is 

provided for that particular contaminant.  
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The Canadian Council of Ministers of the Environment (CCME) has developed a national 

science-based set of environmental quality guidelines for atmospheric, aquatic and terrestrial 

ecosystems. Similar to the BC Water quality guidelines, the CCME guidelines depend on water 

use including drinking, recreational, aquatic life, irrigation, and livestock water uses (Canadian 

Council of Ministers of the Environment, 1999). The CCME guideline for aquatic life was used 

when a BC guideline was not available.   

Benthic Invertebrates and Water Quality 

A healthy population of benthic invertebrates is a characteristic of high water quality 

(Shanley & Wemple, 2002). If there is adequate dissolved oxygen, no adverse chemical or 

physical stresses, or excess sedimentation, macro invertebrates should be found (Shanley & 

Wemple, 2002). As alpine streams are close to the source of water, limiting the possibility of 

water contamination, and tend to be highly oxygenated one would expect macro invertebrate 

population in alpine streams to be healthy.    

The sampling of benthic invertebrates has been used for the assessment of the condition 

of a stream or to detect the changes in a stream ecosystem over time (Borisko, Kilgour, Stanfield, 

& Jones, 2007). Benthic invertebrates have various sensitivities to environmental changes in 

stream ecosystems, are sedentary, easy and relatively inexpensive to collect and therefore are 

ideal candidates to use for environmental assessment. Sampling over time can be an indicator of 

status and trends because, as the water quality in streams degrades, some populations of some 

invertebrate species may begin to disappear (Shanley & Wemple, 2002).  In particular, 

sedimentation degrades habitat for macro invertebrates as fine sediments fill the voids of coarser 

sediments such as sands and gravels; this is known as embeddedness.   
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The Canadian Aquatic Biomonitoring Network (CABIN) uses the assessment of benthic 

invertebrates for water quality and risk assessment. CABIN is a national monitoring network, run 

by Environment Canada, that promotes inter agency collaboration, data sharing and comparable 

reporting on the quality of fresh water and ecosystem health in Canada. It is based on the 

Reference Condition Approach (Environment Canada, 2011) which involves the creation of a 

bioassessment model from reference site sample data. The creation of the model sets up or 

defines the natural range or limits of the biological communities in the area or region and enables 

the determination of whether or not a test site has been impacted. A difference between the test 

site and the model is an indication that the test site has been impacted (Reece & Richardson, 

1999). 

The British Columbia Ministry of Environment has begun to utilize this national network 

and has started to sample benthic invertebrates according to the CABIN protocols. This ensures 

that the data is collected, analyzed and stored in a consistent manner to allow current and future 

use by various organizations. This study followed the CABIN protocols for the collection of 

benthic invertebrates however as there are currently not enough alpine reference sites in the 

CABIN model to enable the use of the model to determine impact the data obtained were 

considered relative to only the reference site and not to CABIN models. The results of the 

benthic invertebrate sampling in conjunction with the water quality sampling data were used to 

determine potential  impacts to the health of the aquatic ecosystem.    

 

 



Paradise Creek Water Quality Assessment       17 

 

CHAPTER 3: METHODOLOGY 

Water Chemistry 

Study Area 

 Three sites were selected for the water quality analysis; these include two test sites (Sites 

2 and 3) and one reference site (Site 1) (see Appendix C).  Site 3 is situated along Paradise Creek 

near the top or entrance of Paradise Meadows, while Site 2 is situated below the lowest tributary 

that drains Nordic Road. The portion of Paradise Creek located between Site 2 and Site 3 is the 

reach of most concern due to the proximity of Nordic Road. This is the portion of the creek that 

several road side ditches drain into. The reference site is located upstream of any tributaries that 

drain Nordic Road or any development associated with the ski resort.  The reference site was 

used to determine the natural levels of the water quality parameters. 

The three sites were selected using a Terrestrial Ecosystem map of Paradise Meadows 

previously developed by DeCoursey ( 2002) for BC Parks as part of the development of the 

ecosystem management plan for Forbidden Plateau. Paradise Meadows has a complex ecosystem 

with a series of bogs or wetland areas connected by deep narrow channel-like structures. This 

made it difficult to find areas of the same ecology or ecotypes. Although the three test sites had 

differing ecosystems, it was determined that the differences in the ecology would have minimal 

impacts on the water quality parameters since it was early in the growing season and the volume 

of water from the melting snow would minimize any ecological effects on the water quality 

during the water chemistry sampling period.  
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Site 1: Reference Site 

Site 1 is accessible by boardwalk along the Paradise Meadows Loop Trail and is located 

at the outlet of a small alpine lake. Upstream and downstream areas of Site 1 are shown in 

Figures 3-1 and 3-2. Site 1 was selected as the reference site due to the undisturbed nature of the 

area (i.e., least impacted by human activities such as resorts, trails and roads). The stream 

channel is deep and “U” shaped. The stream substrate consists of gravel while the stream banks 

are vertical. Water sampling was conducted on the upstream side of the boardwalk to limit the 

impact on water quality from the boardwalk and its users. Sampling was conducted directly from 

the bridge in the middle of the channel flow.      

                                             

Figure 3-1: Upstream of sample Site 1. 
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Figure 3-2: Downstream of sample Site 1. 

Site 2: Test Site 

Site 2 is accessible by boardwalk along the Paradise Meadows Loop Trail. Unlike Site 1, 

Site 2 resembles more of the typical mountain stream. The stream substrate consists of cobbles 

and small boulders.  Trees, bushes and grasses are the main types of vegetation found along the 

banks. Figures 3-3 and 3-4 show the vegetation surrounding upstream and downstream areas of 

the site, respectively.  Site 2 is on a tributary which directly drains a lower portion of the alpine 

village and contains roadside ditches.   
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Figure 3-3: Vegetation cover upstream of Site 2.  

  

Figure 3-4: Vegetative cover downstream of sample Site 2. 

Approximately 250 m upstream of the sampling site, outside the park boundary the 

tributary crosses Nordic Road through a corrugated steel culvert. On the immediate uphill side of 
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the culvert there is an area for storing snow during the winter months as shown in Figure 3-5. 

Once the snow begins to melt in the spring, the sediment trapped in the stored snow could 

become available for transport and deposit into the watercourse. As a preventative measure to 

mitigate sedimentation from occurring downstream in the park, a pool and riffle like structure 

has been constructed along the drainage course. Figure 3-6 illustrates additional mitigation 

efforts (a settling pond with a silt fence) that have been implemented to prevent sedimentation on 

the downhill side of the culvert. 

 

Figure 3-5: Paradise Creek tributary runs through an area used for snow storage.  
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Figure 3-6: The construction of sediment ponds and silt fences. 

Site 3: Test Site 

Site 3 is located in a grassy meadow along Paradise Creek.  It is not accessible by the Paradise 

Meadows Trail Boardwalk and is the farthest downstream of the test sites. The site is situated 

downhill of the junction of an old logging road and west of the junction of Nordic Road and the 

Strathcona Parkway. The site is downstream of the last culvert that drains from the resort into the 

portion of Paradise Creek that flows through Strathcona Provincial Park.  Figure 3-7 shows that  

the creek has several side channels which have created areas of permanent open water.  
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Figure 3-7: The main channel is located on the far side of the trees.  

During the initial melt the water flows were so high that the main channel could not be 

accessed therefore water sampling occurred in the channel which was most accessible. Figure 3-

8 shows water levels during the first sampling period. Due to the amount of flooding during the 

beginning of the sampling period, the first two samples were taken from a side channel. The area 

was flooded, collecting water samples from the side channel was considered to be acceptable as 

the water would be considered well mixed and thus there would be minimal influence on the 

water quality results. The main channel was sampled as soon as it could safely be accessed. This 

occurred from the third sampling period onwards.  
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Figure 3-8: The snow pack and flood waters were high during initial sampling.  

Water Chemistry Sample Collection 

The sampling for the water chemistry analysis occurred during the snow melt to allow the 

determination of water quality during the peak follows. These are often the times when the flows 

have the greatest concentrations of contaminants and therefore could be considered as the worst 

case scenario for Paradise Creek water quality. Due to the high snow pack, access to the 

sampling sites was deemed unsafe until mid-summer. Sampling was undertaken from July 12, 

2011 to August 7, 2011. Five weekly samples from each of the three sites were collected over a 

30-day period. This was done to allow for the determination the 30-day mean as required for 

comparison to the British Columbia Water Quality Guidelines.  

Methodology presented in the British Columbia Field Sampling Manual (Province of 

British Columbia, 2003) was followed in order to obtain the grab samples. One 1-L and three 
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120-ml sterile polypropylene bottles were filled from the mid-stream directly from the boardwalk 

at Site 1 or by wading into the stream at Sites 2 and 3. The samples were obtained up stream in 

relation to where the person was standing in order to ensure that the samples were not 

contaminated with sediment disturbed by the sampler.  

The samples were placed in a cooler with ice in the field, stored overnight in a fridge and 

shipped via courier the next day in a cooler with ice to Maxxam Analytics Inc., Burnaby, British 

Columbia.  The laboratory tested for the parameters as indicated in Appendix D.   

Water Chemistry Data Analysis 

The mean values for the water chemistry parameters were calculated. The means were 

then compared to the 30-day mean British Columbia Water Quality Guideline for aquatic life. 

The individual water quality measurements were also compared to the instantaneous water 

quality guideline levels. In the case where provincial guideline values were not available for a 

parameter the Canadian Council of Ministers of the Environment (CCME) environmental quality 

guidelines for freshwater water quality were used. 

 The Guidelines for Interpreting Water Quality (Province of British Columbia, 1998) 

were used as a guide in analyzing the data.  Microsoft Excel 2007 was used to perform a two 

tailed T-Test and F-Test on the water quality data to accept or reject the Null hypothesis. If the 

Null hypothesis was rejected it would be considered that there was a significant difference 

between the two data sets. General descriptive statistics including the mean,  variance, and 

standard deviation were also calculated. 
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The results of the water chemistry analysis was also compared to data obtained in a study 

of the Oyster River which is part of another watershed located on Mount Washington (Barlak, 

Epps,  & Obee, 2010). 

Biological Sampling and Analysis 

Ideally the biological sampling would be conducted utilizing the same sampling sites as 

the chemical analysis. Due to the lack of knowledge of the site, limited initial access to the area 

due to high volumes of snow and the question of funding of the biological sampling, it was 

determined that it was more important to select a suitable site for the chemical analysis and as 

such  the reference site for the water chemistry analysis (Site 1) was chosen. Once the sampling 

for the chemical properties began and there was greater access to Paradise Meadows it was 

realized that the reference site would not be acceptable as a reference site for biological sampling 

due to the differences in biological properties compared to the test sites. In addition the site did 

not have sufficient riffle habitat or flow to enable sampling as per CABIN protocols.  

Since the original reference site (Site 1) did not meet the CABIN sampling protocols a 

different reference site was selected following the chemical sampling site visits. The reference 

site for the biological sampling was located upstream of Site 1 several metres above the culvert 

crossing Nordic Road. The site itself has similar characteristics as Site 2 as it has a pool and 

riffle morphology as required by the CABIN protocols. The site is located just downstream of a 

small cascading waterfall and the substrate consists of sand, pebbles and cobble sized sediment. 

The stream is fully protected from sunlight and is well vegetated on both sides.  
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Biological Sample Collection 

The sampling for benthic invertebrates followed the protocols described by the CABIN 

Field Manual. The sampler disturbed the substrate with their feet in a zigzag pattern along a 

portion of the stream, while holding a 400 micron sized kick net equipped with a collection cup 

at the end below the area being kicked; dislodged benthic invertebrates were captured in the net. 

This was done for a period of three minutes. Large rocks and debris were removed, the 

remainder of the collected material was transferred into a container and alcohol was added for 

preservation. The samples were shipped to Cordillera Consulting located in Summerland, BC for 

taxonomic identification.   

Water samples were also collected during the biological sampling event as part of the 

CABIN sampling protocol. These were shipped to Maxxam Analytics Ltd and analyzed for total 

metals, true colour, nitrogen, phosphorus, pH, total suspended solids, total dissolved solids and 

turbidity. Typically the water chemistry analysis would have coincided with the biological 

sampling and therefore the results of the analysis of the water samples collected during the 

biological sampling would have been including in the determination of the 30-day averages. For 

this study this was not the case due to the difference in the timing of the water chemistry 

sampling and the biological sampling.  

 Chlorophyll A samples were also obtained during the biological sampling activity. This 

was done by scrubbing the algae off three rocks. The area of the rock which was scrubbed was 

26.42 cm
2
, determined by inverting a cup upside down and cleaning the area outside the inverted 

cup to remove any excess algae. The remaining algae were then scrubbed off with a toothbrush. 

The toothbrush was rinsed with water in a container and the rinse water containing the algae was 
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filtered through 0.45 micron filter paper using a manual vacuum pump. The filters were folded, 

placed in sample dishes for preservation and subsequently shipped  to Maxxam Analytics for 

analysis.     

Biological Data Analysis 

The results of the taxonomic identification were analyzed using eight different metrics 

including richness, abundance, dominance, community composition, functional group 

composition, functional group richness, diversity measures and biotic indices. These metrics 

were compared between the two sites in order to determine the impact of the water quality on the 

aquatic ecosystem of Paradise Creek. 

Field Measurements 

Water temperature, dissolved oxygen and specific conductivity were monitored in the 

field during sampling (Appendix D). This was done by placing an YSI Professional Plus field 

monitor into the middle of the flow horizontally and vertically, allowing the sensor readings to 

stabilize.  

 

 

 

 

 

 



Paradise Creek Water Quality Assessment       29 

 

CHAPTER 4: RESULTS AND DISCUSSION 

Snow Pack 

In 2011 Mount Washington Ski Resort was exposed to the highest snow fall on record. 

Mount Washington receives on average 1100 cm of snow annually; in 2011 the mountain 

received 1920 cm of snow (Mount Washington, 2012). The combination of high snow packs and 

cooler than normal temperatures during the spring and early summer led to the snow persisting 

longer than usual. Snow was observed as late as August 8, 2011 during the final water chemistry 

sampling in areas that were protected from the sun. The high snow packs could impact the results 

of the benthic invertebrate sampling as large volumes of water as well as longer period of snow 

cover could affect the growth, development and survival of the benthic invertebrates. The higher 

volume of water from the snow melt may also impact the results of the water chemistry 

sampling. 

Water Chemistry 

The drainage network constructed by the development of the ski resort is in the form of a 

series of ditches and open channels with corrugated steel pipes directing flows under road ways. 

This is typical in rural areas as closed underground drainage systems consisting of buried pipes 

and manholes are costly to build and maintain. Additionally in areas where higher flows occur 

during the spring melt, the system would have to be large enough to handle increased flows.The 

open channel design provides an opportunity for contaminants such as sediment, salt from winter 

road maintenance, heavy metals and nutrients to enter the water course and be transported 

downstream. The drainage network is part of the upper tributary of Paradise Creek, an area 

heavily utilized for recreational activities, resulting in the possibility of contaminants impacting 
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the Paradise Meadow ecosystem downstream. The results of the data analysis of the water 

chemistry analysis can be found in Appendix E and in the descriptive statistics in Appendix F. 

Field Measurements 

 Temperature, dissolved oxygen and specific conductivity were measured in the field. 

Temperature showed a gradual increase (Figure 4-1) over the sampling period. Site 3 had the 

lowest mean temperature during the sampling period. The temperature increase throughout the 

sample period was due to the reduction of flow as the snow melted as well as the increase in the 

ambient air temperature. The mean water temperatures for Site 2 and Site 3 were below the 

British Columbia minimum guideline for water temperature for trout (Appendix D) which is 

expected as these temperatures are during the spring melt. Though Site 1 had higher 

temperatures than Site 2 and 3 the difference in temperatures were not statistically significant 

(Appendix E). The higher temperatures at Site 1 could be due to volume of flow, exposure to 

direct sun or the fact that is at the outlet of small alpine lake.  
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Figure 4-1: Water temperatures during the sampling period.  

 Site 2 had the highest specific conductivity (Figure 4-2). This could be attributed to a 

larger amount of dissolved solids due to the proximity of Site 2 to road side ditches. The abrupt 

change in the level of specific conductivity between the second and third samples at Site 3 could 

be linked to the change in sampling location from the side channel to the main channel. There is 

no provincial guideline for specific conductivity. The specific conductivity was statistically 

different between Site 1 and Site 2 but not Site 1 and Site 3 (Appendix E). The higher specific 

conductivity at Site 2 could be due to the higher concentrations of chloride at Site 2, discussed 

further in this chapter.  

 

 

Figure 4-2: Specific conductivity during the sampling period.  
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protection of aquatic health for all life stages other than buried embryo/alevin (Figure 4-3). The 
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met both the 30-day mean and the instantaneous minimum value for dissolved oxygen the levels 

of dissolved oxygen at both Sites 2 and 3 were significantly different that those levels at the 

reference site (Appendix E).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3: Levels of Dissolved Oxygen during the sampling period. Min indicates the minimum 

level of dissolved oxygen to protect the aquatic health for all life stages other than buried 

embryo/alevin suggested by the BC guideline. 

 

The highest levels of dissolved oxygen occurred at the beginning of the sampling period and 

decreased as the sampling progressed. The decreases in dissolved oxygen could be attributed to 

increasing water temperatures and less turbulence as the snow pack melted. The less turbulent 

flow would cause a reduction in the amount of oxygen trapped in the water by turbulence. The 

decrease in dissolved oxygen could also be caused by the increase in biological activity as the 

growing season progressed.   

Physical Properties 

Total suspended solids (TSS) for Site 1 and Site 3 were all below the laboratory detection 

limit. Site 2 had high total suspended solids during the initial sampling period but declined and 

then increased to a maximum level at the fourth sampling period (Figure 4-4). The fluctuations in 
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the levels of total suspended solids observed at Site 2 could be caused by the stratification of the 

snow pack along Nordic Road. As the snow pack grows over the winter, snow and sediment are 

layered. During time of high snow accumulation the snow would appear clean whereas during 

times of low snow accumulation the snow would appear dirty. During snowmelt the melt water 

would have a low amount of suspended solids as the clean layers melt but would have a higher 

level of suspended solids during the melting of the dirty layers of the snowpack.   The levels of 

total suspended solids at all three sampling sites are within the range of values found at other 

monitoring sites located in the Oyster River watershed (Barlak, Epps & Obee, 2010). 

 

Figure 4-4: The total suspended solids during the sample period. 

The BC guideline for turbidity is based on background or natural turbidity levels for a 

particular site. For this study the turbidity levels of the reference site were considered to be the 

background levels. Base on the BC Water quality guideline to determine the 30-day mean 

guideline for the test sites 2 NTU was added to the 30-day mean of Site 1. Similarly to determine 

the maximum instantaneous guideline for the test sites 5 NTU was added to the 30-day mean of 

Site 1 (Province of British Columbia, 2011). 
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Site 2 did not meet the BC Guideline for aquatic health for turbidity (Figure 4-5) as the 

30- day mean did not meet the provincial guideline. All samples from Site 1 and Site 3 were 

below both the 30-day mean guideline as well as the instantaneous guideline (Appendix D). The 

turbidity levels at Site 2 were statistically different when compared to Site 1 (Appendix E). The 

high levels of turbidity of Site 2 in comparison to Site 1 and Site 3 could be attributed to the 

proximity to roads and road side ditches which would store sand from winter road maintenance 

that could be released during the snow melt. The levels of turbidity at all three sampling sites are 

within the range of values found at other monitoring sites located in the Oyster River watershed 

(Barlak, Epps & Obee, 2010). 

 
 

Figure 4-5: Turbidity at Site 2 exceeded the provincial guidelines. 
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The pH levels at Site 2 and 3 were not statistically different than the pH levels at Site 1. As the 

sampling progressed, the pH increased at all three sites.  

 
Figure 4-6: All the pH values fell in the normal range throughout the sample period. 

 

The pH increase could be due to the decrease in flow as well as an increase of biological activity 

in the water. As the growing season progresses and biological activity increases the amount of 

carbon dioxide in water is reduced which causes the pH to increase. The pH levels at all three 

sampling sites were lower than those values found at other monitoring sites located in the Oyster 

River watershed (Barlak, Epps & Obee, 2010). 
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During the sampling period a small creek that drains from road side ditches along Nordic 

Road into Paradise Creek just upstream of sample Site 3 gradually diminished. The reduction of 

the flow from this drainage course could be the reason that Site 3 was the highest. The abrupt 

change in the level of chloride between the second and third samples at Site 3 could be linked to 

the change in sampling location from the side channel to the main channel. The concentrations of 

chloride in the samples were well below the British Columbia guidelines. 

 

Figure 4-7 Chloride levels during the sampling period for all three sites. 

Phosphorus 

Like many alpine streams on the west coast there was very little phosphorus and the 

concentrations in all the samples were similar. Though there are no guidelines for phosphorus, 

the sampling levels are consistent with historical observations as background concentrations on 

Vancouver Island generally are less than 0.005 but can be up to 0.008 mg/L (R. Barlak, personal 

communication, February 10, 2012). 
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Figure 4-8: The 30-day mean for phosphorus was below the minimum guideline.  

Aluminum 

The CCME guideline for aquatic health for aluminum was used because the BC guideline 

for aluminum for the protection of aquatic life was based on dissolved aluminum whereas total 

aluminum was measured in this study. The abrupt change in the level of aluminum between the 

second and third samples at Site 3 could be linked to the change in sampling location from the 

side channel to the main channel. The side channel is located closer to a nearby outlet of a ditch 

which drains a portion of Nordic Road which may contain a higher concentration of aluminum. 

The levels of aluminum at Site 2 were statistically different when compared to Site 1 but not at 

Site 3 (Appendix E). The levels of aluminum at all three sampling sites were higher than those 

values found at other monitoring sites located in the Oyster River watershed (Nagpal, 1990), 

another river system located on Mount Washington. 
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Figure 4-9: Aluminum concentrations during the sampling period. 

Arsenic  

The concentrations of arsenic in all the samples were below the BC water quality 

guidelines for aquatic health. Site 2 had the highest concentrations for arsenic. The concentration 

of arsenic had an upward trend as the sampling progressed at all three sites (Figure 4-10). 

 Although all arsenic concentrations were below the guidelines during the sampling 

period, the concentrations at Site 2 were statistically different when compared to the levels at 

Site 1. The levels for arsenic were not statistically different when comparing Site 1 and Site 3. 

Cabins with exposed wood exterior or areas where pesticides were applied may be a source of 

arsenic as the wood may contain arsenic based preservatives and the pesticides may be arsenic 

based (Han et al., 2003). Natural bedrock weathering processes may also be a source of arsenic. 

The levels of arsenic at all three sampling sites are higher than those values found at other 

monitoring sites located Oyster River watershed (Barlak, Epps & Obee 2010). 
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Figure 4-10: Arsenic concentrations during the sampling period 

Barium 

The concentrations of barium in all the samples were below the BC water quality 

guidelines for aquatic health (Appendix D). Site 2 had the highest concentrations of barium. The 

concentration of barium remained relatively unchanged throughout the sampling period for Site 1 

and 3 (Figure 4-11).  

 

Figure 4-11: Barium concentrations during the sampling period. 
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Although all the concentrations of barium were below the guidelines during the sample period, 

the levels at Site 2 were statistically different when compared to Site 1. The proximity of Site 2 

to the snow storage area could be the cause of the increase of barium compared to Site 1 and Site 

3.  Fluid from vehicles which washes into road side ditches may be the source of barium as 

barium is used in various products including oil and lubricants (Health Canada, 2008).   

Chromium 

The levels of chromium at all three sites remained low throughout the sample period 

(Figure 4-12). Site 2 had the highest 30-day mean for chromium. The recorded levels of 

chromium at Site 2 and 3 where not statistically different when each site was compared to Site 1. 

The abrupt change in the level of chromium between the second and third samples at Site 3 could 

be linked to the change in sampling location from the side channel to the main channel; the side 

channel is closer to where a ditch that drains Nordic Road enters Paradise Creek.  The levels of 

chromium at all three sampling sites were similar to those values found at other monitoring sites 

located in the Oyster River watershed (Barlak, Epps & Obee, 2010). No BC or CCME guidelines 

for total chromium for the protection of aquatic life had been published at the time of this study. 

 

Figure 4-12: Chromium concentrations during the sampling period. 
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Cobalt 

The levels of cobalt were below the British Columbia guideline as the highest measured 

concentration was 0.445 µg/L in the sample collected from Site 2 during the first sample set on 

July 12, 2011 (Figure 4-13). The cobalt levels were statistically different when comparing the 

three test sites. Runoffs from roads, parking lots and buildings are sources (Nagpal, 2004) that 

could contribute additional cobalt and elevate the levels of cobalt detected at Sites 2 and 3. The 

levels of cobalt at Site 1 were within the range of levels found at other monitoring sites located in 

the Oyster River watershed whereas the levels at Site 2 and 3 were higher (Barlak, Epps & Obee 

2010). 

 

Figure 4-13: Cobalt concentrations during the sampling period. 
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copper levels to Site 1. Site 2 did not meet the 30-day mean BC guideline for aquatic health 

(Appendix D). 

 

Figure 4-14: Site 2 exceeded the guideline for copper during the sampling period. 
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Zinc 

  Site 3 had the lowest while Site 2 had the highest levels of zinc during the sampling 

period (Figure 4-15). All samples from the three sample sites met the BC water quality 

guidelines for aquatic health (Appendix D).  

 

Figure 4-15: Levels of zinc during the sampling period. 
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Lead 

Site 1 had the lowest level of lead during the sample period (Figure 4-16). Site 2 had the 

highest 30-day mean for the amount of lead. Though Site 2 had the highest 30-day mean, Site 3 

had the sample with the highest individual level of lead. All the concentrations were below the 

British Columbia water guideline for aquatic health (Appendix D). The recorded levels of lead at 

Site 2 where statistically different when compared to Site 1 (Appendix E). The increase in lead at 

Site 2 could be attributed to the closer proximity Site 2 is to drainage from parking lots and road 

side ditches that contain lead from the breakdown of vehicle parts such as tire weights and car 

batteries. The levels of lead at all three sampling sites were similar to those values found at other 

monitoring sites located in the Oyster River watershed (Barlak, Epps & Obee, 2010). 

 

Figure 4-16: All samples of lead met the provincial guidelines. 
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period. Site 1 had the lowest levels of manganese (Figure 4-7). Manganese levels from Site 2 

remained elevated as the sampling progressed. The levels of manganese at Site 1 and 3 however 

increased as the sampling progressed. The increase in the level of manganese could be attributed 

to the reduction of dilution caused by reduced flows. The highest level of manganese sampled 

from Site 1 and 3 occurred during the last sample set.  The highest sample from Site 2 occurred 

in the first sample set. The recorded levels of manganese at Site 2 were statistically different 

when comparing them to Site 1 (Appendix E). Sources of manganese that may contributed to the 

elevated level at Site 2 could be from consumer goods used in the construction and maintenance  

of buildings or properties up stream of Site 2 such as paints, alkaline batteries, matches, welding 

rods and fertilizers (Nagpal, 2001). The levels of manganese at all three sampling sites were 

higher than the values found at other monitoring sites located in the Oyster River watershed 

(Nagpal, 1990). 

 

Figure 4-17: Levels of manganese during the sampling period. 
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Nickel 

All samples from all sites contained nickel at concentrations that were below the British 

Columbia Water Quality Guideline for aquatic health (Figure 4-18). The highest level was the 

first sample from Site 2 taken July 12, 2011 which is well below the provincial guideline 

(Appendix D). The levels of nickel decreased as the sampling progressed at Site 2 but remained 

constant throughout the sampling period at Site 1 and 3. The level of nickel was significantly 

higher at Site 2 when compared to Site 1. The increase in nickel could be attributed to the closer 

proximity Site 2 is to exhaust from vehicular traffic as well as drainage from parking lots and 

road side ditches (Health Canada, 2007) . The levels of nickel at Site 1 and Site 2 were within the 

range of levels found at other monitoring sites located in the Oyster River watershed whereas the 

levels at Site 3 were higher (Obee, Barlak, Epps & Obee 2010). 

 

Figure 4-18: The levels of nickel met the guideline during the sampling period.  
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Metals below the Recordable Detection Limit 

 Some of the metals analyzed had concentrations below the minimum detection limit 

(Appendix D). Antimony, beryllium, bismuth, boron, lithium, molybdenum, selenium, thalium, 

tin, and uranium were all below the recordable detection limit for all the samples.  The 

concentrations for vanadium and cadmium were either below the recordable detection limit or 

well below the BC water guideline for aquatic life. 

Biological Sampling 

The results of the metrics indicated that the structure of the benthic invertebrate 

population was different at the test site compared to the reference site (Appendix F). There were 

more invertebrates at the reference site (1743) compared to the test site (296).The three most 

dominant taxa at the reference site were Eukiefferiela spp(non-biting midges), Turbellaria (flat 

worms) and Nemata (round worms) whereas the three most dominant taxa at the test site were 

Lumbriculidae(segmented worms), Epeorus spp.(mayflies) and Turbellaria. The two most 

dominant taxa at the test site accounted for 53.72% of the total population whereas at the 

reference site the top two taxa only accounted for 26.28% of the total population. 

The population structure and diversity also differed between the reference and the test 

site. The population structure changed in terms of what functional groups are dominant and the 

diversity of organisms decreased. Oligochaeta(aquatic and terrestrial worms) comprised 0.46% 

of the population at the reference site but composed of 28.72% of the population at the test site. 

Baetidea(mayflies) made up 9.35% at the reference site and was not observed at the test site. 

Chironomidae (non-biting midges) composed of 28.46% at the reference site but only 8.78% at 

the test site. A shift in the species present also shifted the functional group composition at the test 
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site. There was an observed increase in predators, collector-gathers, scrapers and a decrease in 

shredder-herbivores and unclassified. The functional groups; macrophyte herbivore, collector 

filterer and omnivore were reduced in numbers to the point that they were not observed at the 

test site.  

The results of the algae sampling showed that there was a decrease in the amount of chlorophyll 

A at the test sites in comparison with the reference site from 0.22 µg/cm
2
 to 0.05 µg/cm

2
. The 

lower amount of chlorophyll A at the test site could be the reason for the different community 

structure and composition of benthic invertebrates. When comparing the reference site to the test 

site there was an indication that the population structure had shifted from those functional groups 

that require plant biomass for energy such as shredder-herbivores, macrophyte herbivores and 

omnivores to other methods of feeding such as predation, collector-gathers, scrapers.   
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CHAPTER 5: CONCLUSION  

This study analysed the water chemistry and the biologic activity of Paradise Creek in 

order to determine the water quality and assess the impacts of the water quality on the 

ecosystem. Water quality was determined by comparing the results of the water chemistry 

analysis from all three sampling sites with the BC water quality guidelines for aquatic health. 

Statistical tests (T-test and F-test) were performed on the data sets in order to determine whether 

the sample site had been impacted by upstream activities.  The null hypothesis was that the water 

quality at the reference site (Site 1) was the same as the water quality at the two reference sites 

(Site 2 and Site 3), a rejection of the null hypothesis indicates that the water quality between the 

two sites is different and suggests an impact on the water quality.   

None of the contaminants that were sampled at Site 1 exceeded the guideline used. Site 2 

was the site with the greatest impact in terms of number of contaminants that did not meet the 

water quality guidelines for aquatic health. Copper exceeded the provincial guidelines for the 30-

day mean at Site 2 for all samples. All five samples exceeded the CCME water quality guideline 

for aquatic health maximum limit for aluminum. The 30-day mean for turbidity was exceeded at 

Site 2 during the sample period as well.  

 Although only copper, aluminum and turbidity exceeded the water quality guidelines for 

aquatic health, 17 of the 31 water quality parameters analyzed were determined to be 

significantly different and the null hypothesis was rejected when comparing samples from Site 1 

to the samples from Site 2. The parameters that were significantly different between Site 1 and 

Site 2 include; total hardness, chloride, total suspended solids, turbidity, aluminum, arsenic, 

barium, cobalt, copper, lead, manganese, nickel, zinc, calcium, magnesium, dissolved oxygen 
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and specific conductivity. This is an indication that the water quality at Site 2 has potentially 

been impacted by activities upstream.  

At Site 3 aluminum exceeded the CCME water quality guidelines for aquatic health with 

sample one and two exceeding the maximum limit. A total of 4 of the 31 water quality 

parameters sampled at Site 3 were determined to be significantly different than the levels at Site 

1. These parameters include cobalt, copper, zinc and dissolved oxygen.  This indicated that Site 3 

has potentially been impacted from upstream activities but to a lesser extent than Site 2. 

The results of the water chemistry analysis as well as the benthic invertebrate sampling 

suggest that, although most water quality parameters meet the British Columbia water quality 

guidelines for aquatic health, the water quality and the ecosystem of Paradise Meadows is likely 

being impacted by upstream activities. Due to the scope of this study it cannot be determined 

what the cause of the impact may be nor can it determine the long term consequences of the 

potential impacts on water quality and the health of the Paradise Meadows ecosystem. In order to 

confirm that impacts are occurring and to determine the long term consequences on water quality 

and ecosystem health, a monitoring program should be established to monitor the water quality 

and the benthic invertebrate populations to establish long term trends. 

Due to the nature of the apparent impacts, management practises should be focused on 

preventing contamination rather than remediation. The steep slopes make it difficult to construct 

settling ponds or silt fences to remove contaminants. The high aqueous solubility of the 

contaminants associated with road maintenance also make them difficult to remove once in the 
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environment as simple mechanical methods such as constructing silt fences or settlings are 

ineffective.  

Management practises that could be used to protect the ecosystem of Paradise Meadows 

have been described in the Mount Washington Environmental Management Program (Mount 

Washington, 2012b). These management practises include:  

 Using appropriate erosion and sediment control practices such as water bars and 

revegetation.  

 Maintaining stream vegetative buffers to improve natural filtration and protect habitat.  

 Applying state-of-the-art or other appropriate storm water management techniques such 

as the utilization of permeable pavement, rain gardens, bioswales, underground detention 

structures and flow control chambers;  

 Utilizing oil/water separators in maintenance areas and garages;  

 Utilizing environmentally sensitive deicing materials such as calcium magnesium acetate, 

sodium salts of carboxylic acids and urea; and 

 Managing snow removal and storage to avoid impacting wetlands and riparian areas 

where feasible. 

Additional measures that could be implemented in order to further protect the ecosystem of 

Paradise Creek include:  

 Using washed aggregate instead of unwashed aggregate during winter maintenance of 

roads and parking lots to limit the amount of siltation and turbidity; 
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 The area above Site 2 shown in Figure 3-5 should not be used as a snow storage area due 

to the proximity of the Paradise Creek tributary (if the area shown in Figure 3-5 is to 

continue to be a snow storage area a structure should be constructed to allow snow to be 

stored while protecting the stream from sand and other harmful contaminants);  

 Use eco-friendly chemical alternatives for maintenance and cleaning of buildings and 

equipment. 

Though Mount Washington lists management practises that could protect the ecosystem 

of Paradise Meadows, there seems to be no oversight to ensure Mount Washington is using those 

suggested management practises. Furthermore, many of the solutions that may reduce the impact 

of upstream activities are simple, the coordination and oversight of these solutions could be 

difficult. There are multiple jurisdictions that have conflicting mandates and overlap both 

spatially and legally. The stakeholders include Ministry of Transportation and Infrastructure, 

Ministry of Environment, BC Parks, Comox Valley Regional District, Mount Washington Ski 

Resort, private property owners as well as the non-profit organizations Friends of Strathcona 

Park and Strathcona Wilderness Institute. Since there are so many stakeholders, a governing 

body should be established to oversee the management of areas that are of common interest as 

well as future environmental monitoring programs.  
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Appendix A: Map showing Strathcona Park on Vancouver Island 

Copyright © Province of British Columbia. All rights reserved. Reprinted with permission of the 

Province of British Columbia.   www.ipp.gov.bc.ca 
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Appendix B: Map of Forbidden Plateau portion Strathcona Provincial Park  

Copyright © Province of British Columbia. All rights reserved. Reprinted with permission of the 

Province of British Columbia.   www.ipp.gov.bc.ca 
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Appendix C: Air photo showing sample sites 
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Appendix D: Results of the Water Chemistry Analysis 

Sampling Date 7/12/11 7/17/11 7/24/11 8/1/11 8/7/11 30 Day Mean Max

Maxxam ID AZ2902 BA6295 BC1580 BD7913 BF0795

FIELD MEASRUREMENTS Units RDL Average

Temperature C 5.1 4.4 9.7 10.5 16.2 9.18 9-12 Approved BC Guideline

Disolved Oxygen mg/L 11.03 10.72 8.42 8.16 7.4 9.146 8 5 (min) Approved BC Guideline

Specific Conductivity µs/cm 21.5 21 25 25.5 29.8 24.56

Calculated Parameters

Total Hardness (CaCO3) mg/L 4.1 4.0 5.4 5.8 7.0 5.26

Anions

Dissolved Chloride (Cl) mg/L 0.5 0.9 0.9 0.9 1.2 1.6 1.1 150 600 Approved BC Guideline

Nutrients

Total Phosphorus (P) mg/L 0.002 0.004 0.003 0.004 0.004 0.008 0.0046

Physical Properties

pH pH Units 6.67 6.61 6.83 7.02 7.00 6.826 6.6-7.8 Approved BC Guideline

Total Suspended Solids mg/L 1 <1 <1 <1 <1 <1 6 26 Approved BC Guideline

Turbidity NTU 0.1 1.0 0.9 1.5 0.9 0.9 1.04 3.04 6.04 Approved BC Guideline

Total Metals by ICPMS

Total Aluminum (Al) ug/L 0.2 83.8 94.0 91.2 66.0 60.8 79.16 100 CCME

Total Antimony (Sb) ug/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 20 Working Guideline

Total Arsenic (As) ug/L 0.02 0.32 0.31 0.44 0.47 0.65 0.438 5 Approved BC Guideline

Total Barium (Ba) ug/L 0.02 0.67 0.70 0.81 0.77 0.89 0.768 1000 5000 Working BC Guideline

Total Beryllium (Be) ug/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 5.3 Working BC Guideline

Total Bismuth (Bi) ug/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 n/a n/a

Total Boron (B) ug/L 50 <50 <50 <50 <50 <50 1200 Approved BC Guideline

Total Cadmium (Cd) ug/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.0263 Working BC Guideline

Total Chromium (Cr) ug/L 0.1 0.1 0.1 0.2 0.1 0.1 0.12 n/a n/a

Total Cobalt (Co) ug/L 0.005 0.055 0.059 0.088 0.095 0.142 0.0878 4 110 Approved BC Guideline

Total Copper (Cu) ug/L 0.05 0.81 0.49 0.57 0.85 0.46 0.636 2 2.494 Approved BC Guideline

Total Lead (Pb) ug/L 0.005 0.028 0.018 0.029 0.021 0.029 0.025 3 Approved BC Guideline

Total Lithium (Li) ug/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 14 870 Working BC Guideline

Total Manganese (Mn) ug/L 0.05 3.54 3.43 6.01 9.45 11.3 6.746 700 800 Approved BC Guideline

Total Molybdenum (Mo) ug/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 1000 2000 Approved BC Guideline

Total Nickel (Ni) ug/L 0.02 0.21 0.16 0.22 0.25 0.21 0.21 25 Working BC Guideline

Total Selenium (Se) ug/L 0.04 <0.04 <0.04 <0.04 <0.04 <0.04 2 Approved BC Guideline

Total Silver (Ag) ug/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 50 100 Approved BC Guideline

Total Strontium (Sr) ug/L 0.05 8.95 8.41 11.5 13.9 16.1 11.772 n/a n/a

Total Thallium (Tl) ug/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.3 Working BC Guideline

Total Tin (Sn) ug/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.022 Working BC Guideline

Total Uranium (U) ug/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 300 Working BC Guideline

Total Vanadium (V) ug/L 0.2 <0.2 <0.2 0.3 0.2 0.3 0.2666667 6 Working BC Guideline

Total Zinc (Zn) ug/L 0.1 1.6 1.6 2.2 1.2 1.9 1.7 7.5 33 Approved BC Guideline

Total Calcium (Ca) mg/L 0.05 1.31 1.25 1.72 1.84 2.28 1.68 4 Working BC Guideline

Total Magnesium (Mg) mg/L 0.05 0.20 0.22 0.26 0.29 0.32 0.258 0.628 0.597 Approved BC Guideline

BC Water Quality GuidelinesSample Site #1: Reference site
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Appendix D: Cont 

Sample Site #2

Sampling Date 7/12/11 7/17/11 7/24/11 8/1/11 8/7/11 30 Day Mean Max

Maxxam ID AZ2940 BA6253 BC1577 BD7916 BF0793

FIELD MEASRUREMENTS Units RDL Average

Temperature C 3.6 4.1 7.5 6.9 10 6.42 9-12 Approved BC Guideline

Disolved Oxygen mg/L 12.1 11.97 10.89 10.8 11.2 11.392 8 5 (min) Approved BC Guideline

Specific Conductivity µs/cm 39.2 34.7 36.2 39.6 43 38.54

Calculated Parameters

Total Hardness (CaCO3) mg/L 9.0 8.6 9.3 11.8 12.2 10.18

Anions

Dissolved Chloride (Cl) mg/L 0.5 1.6 1.3 1.2 2.0 1.7 1.56 150 600 Approved BC Guideline

Nutrients

Total Phosphorus (P) mg/L 0.002 0.007 0.003 0.005 0.005 0.005 0.005

Physical Properties

pH pH Units 6.90 6.92 7.13 7.12 7.55 7.124 6.6-7.8 Approved BC Guideline

Total Suspended Solids mg/L 1 5 1 2 6 2 3.2 6 26 Approved BC Guideline

Turbidity NTU 0.1 5.6 1.6 3.1 4.2 3.5 3.6 3.04 5.04 Approved BC Guideline

Total Metals by ICPMS

Total Aluminum (Al) ug/L 0.2 119 133 143 159 115 133.8 100 CCME

Total Antimony (Sb) ug/L 0.02 0.02 0.02 0.02 0.02 0.03 0.022 20 Working Guideline

Total Arsenic (As) ug/L 0.02 1.08 0.95 1.21 1.56 1.78 1.316 5 Approved BC Guideline

Total Barium (Ba) ug/L 0.02 1.07 1.48 0.98 1.20 0.99 1.144 1000 5000 Working BC Guideline

Total Beryllium (Be) ug/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 5.3 Working BC Guideline

Total Bismuth (Bi) ug/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 n/a n/a

Total Boron (B) ug/L 50 <50 <50 <50 <50 <50 1200 Approved BC Guideline

Total Cadmium (Cd) ug/L 0.005 0.009 <0.005 <0.005 <0.005 0.017 0.013 0.0263 Working BC Guideline

Total Chromium (Cr) ug/L 0.1 0.1 0.1 0.2 0.2 0.2 0.16 n/a n/a

Total Cobalt (Co) ug/L 0.005 0.445 0.374 0.299 0.357 0.291 0.3532 4 110 Approved BC Guideline

Total Copper (Cu) ug/L 0.05 2.03 2.25 2.23 2.09 2.25 2.17 2 2.494 Approved BC Guideline

Total Lead (Pb) ug/L 0.005 0.044 0.039 0.038 0.037 0.048 0.0412 3 Approved BC Guideline

Total Lithium (Li) ug/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 14 870 Working BC Guideline

Total Manganese (Mn) ug/L 0.05 25.2 21.3 21.3 24.4 21.5 22.74 700 800 Approved BC Guideline

Total Molybdenum (Mo) ug/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 1000 2000 Approved BC Guideline

Total Nickel (Ni) ug/L 0.02 0.99 0.65 0.64 0.58 0.56 0.684 25 Working BC Guideline

Total Selenium (Se) ug/L 0.04 <0.04 <0.04 <0.04 <0.04 <0.04 2 Approved BC Guideline

Total Silver (Ag) ug/L 0.005 0.007 <0.005 <0.005 <0.005 0.006 0.0065 50 100 Approved BC Guideline

Total Strontium (Sr) ug/L 0.05 11.3 12.1 13.7 16.6 17.1 14.16 n/a n/a

Total Thallium (Tl) ug/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.3 Working BC Guideline

Total Tin (Sn) ug/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.022 Working BC Guideline

Total Uranium (U) ug/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 300 Working BC Guideline

Total Vanadium (V) ug/L 0.2 <0.2 0.2 0.4 0.4 0.3 0.325 6 Working BC Guideline

Total Zinc (Zn) ug/L 0.1 2.9 3.0 2.6 2.2 2.2 2.58 7.5 33 Approved BC Guideline

Total Calcium (Ca) mg/L 0.05 3.02 2.88 3.11 3.97 4.14 3.424 4 Working BC Guideline

Total Magnesium (Mg) mg/L 0.05 0.35 0.34 0.38 0.47 0.45 0.398 0.628 0.597 Approved BC Guideline

BC Water Quality Guidelines
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Appendix D: Cont 

Sample Site #3

Sampling Date 7/12/11 7/17/11 7/24/11 8/1/11 8/7/11 30 Day Mean Max

Maxxam ID AZ2942 BA6231 BC1574 BD7903 BF0776

FIELD MEASRUREMENTS Units RDL

Temperature C 4.6 3.1 4.9 6.2 10.8 5.92 9-12 Approved BC Guideline

Disolved Oxygen mg/L 11.22 11.66 11.34 11.03 10.67 11.184 8 5 (min) Approved BC Guideline

Specific Conductivity µs/cm 34 32.2 24.2 26.4 29.9 29.34

Calculated Parameters

Total Hardness (CaCO3) mg/L 5.1 5.7 5.3 6.3 6.8 5.84

Anions

Dissolved Chloride (Cl) mg/L 0.5 2.5 2.5 1.0 1.3 1.4 1.74 150 600 Approved BC Guideline

Nutrients

Total Phosphorus (P) mg/L 0.002 0.003 0.004 0.003 0.003 0.006 0.0038

Physical Properties

pH pH Units 6.94 6.63 6.94 7.02 7.36 6.978 6.6-7.8 Approved BC Guideline

Total Suspended Solids mg/L 1 1 <1 <1 <1 <1 1 6 26 Approved BC Guideline

Turbidity NTU 0.1 2.2 2 1.3 0.8 1.0 1.46 3.04 6.04 Approved BC Guideline

Total Metals by ICPMS

Total Aluminum (Al) ug/L 0.2 104 156 90.1 70.0 68.8 97.78 100 CCME

Total Antimony (Sb) ug/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 20 Working Guideline

Total Arsenic (As) ug/L 0.02 0.31 0.28 0.48 0.56 0.77 0.48 5 Approved BC Guideline

Total Barium (Ba) ug/L 0.02 0.76 0.86 0.74 0.76 0.82 0.788 1000 5000 Working BC Guideline

Total Beryllium (Be) ug/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 5.3 Working BC Guideline

Total Bismuth (Bi) ug/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 n/a n/a

Total Boron (B) ug/L 50 <50 <50 <50 <50 <50 <50 1200 Approved BC Guideline

Total Cadmium (Cd) ug/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.0263 Working BC Guideline

Total Chromium (Cr) ug/L 0.1 0.2 0.2 0.1 <0.1 <0.1 0.166666667 n/a n/a

Total Cobalt (Co) ug/L 0.005 0.106 0.120 0.144 0.166 0.197 0.1466 4 110 Approved BC Guideline

Total Copper (Cu) ug/L 0.05 1.03 1.35 0.90 0.74 0.92 0.988 2 2.494 Approved BC Guideline

Total Lead (Pb) ug/L 0.005 0.035 0.055 0.021 0.018 0.021 0.03 3 Approved BC Guideline

Total Lithium (Li) ug/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 14 870 Working BC Guideline

Total Manganese (Mn) ug/L 0.05 6.05 6.23 11.8 17.3 17.1 11.696 700 800 Approved BC Guideline

Total Molybdenum (Mo) ug/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 1000 2000 Approved BC Guideline

Total Nickel (Ni) ug/L 0.02 0.22 0.25 0.26 0.25 0.25 0.246 25 Working BC Guideline

Total Selenium (Se) ug/L 0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 2 Approved BC Guideline

Total Silver (Ag) ug/L 0.005 <0.005 <0.005 <0.005 <0.005 0.007 0.007 50 100 Approved BC Guideline

Total Strontium (Sr) ug/L 0.05 5.66 6.01 8.16 9.96 10.4 8.038 n/a n/a

Total Thallium (Tl) ug/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.3 Working BC Guideline

Total Tin (Sn) ug/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.022 Working BC Guideline

Total Uranium (U) ug/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 300 Working BC Guideline

Total Vanadium (V) ug/L 0.2 <0.2 0.4 <0.2 <0.2 <0.2 0.4 6 Working BC Guideline

Total Zinc (Zn) ug/L 0.1 0.9 1.0 1.3 1.0 1.2 1.08 7.5 33 Approved BC Guideline

Total Calcium (Ca) mg/L 0.05 1.53 1.70 1.69 2.05 2.24 1.842 4 Working BC Guideline

Total Magnesium (Mg) mg/L 0.05 0.31 0.34 0.25 0.30 0.29 0.298 0.628 0.597 Approved BC Guideline

BC Water Quality Guidelines
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Appendix E: Summary of Data Analysis 

F-Test p=0.05 T-Test p=0.05 F-Test p=0.05 T-Test p=0.05

P

Accept 

Hypothesis P

Accept 

Hypothesis P

Accept 

Hypothesis P

Accept 

Hypothesis 

Total Hardness (CaCO3) 0.5787 Yes 0.0010 No 0.2926 Yes 0.4000 Yes

Dissolved Chloride (Cl) 0.9394 Yes 0.0496 No 0.1354 Yes 0.1185 Yes

Total Phosphorus (P) 0.5494 Yes 0.7209 Yes 0.4551 Yes 0.4706 Yes

pH 0.5283 Yes 0.0753 Yes 0.5319 Yes 0.3229 Yes

Total Suspended Solids 0.0530 No

Turbidity 0.0055 No 0.0050 No 0.1253 Yes 0.2146 Yes

Total Aluminum (Al) 0.7318 Yes 0.0009 No 0.1209 Yes 0.3282 Yes

Total Arsenic (As) 0.1040 Yes 0.0028 No 0.4929 Yes 0.7101 Yes

Total Barium (Ba) 0.1248 Yes 0.0118 No 0.3038 Yes 0.6732 Yes

Total Chromium (Cr) 0.7040 Yes 0.2429 Yes 0.7040 Yes 0.5454 Yes

Total Cobalt (Co) 0.2857 Yes 0.0001 No 0.9434 Yes 0.0313 No

Total Copper (Cu) 0.2950 Yes 0.0000 No 0.6783 Yes 0.0282 No

Total Lead (Pb) 0.8511 Yes 0.0008 No 0.0558 Yes 0.5239 Yes

Total Manganese (Mn) 0.2586 Yes 0.0001 No 0.4059 Yes 0.1368 Yes

Total Nickel (Ni) 0.0064 No 0.0032 No 0.1705 Yes 0.0680 Yes

Total Strontium (Sr) 0.6752 Yes 0.2388 Yes 0.4550 Yes 0.0711 Yes

Total Zinc (Zn) 0.9894 Yes 0.0060 No 0.1399 Yes 0.0168 No

Total Calcium (Ca) 0.5398 Yes 0.0009 No 0.4980 Yes 0.5022 Yes

Total Magnesium (Mg) 0.7354 Yes 0.0038 No 0.4487 Yes 0.1740 Yes

Temperature 0.2747 Yes 0.2983 Yes 0.3732 Yes 0.2362 Yes

Disolved Oxygen 0.0825 Yes 0.0333 No 0.0137 Yes 0.0470 No

Specific Conductivity 0.8557 Yes 0.0002 No 0.8107 Yes 0.0828 Yes

µ1 vs µ2 µ1 vs µ3
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Appendix F: Descriptive Statistics of Water Chemistry 

 

Mean Standard Deviation Variance Mean Standard Deviation Variance Mean Standard Deviation Variance

Total Hardness (CaCO3) 5.260 1.252 1.568 10.180 1.686 2.842 5.840 0.706 0.398

Dissolved Chloride (Cl) 1.100 0.308 0.095 1.560 0.321 0.103 1.740 0.709 0.402

Total Phosphorus (P) 0.005 0.002 0.000 0.005 0.001 0.000 0.004 0.001 0.000

pH 6.826 0.186 0.035 7.124 0.261 0.068 6.978 0.261 0.054

Total Suspended Solids 1.000 3.200 2.168 4.700 1.000

Turbidity 1.040 0.261 0.068 3.600 1.468 2.155 1.460 0.615 0.302

Total Aluminum (Al) 79.160 14.975 224.248 133.800 17.978 323.200 97.780 35.703 1019.762

Total Antimony (Sb) 0.020 0.022 0.004 0.000 <0.02

Total Arsenic (As) 0.438 0.138 0.019 1.316 0.345 0.119 0.480 0.200 0.032

Total Barium (Ba) 0.768 0.088 0.008 1.144 0.207 0.043 0.788 0.050 0.002

Total Beryllium (Be) 0.010 0.010 0.010

Total Bismuth (Bi) 0.005 0.005 0.005

Total Boron (B) 50.000 50.000 50.000

Total Cadmium (Cd) 0.005 0.013 0.006 0.000 0.005

Total Chromium (Cr) 0.120 0.045 0.002 0.160 0.055 0.003 0.140 0.055 0.002

Total Cobalt (Co) 0.088 0.035 0.001 0.353 0.063 0.004 0.147 0.036 0.001

Total Copper (Cu) 0.636 0.182 0.033 2.170 0.103 0.011 0.988 0.227 0.041

Total Lead (Pb) 0.025 0.005 0.000 0.041 0.005 0.000 0.030 0.015 0.000

Total Lithium (Li) 0.500 0.500 0.500

Total Manganese (Mn) 6.746 3.531 12.467 22.740 1.903 3.623 11.696 5.531 24.475

Total Molybdenum (Mo) 0.050 0.050 0.050

Total Nickel (Ni) 0.210 0.032 0.001 0.684 0.175 0.031 0.246 0.015 0.000

Total Selenium (Se) 0.040 0.040 0.040

Total Silver (Ag) 0.005 0.007 0.001 0.000 0.007

Total Strontium (Sr) 11.772 3.263 10.650 14.160 2.609 6.808 8.038 2.183 3.811

Total Thallium (Tl) 0.002 0.002 0.002

Total Tin (Sn) 0.010 0.010 0.010

Total Uranium (U) 0.002 0.050 0.002

Total Vanadium (V) 0.267 0.325 0.096 0.009 0.240

Total Zinc (Zn) 1.700 0.374 0.140 2.580 0.377 0.142 1.080 0.164 0.022

Total Calcium (Ca) 1.680 0.421 0.177 3.424 0.585 0.342 1.842 0.293 0.068

Total Magnesium (Mg) 0.258 0.049 0.002 0.398 0.059 0.003 0.298 0.033 0.001

Temperature 9.180 4.764 22.697 6.420 2.624 6.887 5.920 2.942 6.926

Disolved Oxygen 9.146 1.626 2.644 11.392 0.607 0.369 11.184 0.367 0.108

Site 1 Site 2 Site 3
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Appendix G: Results of the Biological Sampling 
Taxonomist: Sue Salter

suesalter@shaw.ca

250-494-7553

Date Prepared: 11/9/2011

Site - R50185305 Sample - Upper Paradise u/s Nortic Rd, CC# - CC120396, EMS - E286969, Percent sampled = 24, Sieve size = 400

Ceratopogonidae Juvenile/Damaged 2

Probezzia sp. Larvae 1

Zavrelia sp. 4

Micropsectra sp. 16

Brillia sp. 5

Eukiefferiella sp. 78

Heleniella sp. 7

Orthocladius complex 5

Paraphaenocladius sp. 24

Zavrelimyia sp. 1

Chelifera/ Metachela Larvae 2

Clinocera sp. Larvae 5

Simuliidae Pupa 2

Prosimulium sp. Larvae 1

Baetis sp. Larvae 23

Baetis bicaudatus Larvae 16

Ephemerellidae Juvenile/Damaged 19

Drunella coloradensis Larvae 2

Drunella doddsi Larvae 3

Ephemerella sp. Larvae 2

Heptageniidae Juvenile/Damaged 2

Cinygmula sp. Larvae 9

Epeorus sp. Larvae 2

Leptophlebiidae Juvenile/Damaged 16

Capniidae Juvenile/Damaged 1

Suwallia sp. Larvae 4

Sweltsa sp. Larvae 9

Visoka cataractae Larvae 11

Zapada sp. Larvae 7

Megarcys sp. Larvae 2

Micrasema sp. Larvae 8

Glossosoma sp. Larvae 1

Cryptochia sp. Larvae 3

Ecclisocosmoecus scylla Larvae 7

Wormaldia sp. Larvae 2

Rhyacophila sp. Larvae 7

Neothremma sp. Larvae 1

Ostracoda 16

Hydrovolzia sp. Adult 2

Lebertia sp. Adult 7

Sperchon sp. Adult 8

Torrenticola sp. Adult 7

Lumbriculidae 2

Nemata 30

Turbellaria 32

Collembola 1

Hydrozetidae Adult 2

Prostigmata Juvenile/Damaged 2 deutonymph  
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Appendix G: Cont 

Site - R50185306 Sample - Trib Paradise Creek, CC# - CC120397, EMS - E286470, Percent sampled = 100, Sieve size = 400

Diptera Larvae 1

Orthocladius complex 2

Orthocladius lignicola 1

Paraphaenocladius sp. 4

Tvetenia sp. 19

Zavrelimyia sp. 1

Oreogeton sp. Larvae 3

Hexatoma sp. Larvae 2

Ephemeroptera Adult 1

Ameletus sp. Larvae 4

Ephemerellidae Juvenile/Damaged 12

Drunella coloradensis Larvae 6

Drunella doddsi Larvae 1

Heptageniidae Juvenile/Damaged 3

Epeorus sp. Larvae 74

Leptophlebiidae Juvenile/Damaged 4

Suwallia sp. Larvae 5

Sweltsa sp. Larvae 6

Visoka cataractae Larvae 1

Zapada sp. Larvae 2

Perlodidae Juvenile/Damaged 2

Megarcys sp. Larvae 1

Skwala sp. Larvae 3

Parapsyche sp. Larvae 1

Limnephilidae Juvenile/Damaged 2

Cryptochia sp. Larvae 1

Ecclisocosmoecus scylla Larvae 1

Rhyacophila sp. Larvae 14

Ostracoda 2

Protzia sp. Adult 1

Lebertia sp. Adult 2

Sperchon sp. Adult 2

Torrenticola sp. Adult 1

Lumbriculidae 85

Turbellaria 20

Collembola 2

Staphylinidae Adult 1

Hydrozetidae Adult 1

Mallochohelea Larvae 2

Total: 296  

 

 

 


