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Project Highlights 
o The health of Windermere Creek was reviewed using the results of benthic invertebrate 

and water quality monitoring from 2009 to 2012. Monitoring was conducted at four sites 
on the mainstem, representative of the upstream section of the creek, the mid-stream 
section, and the furthest downstream section.  

o Overall, the monitoring results showed variability in the health of the Windermere Creek. 
Indications of stress were apparent throughout the creek at various times. The most 
apparent water quality impact with the potential to impair benthic community health was 
elevated turbidity. Monitoring results showed how stream health can recover under 
improved conditions. 

o The upstream site (NAWIN01) was stressed in 2010 but only potentially stressed in 
following years. The stressed condition was indicated by several macroinvertebrate 
community indices. The stressed macroinvertebrate condition was attributed to habitat 
impacts which caused reduced depth and velocity, and increased embeddedness of 
dominant substrate with fine substrate. The cause of these conditions is unknown.  

o The initial mid creek study site (NAWIN02) was only monitored in 2009 and 2010, since it 
was buried by an erosion event in 2011. The event is an example of ongoing erosion 
concerns in the watershed. Prior to this event, the site was unstressed with no water 
quality concerns. Its replacement (NAWIN04) provided another example of conditions 
improving with time. NAWIN04 was potentially stressed in 2011, and was similar to 
reference condition in 2012. Water quality remained consistent through this period.   

o The downstream site (NAWIN03) located near the Windermere Creek outlet to 
Windermere Lake was found to be in good condition (potentially stressed) in 2010. The 
site showed a dramatic decline in benthic community health in 2011 and 2012 as a result 
of extreme sediment loading. The decline was evident as no to very low abundance of 
invertebrates. Water quality sampling at NAWIN03; however, revealed that there have 
been elevated turbidity values periodically since 2011. Transport and deposition of 
excessive suspended sediments in streams is detrimental to aquatic organisms including 
plants, invertebrates, and fish. Additionally, elevated turbidity in streams is a concern for 
raw drinking water. Erosion sources have been identified with evidence that they will 
persist into the future (McCleary 2012). Thus, options to stabilize the channel should be 
sought. 

o Sediment quality (only monitored at NAWIN03) revealed elevated arsenic concentrations 
relative to guidelines in 2011 and 2012. The likelihood of effects on the biological 
community was uncertain at the concentrations measured. This is because arsenic 
exceeded the low effect guideline, above which adverse biological effects are expected to 
only rarely occur (CCME 2001). The probable effect level guideline, above which adverse 
biological effects are expected, was not exceeded. 

o Stream temperature at NAWIN01 was generally lower than NAWIN03 and monthly 
average stream temperature values were within the optimal range for westslope cutthroat 
trout and bull trout rearing.   
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1 Introduction 
Community-based water quality monitoring in the Columbia River basin plays an important role in 
preserving watershed function for sustainable communities and ecosystems. It is imperative that 
current and future water quality and quantity concerns be assessed in the Columbia River basin 
as environmental change poses substantial risk to ecosystem and societal health. Changes in 
landuse and climate pose the greatest threat to both water quality and water quantity in the 
Columbia River basin. Current and future reductions in snow accumulation (Barnett et al. 2008) 
and glacial ice (Jost et al. 2012) have been shown to result in reduced water supply in the 
Columbia basin, particularly for the low flow summer periods (Burger et al. 2011). Lower 
streamflow leads to a reduced ability for streams to dilute pollution, potentially resulting in 
substantial water quality issues. In addition to climate change, the diverse land uses of the 
Columbia River basin, including: recreational and industrial development, streamflow regulation, 
municipal and industrial waste water, and non-point source pollution present a challenge for 
community-based water quality management. 

A first step in addressing present and future water quality and quantity issues is developing 
community awareness and involvement. The Columbia Basin Watershed Network (CBWN) is an 
environmental stewardship project funded by the Columbia Basin Trust (CBWN 2012). The 
CBWN provides support to organizations, individuals and local water stewardship groups that 
undertake activities to conserve and monitor rivers and lakes throughout the Canadian Columbia 
River Basin (CBWN 2009). In response to local support, the CBWN has developed a long-term 
Water Quality Monitoring Project (WQMP), with the following goals (CBWN 2009):  

1. Develop a science-based model for community-based water quality monitoring; 

2. Establish online accessibility to water quality data; and, 

3. Link the monitoring project with community awareness activities. 

In order to meet these goals, Wildsight, through its now complete Lake Windermere Project, have 
been conducting water quality monitoring in Windermere Creek from 2009 to 2012. Monitoring 
has included benthic macro-invertebrate assessment, water and sediment quality assessment, 
and continual temperature monitoring. 

1.1 Monitoring sites  

Windermere Creek is proximal to the District of Invermere in the East Kootenay Region. 

Windermere Creek was chosen for sampling because it is the largest tributary to Windermere 

Lake other than the Columbia River. Monitoring sites were selected to obtain an understanding 

of water quality effects potentially resulting from several developments in the area. There have 

been four sites sampled on Windermere Creek (Figure 1):  

o Site 1 (NAWIN01) is the farthest upstream sampling site and is located upstream of a gypsum 

mine. The site does not stay wetted year round, it typically dries up in the winter.  

o Site 2 (NAWIN02) is located downstream of a gypsum mine, and upstream of a golf course. 

Site 4 was established to replace it because a large erosion event occurred upstream of this 

site in the spring of 2011.  

o Site 3 (NAWIN03). Is the furthest downstream site. Kokanee spawn at Site 3, but a barrier at 

Hwy 93/95 precludes access further upstream (H. Leschied pers. comm). Upstream 

influences include a gypsum mine, golf course, agriculture and residential development. 
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o Site 4 (NAWIN04). Site 4 is located downstream of the gypsum mine and replaced Site 2 in 
2011.  

 
In addition to the above mentioned developments, other potential influences on water quality in 
the Windermere Creek watershed, include: water licenses (Ó45 which generally are not monitored 
for withdrawals), some logging high in the watershed, and mining roads. 

1.2 Fish community 

The fish community in Windermere Creek is comprised of five native and one non-native species 

(Table 1). Westslope cutthroat trout are recognized as a species of Special Concern in BC and 

are listed as a species of Special Concern throughout their range in British Columbia under the 

federal Species at Risk Act (SARA). Kokanee are only known to occur near the mouth of 

Windermere Creek due to a culvert that acts as a barrier to upstream migration.  

Table 1. Fish species in Windermere Creek. Source: BC Ministry of Environment (2013) 

Species - common name Scientific name 

Native species  
Westslope cutthroat trout  Oncorhynchus clarkii lewisi 
Rainbow trout O. mykiss 
Kokanee O. nerka  
Mountain whitefish  Prosopium williamsoni 
Sculpin spp.  Cottus spp 
Non ï native (naturalized)   
Eastern brook trout  Salvelinus. fontinalis  

1.3 Objectives 

The objectives of this water quality monitoring report are as follows:  

1. Present CABIN, sediment and water quality, and continual stream temperature data 
collected to date in a format that can be used for analysis and ongoing assessment.  

2. Analyse biological monitoring data (CABIN). Complete the analysis using the analytical 
tools in the CABIN database by classifying benthic invertebrate community stress at 
sampling sites according the Reference Condition Approach and calculating invertebrate 
community metrics. 

3. Analyse water and sediment quality data to identify if there were any parameters of 
potential concern in the study area. Complete this review by comparing monitoring results 
to applicable federal and provincial guidelines for the protection of aquatic life and drinking 
water, where available.  

4. Analyse stream temperature data obtained from the continual data logger(s). 

5. Relate biological results to water/sediment quality and stream temperature findings.  

6. Provide recommendations for future stream health data collection including applicable 
data to be collected, locations to be sampled, and procedures.   
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Figure 1. Windermere Creek water quality monitoring sites 
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2 Methods 

2.1 General data collection  

Canadian Aquatic Biomonitoring Network (CABIN) techniques were used to collect data on 

benthic macro-invertebrates, habitat and water quality. Data were collected following the CABIN 

Field Procedures for Wadeable Streams (Environment Canada 2012a) and the CBWQMP 

Operating Procedures (CBWQMP 2012). CABIN sampling was conducted once a year in the fall 

at all three sites between 2010 and 2012 (Table 2). Invertebrate samples were analysed by 

EcoAnalysts1 following CABIN laboratory methods (Environment Canada 2012b). All data were 

entered into the online CABIN database which was used to analyse findings and provide site 

reports. 

Table 2. Summary of monitoring completed. 

 Site Code  
NAWIN01 NAWIN02 NAWIN03 NAWIN04 

Location Upstream site Middle site Downstream site Middle site(#2) 

Development Pressures Logging, roads 
Logging, 
roads, gypsum 
mine  

Logging, roads, 
gypsum mine, golf 
course, residential 
development 

Logging, roads, 
gypsum mine 

Year 
Monitored 

CABIN 
(annually) 

2009-2012 2009, 2010 2010, 2011, 2012 2011, 2012 

WQ-non 
metals 

2009-2013 
(annually) 

2009, 2010 
(annually) 

2009-2013 
(monthly) 

2011-2013 
(annually) 

*WQ -
metals 

- - 
2009, 2010 
(annually) 

- 

Sediment 
Quality 

- - 
2011-2013 
(annually) 

- 

Temp. 
(hourly) 

Jun-Nov 2009 
May-Oct 2010 
Jun to Oct 2011 
Jun to Nov 2012 

- 

Jul-Nov 2009 
May to Oct 2010 
Jun to Oct 2011 
Jun to Nov 2012 

Jun to Nov 2012 

*WQ ï water quality 

 

Water and sediment quality data was collected following CBWQMP Operating Procedures 

(CBWQMP 2012). The frequency and type of data collected was variable and are summarized in 

Table 2. Water quality parameters measured in the field (in situ) included temperature, turbidity, 

pH, specific conductivity, and dissolved oxygen. Parameters analysed in the laboratory included 

inorganics, nutrients, and metals. Maxxam (Burnaby, BC) completed laboratory water and 

sediment quality analysis.  

Hourly stream temperature (°C) was measured using HOBO Pro V2 temperature loggers. Table 2 

summarizes the period of collection for each site.  

                                                
1 www.ecoanalysts.com 
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2.2 General data analysis 

The Reference Condition Approach (RCA) in CABIN was used to determine the condition of the 

benthic invertebrate community at the test sites by comparing each test site to a group of 

reference sites with similar environmental characteristics.  

Using the Analytical Tools in the CABIN database, four analyses were used to review invertebrate 

test site data (Steps 1a ï 1d in Figure 2): BEnthic Assessment of SedimenT (BEAST), River 

Invertebrate Prediction and Classification System (RIVPACS), community composition metrics, 

and habitat metrics.  

The reference model used in the RCA analysis was the Preliminary Okanagan-Columbia 

Reference Model (2010) provided in the online CABIN database. Because the model was still 

considered preliminary, with some potential data gaps, caution was exercised when interpreting 

RCA results (obtained from Steps 1a to 1d). Furthermore, it was important that all subsequent 

analyses (Steps 2 and 3) were conducted.  

 

Figure 2. Stream condition analysis steps. 

2.3 CABIN data analysis 

2.3.1 Reference Condition Approach: BEAST analysis and site assessment  

BEAST analysis was used to compare test sites to a reference group from the preliminary 

Okanagan-Columbia reference model provided by Environment Canada through the CABIN 

database. BEAST uses a classification analysis that determines the probability of test site 

3. Stream Temperature 
Did values deviate from site-specific reference conditions for the watershed?

2. Water Quality 
Did any parameters exceed accepted water quality guidelines?

d. Habitat Metrics
What was the habitat quality?

c. Community Composition Metrics
What was the test site community composition?

b. RIVPACS Analysis
What taxa were expected at the test site and what was found?

a. Beast Analysis
Appropriate reference sites Community comparison to reference

1. CABIN Data Assessment
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membership to a reference group based on habitat variables (Rosenberg et al. 1999). Habitat 

variables used to predict group membership in the Okanagan-Columbia reference model include 

latitude, longitude, percent area of watershed with a gradient <30%, percent area of watershed 

with permanent ice cover, and average channel depth.  

CABIN model hybrid multi-dimensional scaling ordination assessment was then used to evaluate 

benthic community stress based on divergence from reference condition. This analysis placed 

test sites into assessment bands corresponding to a stress level ranging from unstressed to 

severely stressed. In the ordination assessment, sites that are unstressed fall within the 90% 

confidence ellipse around the cloud of reference sites which means that their communities are 

similar or equivalent to reference (Rosenberg et al. 1999). Potentially stressed, stressed and 

severely stressed sites fall outside of the 90%, 99% and 99.9% confidence ellipses and indicate 

mild divergence, divergence, or high divergence of the benthic community from reference 

condition (Rosenberg et al. 1999). 

2.3.2 RIVPACS analysis 

RIVPACS ratios were calculated in the Analytical tools section of the CABIN database. RIVPACS 

analysis relies on presence/absence data for individual taxa. The RIVPACS ratio determines the 

ratio of observed taxa at test sites to taxa expected to be present at the test site based on their 

presence at reference sites. A RIVPACS ratio close to 1.00 indicates that a site is in good 

condition as all taxa expected to be present were found at the test site. A RIVPACS ratio >1.00 

can indicate community enrichment while a ratio <1.00 can indicate that a benthic community is 

in poor condition. 

2.3.3 Community composition metrics 

Benthic community composition metrics were calculated in the CABIN database using the Metrics 

section of the Analytical Tools menu. A collection of relevant measures of community richness, 

abundance, diversity and composition were selected to describe the test site communities. Using 

metrics, indicator attributes were used to interpret the response to environmental disturbances. 

Metrics are complimentary to an RCA analysis. 

2.3.4 Habitat metrics 

Physical stream habitat characteristics are measured as part of standard CABIN Field protocols 

(Environment Canada 2012a). These characteristics include channel width, depth and velocity, 

riparian vegetation amount and type, periphyton and canopy coverage, and substrate 

embeddedness. Habitat characteristics were compared between years at each site in order to 

identify any variation in habitat with the potential to influence benthic invertebrate community 

composition and health. 
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2.4 Water quality data analysis 

2.4.1 Water quality QA/QC 

Raw data were first subjected to a quality control evaluation to assess the accuracy and precision 

of the laboratory and field methods. For all sediment and water samples analysed, the laboratory 

assessed accuracy through the use of matrix spike, spiked blank, and method blank samples. As 

well, the laboratory measured precision through duplicate sample analysis. As per standard 

practice, all laboratory quality control results were reviewed and confirmed to meet standard 

criteria prior to proceeding with processing of field samples (Maxxam 2012). 

Field duplicates were submitted to the laboratory to measure both field sampling error plus local 

environmental variance. Duplicate review was based on relative percent difference (RPD) as 

determined by Equation 1. For duplicate values at or greater than five times the MDL, a RPD 

values >20% indicates a possible problem, and > 50% indicates a definite problem, most likely 

either contamination or lack of sample representativeness (BC MoE 2003). An RPD value greater 

than or equal to 30% was considered an alert level (Horvath pers. comm.). Where RPD values 

were greater than 30%, the source of the problem was determined, and the impact upon the 

sample data ascertained (BC MoE 2003). If data were found to be within acceptable ranges, 

subsequent analyses included only the first of the duplicate samples. 

Equation 1: Duplicate sample quality control 

Relative Percent Difference = (Absolute difference of duplicate 1 and 2/average of duplicate 1 

and 2)*100 

Duplicate 1 ï Duplicate 2 
 (Duplicate 1+Duplicate 2)/2       

 

Field blank data were collected to monitor possible contamination prior to receipt at the laboratory. 

Field blanks were compared using Equation 2. Field blank values that were 2 times greater than 

the reportable detection limit were considered levels of alert (Maxxam 2012, Horvath pers. 

comm.). Field blank values that exceeded the alert level were reviewed in more detail to identify 

the potential source(s) for contamination; as well other data on that day were compared to 

historical data to identify if there were anomalies possibly related to contamination.  

Equation 2: Field Blank sample quality control 

Field Blank Value 
Reportable Detection Limit (RDL) 

2.4.2 Guideline review 

A guideline is a maximum and/or a minimum value for a characteristic of water, sediment or biota, 

which in order to prevent specified detrimental effects from occurring, and should not be exceeded 

(Nagpal 2001). Water quality results were compared to the applicable provincial and federal 

guidelines for the protection of aquatic life and drinking water (Table 3). Sediment quality results 

 X 100 RPD= 

Blank x difference = 
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were also compared to the applicable British Columbia and Canadian guidelines for the protection 

of aquatic life.  

Table 3. Provincial and federal guidelines applicable to the protection of aquatic life (sediment and 
water quality) and drinking water (water quality only). 

Document 
Sediment 
Quality ï 

Aquatic Life 

Water Quality 
ï Aquatic Life 

Water Quality 
ï Drinking 

Water 

Federal 

Canadian Water Quality Guidelines 
(CCME 1999a) 

 X  

Guideline for Canadian Drinking water 
quality (Health Canada 2012) 

  X 

Canadian Sediment Quality Guidelines 
(CCME 1999b) 

X   

Provincial 

Approved Water Quality Guidelines 
(Government of BC 2013) 

X X X 

Working Water Quality Guidelines for 
BC (Nagpal et al. 2006) 

X X X 

* CCME - Canadian Council of Ministers of the Environment 

When long-term and short-term exposure guidelines were available, the long-term guideline was 

used in the review, since sampling was assumed to have occurred under ónormalô conditions. As 

well, to characterize water and sediment quality, all guideline thresholds were considered in this 

review. An exceedance of any of the thresholds was flagged to provide an understanding of the 

potential risks to aquatic organisms.  

The transpose add-in tool created by GranDuke Geomatics (2013a) was used to automate the 

addition of new water quality data from Maxxam into existing CBWN datasets. Using Visual Basic 

for Applications (VBA) users opened MS Excel files from Maxxam and chose which MS Excel file 

to append the new data into. The add-in matches parameter names between files and converts 

units (e.g., between µm and mg) flagging the data cells that were successfully transferred. The 

Automated Guideline Assessment Tool for High-speed Analysis (AGATHA), also developed by 

GranDuke Geomatics (2013b) was then used to compare measured water and sediment quality 

values to the applicable published guidelines. The interface to AGATHA for the CBWQMP was 

provided through Microsoft Excel. AGATHA highlighted values that were above or below 

published guidelines and provided links to guidelines where further information could be attained. 

AGATHA automatically monitors the national and provincial guidelines for changes, ensuring 

guideline checks are up-to-date into the future. 

2.5 Stream temperature analysis 

HOBOware was used to process the data and Microsoft Excel was used for the stream 

temperature analysis. Daily stream temperature data were analyzed using descriptive statistics 

(average, standard deviation). Monthly averages of daily average and standard deviations were 
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derived for each year and site. The monthly average of daily average stream temperature values 

were compared against the optimal thermal ranges for the rearing life history stage of westslope 

cutthroat trout and bull trout.  

3 Results  

3.1 CABIN results  

3.1.1 Reference Condition Approach: BEAST analysis and site assessment 

Through a comparison of habitat and landscape predictor variables, CABIN BEAST analysis 
assessed Sites 1 and 2 to Reference Group 5 (Table 4). Sites 1 and 2 are located in the Western 
Continental Ranges Ecoregion. Reference Group 5 was comprised of 33 sites, including sites 
from this ecoregion. The landscapes of the test sites and the reference group were thus 
comparable. Sites 3 and 4 were predicted to Reference Group 3. Reference Group 3 includes 17 
sites, which include locations in the Western Continental Range eco-region, the ecoregion of Site 
4. Reference Group 3 did not include any reference sites from the Southern Rocky Mountain 
Trench Ecoregion, which is where Site 3 is situated. However, other predictor variables were 
important in confirming the applicability of the reference groups to the test sites, including for 
example, mean average channel depth. Reference groups 3 and 5 had the shallowest mean 
channel depths of any reference groups (21.5 cm and 22.5 cm respectively) and are therefore 
most similar to average channel depths at Windermere Creek test sites which ranged from 2.3-
26.0 cm.  
 
Through a comparison to reference conditions, the CABIN model assessed Site 1 as ranging from 
unstressed (or similar to reference) to stressed (divergent from reference) over the period from 
2009-2012. Site 2 was classified as potentially stressed (mildly divergent from reference) in both 
2009 and 2010, and Site 3 was assessed as potentially stressed in 2010 and highly stressed 
(highly divergent from reference) in 20112 and 2012. The 2011 stress rating was assumed 
Assessment ordination plots along with community composition and habitat details are included 
in the Site Assessment Reports in Appendix A. 
 
Table 4. CABIN model assessment of test sites against reference condition, and in brackets, 
applicable Okanagan-Columbia reference group and probability of match. 

Site  2009 2010 2011 2012 

NAWIN01  
Unstressed 

(Group 5, 40.4%) 
Stressed 

(Group 5, 40.9%) 

Potentially 
Stressed 

(Group 5, 40.5%) 

Potentially 
Stressed 

(Group 5, 40.4%) 

NAWIN02  
Potentially 
Stressed 

Group 5, 37.4% 

Potentially 
Stressed 

(Group 5, 38.6%) 
- - 

NAWIN03  - 
Potentially 
Stressed 

(Group 3, 35.8%) 

Highly Stressed 
 

Highly Stressed 
(Group 3, 35.4%) 

NAWIN04 - - 
Potentially 
Stressed 

(Group 3, 37.9%) 

Unstressed 
(Group 3, 38%) 

                                                
2 The 2011 stress rating was applied to this site as no invertebrates were present during sampling. 
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3.1.2 RIVPACS analysis 

The RIVPACS Observed:Expected ratios partially support the condition reported through the 

CABIN model. The high RIVPACS ratios (>0.62) generally corresponded with sites/years that 

were either unstressed or potentially stressed (Table 5). These healthy conditions occurred at 

almost all sites and years with the exception of NAWIN01 in 2010 and NAWIN03 in 2011 and 

2012, which were found to be stressed and severely stressed respectively. The RIVPACS ratios 

do not explain the NAWIN01 2010 and NAWIN03 2012 stressed ratings, as they were greater 

than 0.62, which corresponded with healthy conditions at other sites. NAWIN03 in 2011 was 

distinctive in that there were no invertebrates present during sampling. Thus, the site was 

attributed a 0 RIVPACS ratio. 

At all sites, taxa that were expected (based on a probability of >70% occurrence at reference 

sites) but that were absent, were of the orders Ephemeroptera, Plecoptera or Trichoptera (EPT 

taxa). However, the absent taxa as identified through RIVPACS analysis, were not always a direct 

indicator of health since similar taxa were absent both at the healthy sites and at the stressed 

sites (e.g., chloroperlidae, taeniopterygidae, hydropsychidae).  

Table 5 RIVPACS Observed:Expected ratios of taxa at test sites. Taxa* were listed that had a 
probability of occurrence >70% at reference sites but were not observed at the test site. Condition 
indicated as shaded background**   

Site 2009 2010 2011 2012 

NAWIN01 
0.83 

CHLO, HYDR 

0.73 
CHLO, RHYA, 

TAEN 

0.62 
CHLO, HYDR, 
RHYA, TAEN 

0.83 
CHLO, PERLO 

NAWIN02 
0.73 

CHLO, EPHE, 
HYDR 

0.83 
CHLO, HYDR, 

TAEN 
- - 

NAWIN03 - 
0.62 

HYDR, PERLO, 
RHYA, TAEN 

0.0 
BAET, CHIR, CHLO, 

EPHEM, HEPT, 
HYDR, NEMO, 

PERL, RHYA, TAEN 

0.62 
 

NAWIN04 - - 1.04 1.04 

*Macroinvertebrate family abbreviations:  
Order Ephemeroptera: BAET- Baetidae, EPHE-Ephemerellidae, HEPT-Heptageniidae  
Order Plecoptera: CHLO-Chloroperlidae, NEMO-Nemouridae, PERLO-Perlodidae, TAEN-Taeniopterygidae 
Order Trichoptera: HYDR-Hydropsychidae, RHYA-Rhyacophilidae 
Order Diptera: CHIR-Chironomidae 

** Condition: unstressed, potentially stressed, stressed, severely stressed. 
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3.1.3 Community composition metrics  

The site level community composition metrics reflected the CABIN model results showing that 

there were several indices of invertebrate community composition that corresponded with the 

ratings of stream health (Table 6). The stressed rating for NAWIN01 in 2010 corresponded with 

the lowest total abundance reported for the site (669 organisms). Also, the percent EPT was 39% 

in 2010; a value nearly half that exhibited in 2009 when this site was rated as unstressed (Figure 

3). In 2010, the percent of chironomidae was also highest for the site at 50%.  

 

 

Figure 3. Select community composition metrics at site NAWIN01.  

 

The severely stressed rating at NAWIN03 in 2011 corresponds with no invertebrates being 

present during sampling. Similarly, at NAWIN03 in 2012, the severely stressed conditions 

corresponded with an extremely low abundance of benthic invertebrates. The count of 48 was 

only a small fraction of the second lowest abundance at all sites (7% of NAWIN01 in 2010) and 

of the previous abundance recorded at NAWIN03 (1% in 2010).  

There were several sites classified as potentially stressed: NAWIN01 2011, and 2012; NAWIN02 

2009 and 2010; NAWIN03 2010, and NAWIN04 2011. This rating indicates that there may be 

influences causing mild divergence to benthic community health from reference condition. 

However, because benthic invertebrate communities vary naturally from year to year, variation 

caused by water quality or habitat alterations is difficult to differentiate from natural variation when 

the divergence is mild. The metrics should continue to be monitored as yearly data is collected to 

identify any emerging trends. 
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Table 6. Benthic invertebrate community composition metrics measured in 3 min kicknet samples taken at Windermere Creek CABIN sites 

between 2009 and 2012. Condition indicated as shaded background*  

Year 
NAWIN01 NAWIN02  NAWIN03 NAWIN04 

2009 2010 2011 2012 2009 2010 2010 2011 2012 2011 2012 

% Chironomidae 16.9 50.3 29.5 16.2 2.9 56.6 6.8 0 18.8 3.2 8.8 

% Ephemeroptera 31.5 36.9 6.4 11.2 27.1 18.4 46.8 0 10.4 65.5 57.7 

% Ephemeroptera that 
are Baetidae 

44.4 89.2 52.4 77.5 25.3 75.7 95.6 0 60.0 69.5 62.9 

% of 2 dominant taxa 38.2 83.2 89.3 75.7 51.6 70.5 62.8 0 52.1 60.2 59.3 

% of dominant taxa 21.3 50.3 59.9 59.5 37.9 56.6 44.8 0 33.3 45.5 36.3 

% Plecoptera 42.6 1.52 62.3 67.9 13.1 16.1 19.8 0 52.1 19.5 26.1 

% Trichoptera 0.6 0.6 0 0.8 41.8 0.53 0.9 0 4.2 5.0 2.2 

% EPT 75 39 69 39 82 35 67 0 67 90 86 

Ephemeroptera taxa 4 4 3 11 4 4 3 0 2 4 4 

No. EPT taxa 9 9 6 10 15 10 9 0 6 15 11 

# EPT/#Chironomids+ 
#EPT  

0.8 0.4 0.7 0.8 1 0.38 0.9 0 0.8 1.0 0.9 

Plecoptera taxa 4 3 3 4 4 5 5 0 3 6 4 

Shannon-Wiener 
Diversity 

2.1 1.3 1.1 1.4 2.2 1.6 1.7 0 2.0 1.9 1.9 

Simpson's Diversity 0.9 0.6 0.5 0.6 0.8 0.6 0.7 0 0.8 0.7 0.8 

Total Abundance 713 669 1370 2106 5099 3800 5733 0 48 1900 4550 

Total No. of Taxa 13 14 10 15 26 21 16 0 11 22 18 

Trichoptera taxa 1 2 0 3 7 1 1 0 1 5 4 

* Condition: unstressed, potentially stressed, stressed, severely stressed 
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3.1.4 Habitat Metrics 

The habitat metrics were compared between the stressed years/sites to select unstressed or 

potentially stressed years to identify potential influences (Table 7). The average channel depth 

and average velocity at NAWIN01 in 2010 were low compared to other sampling years. The 

average depth in 2010 was 2.3 cm compared to values ranging from 4.3 - 4.9 cm during other 

years at this site. In 2010, the average velocity was 0.09 m/s, while the other years ranged from 

0.16 to 0.25 m/s. NAWIN01 also had an increased embeddedness in 2010 relative to the other 

years monitored. This was evident as the dominant substrate being buried approximately 50% by 

smaller particles (course sand). Infilling of habitat with finer materials, causing shallower depths 

and lower velocities very likely contributed to the decline in invertebrates at NAWIN01 in 2010. 

The habitat data do not help describe the cause of the severely stressed conditions at NAWIN03 

in 2012. In fact, the conditions appeared to improve since embeddedness decreased from 75% 

in 2010 to 0% in 2011 and 2012. However, the comments provided in the 2011 CABIN report at 

this site describe that a major landslide occurred upstream of the site in August; and that a 

tremendous amount of sediment continued to travel downstream. The crew were unable to kick 

for 3 minutes because the net filled with sand. 

 

Table 7. Select habitat indices at NAWIN01 and NAWIN03. Condition indicated as shaded 
background* 

Site Year 
Average 
Depth 
(cm) 

Average 
velocity 

(m/s) 

Wetted 
width 
(m) 

Bankfull 
width 
(m) 

Embededd-
ness (%) 

Dominant 
Substrate/ 

subdominant 

NAWIN01 

2009 4.9 0.25 1.6 3.4 25 
Large 

pebble/gravel 

2010 2.3 0.09 1.2 3.0 50 
Gravel/large 

pebble 

2011 4.3 0.22 2.2 3.6 25 
Small 

pebble/large 
pebble 

2012 4.9 0.16 1.8 3.2 25 
Large 

pebble/small 
pebble 

NAWIN03 

2010 18.2 1.03 2.9 4.3 75 
Gravel/large 

pebble 

2011 26.7 1.05 3.24 - 0 Pebble/gravel 

2012 26.0 1.15 3.2 3.5 0 
Large 

pebble/small 
pebble 

* CABIN model condition: unstressed, potentially stressed, stressed, severely stressed. 
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3.2 Water quality results  

3.2.1 Water quality QA/QC 

The quality control evaluation of water quality data determined that the laboratory and field 

methods were accurate and precise (Appendix B-1). All duplicate sample data were within the 

recommended relative percent difference criteria of less than or equal to 30. Field blank data 

revealed only one value (bicarbonate) to be higher than the alert level of 2 x method detection 

limits. The óregular sampleô bicarbonate values were within the normal range, suggesting no 

contamination.  

3.2.2 Guideline review 

All water quality data are provided in Appendix B.  

Non-metal. Of the non-metal parameters reviewed, dissolved oxygen was the only parameter 

with values that did not meet the guidelines for the protection of aquatic life (Table 8). Dissolved 

oxygen values were below the BC Approved guideline of 8 mg/L at NAWIN03 on December 20, 

2011 (6 mg/L) and at NAWIN04 on October 25, 2011 (7 mg/L).  

 

Table 8.Summary of guideline exceedances for water and sediment quality data for the protection 
of aquatic life (aq. life) and drinking water (drinking). 

Parameter 
Type 

Site  Years assessed Exceedance (intent*, source**): date  

Water,  
non metals 

NAWIN01 
2009 ï 2013  
(annually) 

none 

NAWIN02 
2009, 2010  
(annually) 

none 

NAWIN03 
2009-2013  
(monthly) 

Dissolved Oxygen (Aq. Life, BC Appr.): Dec 

2011 

NAWIN04 
2011, 2012, 2013 
(annually) 

Dissolved Oxygen (Aq. Life, BC Appr.): Oct 

2011 

Water, 
metals 

NAWIN03 2009, 2010 
none 

Sediment, 
metals 

NAWIN03 2011, 2012, 2013  
Arsenic (aquatic life, CCME ISQG):  
    2011, 2012  

Legend: 
*Intent: Aq. Life = Guideline for the protection of aquatic life; Drinking = Guideline for the protection of drinking water. 

**Source:  
BC Appr. = BC Approved Water Quality Guidelines (Government of BC 2013) 
BC Work = BC Working Water Quality Guidelines (Nagpal et al. 2006) 
CCME = Canadian Water Quality Guidelines (CCME 1999a) 
CCME (ISQG or PEL) = Canadian Sediment Quality Guidelines (CCME 1999b) 
HC = Drinking Water Quality Guidelines (Health Canada 2013) 

 

Monthly sampling at NAWIN03 (2010-2013) revealed that turbidity values were often elevated 
relative to background conditions. Turbidity is a measure of the lack of clarity or transparency of 
water. Turbidity increases as the amount of suspended or dissolved material in the water 
increases. The BC guideline for the protection of aquatic life during the period of naturally turbid 
waters (typically mid May through mid July in the Region), is exceeded when induced turbidity 
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(e.g., caused by a development) increases higher than 5 NTU from background levels at any one 
time (Caux et al. 1997). During the clear flow period, the guideline is that induced turbidity should 
not increase 8 NTU from background for a duration of 24 hours, and/or 2 NTU from background 
for a 30 day period. 
 
Even though continual monitoring (daily) with monthly average data was not collected, the basis 
of the guideline was compared to the data collected to provide a measure to assess turbidity 
results. By reviewing the results of all four sites, the clear flow period background turbidity was 
estimated to normally be less than 2 NTU (Figure 4). Thus, during the clear flow period, an 
induced increase to 4 NTU averaged over a 30 day period or an increase to 10 NTU over a 24 
hour period would be cause for potential concern.  

 

 

Figure 4. Average turbidity during clear flow period (mid July to mid May) in Windermere Creek and 
estimated guidelines for the protection of aquatic life. At NAWIN01 n=1 (2010 ï 2013); NAWIN02 n=2; 
NAWIN03 n=10 in 2010 and 2011, n=9 in 2012, n=11 in 2013.  

 

The monthly turbidity values at NAWIN03 during the clear flow period were compared to the 
estimated turbidity guidelines to provide a general indication of potential concerns. Elevated 
turbidity have been observed since 2011 (Figure 4). Between 2011 and 2013, the 4 NTU (30 day 
average guideline) was exceeded 48% of the time, and the 10 NTU (24 hour guideline) was 
exceeded in 18% of samples.  
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Figure 5. Turbidity during the clear flow period (Mid July to mid May) at NAWIN03, relative to the 
estimated guidelines for the protection of aquatic life.  

Turbidity levels measured during the turbid flow period at NAWIN03 indicate a range from 12 to 

359 NTU (Table 9). In recent years, Leschied (pers comm.) has observed that turbidity is often 

elevated following heavy rainfall; the 2011 erosion event was one example. In 2012, water licence 

holders were unable to draw water due to the elevated suspended sediment in the creek 

(Leschied pers. comm). From this limited data set, it was difficult to determine what the normal 

background turbidity would be during the turbid period. However, at other watersheds, it is 

typically below 20 NTU.  

Table 9. Turbidity measured at NAWIN03 during the turbid period (mid May to mid July). 

Date Turbidity (NTU) 

15-Jun-11 179.0 

19-Jul-11 207.0 

30-May-12 26.1 

19-Jul-12 359.0 

14-May-13 40.8 

11-Jun-13 28.6 

8-Jul-13 12.0 

 

Metal water quality data collected at Site 3 in 2009 and 2010 revealed no exceedances of 

guidelines for the protection of aquatic life or drinking water.  

Sediment quality data which was collected annually at NAWIN03 from 2011 to 2013 revealed 

one parameter which exceeded available guidelines for the protection of aquatic life. Arsenic 

concentrations in 2011 and 2012 were approximately 2 times higher than the CCME ISQG 

guideline. The ISQG refers to the Interim Sediment Quality Guideline which is the concentration 

below which adverse biological effects are expected to rarely occur (i.e., fewer than 25% adverse 
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effects occur below this level) (CCME 2001). The CCME probable effect level (PEL) guideline, 

above which adverse effects are expected to occur frequently, was not exceeded for this metal. 

At the levels exhibited at NAWIN03, the impacts on the biological community are uncertain.  

 

3.3 Stream temperature results 

Monthly average stream temperature at NAWIN01 (upstream site) was generally lower relative to 

NAWIN03 (downstream site), with higher variability (Figure 6 and Figure 7). The inter-annual 

variation in monthly average stream temperature at both sites was within 2°C for all months. 

Monthly average stream temperature was highest in August for all years at site NAWIN01, July 

and August values did not substantially differ at site NAWIN03. Monthly average stream 

temperature values were within the optimal range for westslope cutthroat trout and bull trout 

rearing, which are 7°C to 14°C and 6°C to 14°C, respectively.   

 

 

Figure 6. Monthly average stream temperature for July, August, and September from 2009 to 2012 
at NAWIN01. The error bars represent +- 1 standard deviation. 
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Figure 7. Monthly average stream temperature for July, August, September, and October from 2009 
to 2012 at NAWIN03. The error bars represent +- 1 standard deviation. 

 

4 Discussion  
Overall, the monitoring results showed variability in the health of Windermere Creek. Indications 

of stress were apparent throughout the stream at various times, as represented by the four sites 

sampled from 2009 to 2012. The most apparent water quality impact likely to be impairing benthic 

community health was elevated turbidity. Monitoring results showed how conditions can recover 

following impact if conditions improve. 

NAWIN01:  

The upstream site (NAWIN01) was stressed in 2010 but only potentially stressed in following 

years. The stressed condition, was indicated by the macroinvertebrate community which exhibited 

increased numbers of chironomidae, decreased % EPT and decreased total abundance of 

organisms. Chironomidae (non-biting midges) are an indicator of potentially declining condition 

since they are moderately to highly tolerant of pollution (Environment Canada 2013). EPT taxa 

are often used as an indicator of good water quality because most are intolerant of pollution 

(Environment Canada 2013). Total abundance of organisms may decrease in response to water 

quality changes (Rosenberg and Resh 1993). Annual non-metal data, did not indicate elevated 

concentrations relative to water quality guidelines.  

The stressed benthic invertebrate community appeared to be related to habitat condition. Channel 

depth/stream flows were lower in 2010, which is supported by stream temperature in 2010 being 

higher (MacDonald et al. 2013). Some organisms, especially those with external gills and high 

dissolved oxygen requirement (some EPT), need fast flowing highly oxygenated water. The 

dominant substrate was 50% embedded with course sand in 2010. Embeddedness can impact 

macroinvertebrates by decreasing the surface area available for shelter, spawning, and egg 
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incubation (EPA 1998). The cause of the habitat change is unknown. The benthic community has 

recovered since. 

NAWIN02 and NAWIN04:  

The initial mid creek study site as represented by NAWIN02 was monitored only in 2009 and 2010 

since it was buried by an erosion event in 2011. Prior to this event, the site was unstressed with 

no water quality concerns. Its replacement (NAWIN04) provided another example of conditions 

improving with time. NAWIN04 was potentially stressed in 2011 and similar to reference condition 

in 2012. Water quality remained consistent throughout this period.   

NAWIN03:  

The downstream site (NAWIN03) located near the Windermere Creek outlet showed a dramatic 

decline in aquatic health in 2012 relative to 2010. This was evidenced with no invertebrates in 

2011 and a very low abundance of invertebrates in 2012. These impacts were the result of a 

noted erosion event that occurred in 2011 higher in the watershed (Leschied pers. comm.). This 

event is an example of ongoing erosion concerns in the watershed. Data from NAWIN03 revealed 

that there have been elevated turbidity values in the watershed since 2011. Transport and 

deposition of excessive suspended sediments in streams is detrimental to aquatic organisms 

including plants, invertebrates, and fish (Caux et al. 1997). Some effects on fish include clogging 

and abrasion of gills, resistance to disease, and reduced egg-to-fry survival (Singleton 1985). 

Elevated turbidity in streams also is a concern for raw drinking water, with guidelines closely 

following those for the protection of aquatic life. The main sediment source affecting downstream 

areas was determined to be in the lower watershed (McCleary 2012). Severe downcutting of the 

channel was evidenced in a 400 m stretch of the creek and this was expected to likely continue 

to result in sedimentation events for some time before the site stabilizes (McCleary 2012). The 

site had a low variance in stream temperature. 

Sediment quality, which was only monitored at NAWIN03, revealed elevated arsenic 

concentrations relative to guidelines in 2011 and 2012. The likelihood of effect on the biological 

community was uncertain given the concentrations measured. This is because arsenic exceeded 

the ISQG guideline, above which adverse biological effects are expected to only rarely occur 

(CCME 2001).  
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5 Recommendations 
As CABIN data have only been collected for four years at Windermere Creek, it is not possible to 

identify definite trends. Longer term sampling will help confirm biological health and water quality 

conditions. Recommendations for future work are as follows: 

1) Continue to use CABIN to monitor the benthic invertebrate community condition. Preferably 

maintain sites at the upstream, mid-stream and downstream location to aid in determining the 

source for any impacts identified.  

2) Water quality information is a valuable tool to understand the health of the benthic invertebrate 

community. Continued water quality monitoring is thus recommended, which should include: 

o In situ water quality data, preferably collected monthly. This would continue to include 
dissolved oxygen, temperature, conductivity and turbidity. These are informative water 
quality parameters that can help describe benthic invertebrate community trends. 
Collecting this data at all the CABIN sites monthly would be beneficial.  

o Given the turbidity and sedimentation issues seen through this study, it would be valuable 
to develop prescriptions to stabilize eroding banks in Windermere Creek.   

o Non-metal water quality data, annually at all sites and monthly at the downstream site with 
the highest degree of potential anthropogenic influences. There were no values of concern 
related to these parameters, so their continued collection should not be considered a high 
priority. However, they may continue to be collected at the discretion of the project 
management team. Total phosphorus would be a valuable parameter to collect, because 
it would provide information on nutrient contributions which could influence productivity.  

Metal water quality data at the downstream site over three years did not reveal any 
elevated levels of concern. Additional metal water quality data is thus not seen as a priority 
to continue to collect at this time. This data will, however, provide an important baseline 
to return to for comparison in the future.  

Although there was one exceedance of the guidelines (arsenic), there may be limited 
benefits of collecting additional annual sediment data at this time. Similarly to the metal 
water quality recommendation, sediment data may be best used as a baseline for which 
to compare findings into the future at a predetermine time.  

3) We recommend that continuous stream temperature monitoring be conducted year-round at 
NAWIN01, NAWIN03, and NAWIN04. HOBO loggers should be downloaded at least three 
times per year (prior to freshet, post freshet, and prior to winter). 

  



Windermere Creek Water Quality Monitoring Report 2009-2012 

21 

Closing 
We greatly appreciate the opportunity to contribute to the CBWQMP stewardship efforts. This 

program provides valuable information on the environmental condition of water bodies in the 

Columbia Basin.  

 

Sincerely,  

          

Sherri McPherson    Ryan MacDonald             Kathryn Kuchapski 
Sr. Aquatic Biologist, BSc, RPBio Sr. Hydrologist, PhD             Aquatic Biologist, MSc 
Sherri.mcpherson@lotic.co   ryan.macdonald@lotic.co    

mailto:Sherri.mcpherson@lotic.co
mailto:ryan.macdonald@lotic.co
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