
Monitoring Stream Water Quality 
Upper Skagit River Watershed 

 
 

2013 Field Season Report 
March 17, 2014 

 

  

  

 
Skagit Environmental Endowment Commission 

            
Hope Mountain Centre for Outdoor Learning 



Monitoring Stream Water Quality: Upper Skagit River Watershed 2013 

 

  

 

1 

EXECUTIVE SUMMARY 

 

The Skagit Environmental Endowment Commission (SEEC) was established by a 1984 Treaty 
between Canada and the United States and is mandated to support environmental quality 
upstream of the Ross Lake Dam.  The monitoring of stream water quality is one of the many 
important initiatives supported by the organization.  In 2007 and 2008, SEEC contracted with 
Limnotek, a Vancouver-based environmental company, to develop a model for water quality 
monitoring in the Upper Skagit watershed.  Forty-nine reference sites and ten test sites were 
identified for testing and establishment of a Reference Condition Model based on Canadian 
Aquatic Biomonitoring Network (CABIN) protocol.   

SEEC first contracted with Hope Mountain Centre for Outdoor Learning (HMCOL) for stream 
water monitoring within the watershed in 2010.  Scott Denkers, HMCOL, obtained CABIN 
training through Environment Canada.  Equipment was obtained, laboratories researched for 
water chemistry testing and taxonomists identified for benthic invertebrate enumeration.  
Fieldwork and following analysis was successfully completed in 2010 and each succeeding year 
since then. 

Hope Mountain Centre was again contracted in 2013 by SEEC for water sampling of ten sites.  
Fieldwork was carried out in mid-August.  Normal stream flows were encountered.  Water and 
benthic invertebrate samples are collected in the late summer of each year.  These samples are  
sent to laboratories for identification and enumeration, results returned to HMCOL, data entered 
into the online CABIN database, and water quality analysis run.  Site characterization and 
assessment was accomplished using the CABIN reporting process.  The results from CABIN 
analysis are described in this report.  Scott Denkers was the project manager again in 2013. 

Out of the ten sites surveyed, three were resurveys of reference sites originally set up in 2007 
and 2008.  Sites were sampled to identify trends and possible issues in water quality.  The ten 
sites sampled in 2013 were on six watercourses and widely distributed throughout the Upper 
Skagit watershed.  Rivers and creeks represented were the Skagit River, Sumallo River, Skaist 
River, Silverdaisy Creek, Norwegian Creek and Klesilkwa Creek.   

Results generated from CABIN analysis of the ten sites indicate five unstressed sites (similar to 
reference).  Four “mildly divergent” (potentially stressed) sites were called out on Skagit River, 
Klesilkwa Creek, Skaist River and Silverdaisy Creek.  One “divergent” (stressed) site on 
Norwegian Creek was identified.  There were no “highly divergent” (severely stressed) sites 
identified on Upper Skagit reaches surveyed in 2013.  
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1 INTRODUCTION 

The Skagit Environmental Endowment Commission (SEEC) was established by a 1984 Treaty 
between Canada and the United States and is mandated to support environmental quality 
upstream of the Ross Lake Dam.  The monitoring of stream water quality is one of the many 
important initiatives supported by the organization.  In 2007 and 2008, SEEC contracted with 
Limnotek, a Vancouver-based environmental company, to develop a model for water quality 
monitoring in the Upper Skagit watershed.  Forty-nine reference sites where set up in pristine 
waters for the establishment of a Reference Condition Model based on Canadian Aquatic 
Biomonitoring Network (CABIN) protocol.  Ten test sites were also set up in areas influenced by 
human activities.  

SEEC-sponsored site assessments are being used to identify streams that are divergent from 
expected reference condition or those that need further investigation and management action. 
CABIN site assessments, as described by Environment Canada, do not provide a clear 
indication of the cause of decline in stream condition, but they can provide clues to possible 
causes based on ecological traits of aquatic biota.  

Study objectives—which drive the sampling study approach—are to detect, over time, significant 
changes in Skagit River water quality, both from development pressures within the watershed 
and large scale environmental changes as a result of climate change, forest fire, insect 
infestation and so on.  Existing and new test sites will be monitored in areas likely to be 
impacted by human activities and reference sites will be monitored in order to track any large 
scale environmental changes.  If changes are observed, SEEC can decide on their importance 
and take action by informing the appropriate authorities. 

From 2010, SEEC has contracted with Hope Mountain Centre for Outdoor Learning (HMCOL), a 
non-profit environmental education organization based in Hope, British Columbia, for continued 
stream water monitoring of the watershed.  Scott Denkers, HMCOL project manager, received 
training in CABIN methodology through online classes provided by the University of New 
Brunswick and a field practicum sponsored by Environment Canada.  Certification was 
completed in June 2010 providing qualification in CABIN protocol fieldwork.  All course modules 
for project manager-level qualification were successfully completed in December 2010.  Seven 
water sampling sites were chosen for the 2010 season and ten for the succeeding seasons.  
Fieldwork has been completed, data generated and subsequently recorded in the CABIN online 
database.  For analysis details, refer to the annual field season reports. 

Water sampling sites were selected for the 2013 field season based on general and specific 
advice from BC Ministry of Environment, Environment Canada, US National Park Service and 
Skagit Environmental Endowment Commission.  Fieldwork supplies and equipment were 
purchased or rented if not available from previous seasons.  Laboratories chosen in 2013 were 
chosen after quotes were received on water analysis and invertebrate enumeration services. 
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Eight volunteers were enlisted for 2013 fieldwork.  Training was provided by the project manager 
the week before fieldwork.  In 2011 and 2012, fieldwork was postponed to mid-September due 
to high water flow for the season.  Normal water levels in 2013 allowed for fieldwork to be 
accomplished in mid-August.  After collection, invertebrate and stream water samples were 
shipped or personally delivered to laboratories for characterization, identification and 
enumeration. 

Water testing and benthic invertebrate enumeration results from the 2013 field season were 
received, compiled and entered by HMCOL into the CABIN database for analysis.  Metrics were 
generated, analyses run and reports generated which have been compiled for this report. 

The 2013 study area included ten sites on the Skagit River, Sumallo River, Silverdaisy Creek, 
Skaist River, Klesilkwa Creek and Norwegian Creek.  Sites downstream from Copper Giant and 
Sunshine Valley were included in the 2013 sampling.  These areas were previously shown to 
have conditions that showed benthic invertebrate stress in Limnotek and HMCOL analysis. 

 

 
 

Figure 1.  Skagit River, just above forest service road bridge at Cayuse Flats, at sample site SKGT102. 
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2 METHODS 

2.1 Sample Site Selection 

With the establishment of new sites and re-sampling of existing reference and test sites, a 
standard approach to site numbering has been followed in which existing sites keep their 
identifying numbers from year to year with the sampling event distinguished by the survey date.  
Sites set up by Limnotek in 2007 and 2008 are numbered below 100, while sites set up by Hope 
Mountain Centre after 2008 are numbered above 100.  Formal designation of sites in the CABIN 
database start with “SKGT” to describe their location in the Upper Skagit River Watershed.  
Thus, SKGT107 was a newly established test site on the Sumallo River in 2012.  This is 
downstream of SKGT001, which was established by Limnotek in 2007. 

Site selection, field work timing and test parameter selection for the 2013 field season was 
based on guidance previously received from Leon Gaber, BC Ministry of Environment; Chris 
Perrin, Limnotek; Ashley Rawhouser, North Cascades National Park; and Stephanie Strachan, 
Environment Canada.  

The following guidelines were used for 2013 field season sample site selection: 

• Downstream of development, forest operations or past mining with unusual levels of 
measured parameters recorded in previous years 

• Located downstream of recent road and bridge construction/maintenance or other 
potential source of water quality degradation 

• Upstream of potential water quality disturbance as reference for comparison to 
downstream results 

• Re-sampling reference sites to monitor for large scale environmental changes 

Along with these parameters, site selection was also based on budget, fieldwork logistics and 
keeping sample site selections within a practical hiking distance of roads. 

With these guidelines, the following ten sites were chosen for sampling in 2013. 

SKGT002 – Sumallo River – Reference site.  Located 200 metres upstream of Sunshine Valley 
residential development.  Originally set up as a reference site and sampled by Limnotek in 2007 
and 2008.  The site was chosen for sampling in 2013 as reference for comparison of 
downstream data results. 

SKGT014 – Skagit River – Reference site.  Located 100 metres upstream of Chittenden 
Suspension Bridge.  Re-sampled reference site established in 2007 to monitor potential large-
scale environmental changes.  This is the final site set up by Limnotek before the Skagit River 
flows into the north end of Ross Lake. 
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SKGT018 – Klesilkwa Creek – Reference Site.  Accessed from Silver-Skagit Road at 
Maselpanic Valley turnoff. Just under and in vicinity of the Maselpanic forest service road bridge.  
Originally set up in 2007 as a reference site, it was surveyed again in 2013 to look for possible 
impacts from upstream logging activities earlier in the year. 

SKGT024 – Silverdaisy Creek – Test site.  Located 1.4 km from Sumallo Grove parking area 
along the Skagit River Trail.  Previous results exhibited metals drainage in 2007 and 2008 from 
upstream historic mine adit.  Sampling in 2011 and 2012 revealed “extremely divergent” and 
“divergent” benthic invertebrate conditions respectively. 

SKGT045 – Norwegian Creek – Test site.  Located close to the forest service road heading up 
toward Copper Giant holdings approximately 1.5 km up from Cayuse Flats.  Divergent benthic 
invertebrate conditions were recorded in 2008 and 2010.  Originally set up as a test site by 
Limnotek in 2008 to monitor possible metals runoff from mining operations.  Previous logging 
activity was also noted in the upper reaches of the creek. 

SKGT049 – Skagit River – Test site.  Located next to Highway 3 and upstream of confluence 
with Smitheram Creek.  Sampled in 2008, then again in 2011 and 2012 to monitor potential fines 
drainage from highway work.  Elevated sodium and chloride levels were noted in the data results 
from 2011 and 2012. 

SKGT101 – Sumallo River - Test site.  Located 430 metres downstream from Sumallo Road 
bridge.  Site was added in 2010 and re-surveyed in 2011 and 2012 to monitor potential influence 
from the new recreational vehicle resort developed at Sunshine Valley. 

SKGT102 – Skagit River – Test site.  Located 150 metres upstream of the forest service road  
bridge at Cayuse Flats and slightly upstream of the Skagit and Skaist Rivers confluence.  This 
site is approximately 700 metres downstream of the Norwegian Creek confluence with the 
Skagit and 3.0 km from the Lower Smitheram Creek confluence—both creeks draining the 
vicinity of Giant Copper property.  Test results from 2010 indicated samples were slightly 
divergent from reference condition, but met reference condition in 2011 and 2012. 

SKGT103 – Skaist River – Test site.  Located 1.2 km upstream from the Highway 3 bridge at 
Cayuse Flats.  The site was established in 2011 to track possible downstream evidence of 
heavy silt accumulations seen in 2008 at test site 043 on an unnamed tributary of the Skaist. 

SKGT107 – Sumallo River – Test site.  Following Highway 3, the site is located near a large pull-
off approximately 11 km east from the Sunshine Valley entrance.  The site was established to 
monitor potential impacts from upstream development at Sunshine Valley and runoff from road 
maintenance activities. 
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Figure 2.  Upper Skagit River watershed showing sites sampled in 2013.  
(North end of Ross Lake is at lower centre) 
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2.2 Field Logistics 

The project manager, with the help of eight volunteers, successfully accomplished fieldwork in 
August, 2013.  Technical training and safety protocol were provided for volunteers before 
fieldwork was started.  This gave volunteers a background in sampling procedures, equipment 
and supplies used, and potential risks associated with this type of work. 

Following CABIN guidelines, sampling was scheduled for the late summer because of low 
stream flow with easier wading access, abundance of benthic invertebrates at this time and low 
accumulation of leaf litter in streams that would hinder sample processing.  This year, fieldwork 
was carried out in mid-August.  Two sites were sampled each day from August 19th through 
August 23rd.  Sampling at each site took 2.5 to 3.0 hours to complete.  Vehicular travel time from 
the town of Hope to sample sites and between sites averaged between 45 and 90 minutes for 
each site.  All sites were chosen to be accessible with a 4-wheel drive vehicle and foot travel.  
Some moderate hiking and bushwhacking was required to reach some sites.  
 

 
 

Figure 3.  Volunteer measuring stream velocity with a Flow Probe FP311 at SKGT103 on the Skaist River. 
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2.3 Field Sampling 

The standard CABIN protocol field sheet was used to collect data at each site.  Upon arriving at 
each sample site, a safety assessment was always carried out as a first step.  Factors such as 
deadfall, bank condition, water depth and velocity, stream substrate and logjams were taken into 
consideration before proceeding.  Swift water safety gear was used as needed. 

After completing a site inspection, recording primary site and habitat data, sampling tasks were 
discussed and assigned.  Generally, benthic invertebrate sampling was conducted first; followed 
by water chemistry sampling, channel profile, stream velocity and substrate data collection. 
Teams of two or three were most effective for sampling and recording data.  Care was taken to 
avoid contamination and disturbance of the reach for succeeding sampling tasks. 

Benthic invertebrates were collected following strict CABIN protocol.  After determining the 
sampling reach for the site, an approximate zigzag line for benthic invertebrate sampling was 
visually determined.  A kick-net with 400-micron mesh and a collection container at the end of 
the net was used.  The invertebrates were collected for exactly 3 minutes while the sampler was 
wading the stream in a zigzag fashion.  After the allotted time, all the contents in the collection 
container were carefully transferred to one or more sample jars.  After transfer, 10% buffered 
solution of formalin was added to the jar to kill and preserve the invertebrates.  The sample jars 
were labelled with a waterproof marker on the side and top.  A label was also placed inside the 
jar to ensure positive identification of the site, date and collector.  Sample collection jars were 
stored in an ice chest with ice packs to keep the samples cold until delivery to the taxonomist. 

Water chemistry and physical characteristic sampling was partially accomplished on site with a 
YSI ProPlus multiparameter water sample instrument, rented from Hoskin Scientific, Vancouver, 
BC.  The instrument recorded data on water temperature, pH, specific conductance and 
dissolved oxygen.  Care was taken to place the instrument probe in an undisturbed area of the 
watercourse.  Water was also collected in laboratory-supplied bottles (three per site) for later 
testing of parameters including hardness (as CaCO3), total suspended solids (TSS), turbidity, 
nitrate-N, ammonia-N, orthophosphate-P, dissolved phosphorous, total phosphorous and 
sulfate.  Samples for dissolved metal concentrations were also taken for 41 metals.  Again, care 
was taken to take samples upstream in an undisturbed location of the stream.  Samples were 
stored cold in an ice chest or insulated packaging until they were delivered to ALS 
Environmental Laboratory, Burnaby, BC for analysis. 

Channel slope was measured using a hand level, metre stick, survey rod and measuring tape.  
Bankfull and wetted stream widths were measured as well as the vertical difference between the 
two (called bankfull-wetted depth).  Channel depth readings were measured at equidistant 
locations across the stream channel with the number of readings varying depending on channel 
widths. 
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Stream water velocities were taken at the same equidistant locations where depths were 
measured.  A Flow Probe FP311 was used to take the velocity readings at all sites. 

Substrate information was recorded using CABIN protocol 100-pebble count and embeddedness 
measurements.  The 100-pebble count records the “intermediate axes” of one hundred randomly 
selected channel bottom pebbles, rocks and boulders. Embeddedness measures pebble depth 
in the substrate and is recorded for every tenth randomly selected rock.  Average size-
categories of interstitial material particles was also estimated and recorded. 

 
 

Figure 4.  Volunteers estimating size of interstitial material on the Skagit River at site SKGT014. 

2.4 Laboratory Analysis 

ALS Environmental was selected in 2013 for water chemistry analysis based on their lower 
detection limits (detection at lower levels of concentration) for inorganic non-metallic parameters 
as compared to Exova, the laboratory used for 2010 field samples.  It should be noted that 
Exova alternatively offered lower detection limits in many of the dissolved metal parameters.  It 
was determined, after discussion with Limnotek to go with the lower detection limits offered by 
ALS Environmental for inorganic non-metallic parameters.  The ALS Environmental laboratory 
facility is located in Burnaby, British Columbia, Canada. 
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	  	   	  Unit	   ALS	  Detection	  
Limit	  

Inorganic	  Nonmetallic	  Parameters	   	  	   	  	  

	  	  Nitrate	  (as	  N)	   mg/L	   0.005	  
	  	  Ammonia	  (as	  N)	   mg/L	   0.005	  
	  	  Orthophosphate-‐Dissolved	  (as	  P)	   mg/L	   0.001	  
	  	  Phosphorus	  (P)-‐Total	   mg/L	   0.002	  
	  	  Phosphorus	  (P)-‐Total	  	  Dissolved	   mg/L	   0.002	  
Dissolved	  Metals	   	  	   	  	  
	  	  Cadmium	   mg/L	   0.000005	  
	  	  Copper	   mg/L	   0.0002	  
	  	  Lead	   mg/L	   0.00005	  
	  	  Zinc	   mg/L	   0.001	  
Physical	  &	  Aggregate	  Properties	   	  	   	  	  
	  	  Total	  Suspended	  Solids	   mg/L	   1.0	  
	  	  Turbidity	   NTU	   0.1	  

 
Table 1.  Selected parameter detection limits provided by ALS Environment.  

 

The invertebrate taxonomy laboratory chosen for enumeration and identification was Living 
Streams Environmental Services.  Living Streams is located in West Vancouver, British 
Columbia, Canada.   After discussion with Limnotek and Environment Canada in 2011, 
agreement was reached that it was important to be consistent at this time with the same sub-
sampling technique employed by Limnotek in developing the Upper Skagit watershed model.  
The approach used by Limnotek is fully described in their report, Quality of Streams in the Upper 
Skagit River Watershed Using the Reference Condition Approach: Final Report, February 4, 
2010, p. 12.  Larger invertebrates (macrobenthos) were separated from smaller invertebrates 
(microbenthos).  Macrobenthos were divided into 4 subsamples.  Microbenthos were split into 16 
subsamples.  Enumeration for each size category proceeded until 200 animals were counted.  
The subsample count was multiplied by the subsample fraction to determine the total animal 
count in the microbenthos fraction.  The macrobenthos total was calculated in a similar fashion.  
The sum of total microbenthos and total macrobenthos was the sample count.  

2.5 Data Compilation 

Field data were collected using standard CABIN protocol templates during field sampling.   The 
project manager entered the data into the CABIN database.  Data collected in the field included 
the site’s geographic location and description, habitat characteristics, stream channel 
morphology and flow characteristics.  A standard set of photographs was taken of each site 
showing upstream, downstream, across stream and channel substrate views.   
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Figure 5.  Stream channel substrate on Norwegian Creek at site SKGT045. 

 
Water chemistry results were received from ALS Environmental within a month of field sampling.  
The data were compiled and entered into the CABIN online database using the CABIN protocol 
spreadsheet.  

Invertebrate enumerations were received from Living Streams at the end of December 2013.  
Invertebrate identification and counts were compiled and entered into the CABIN database using 
the standard CABIN spreadsheet format.  The project manager, Hope Mountain Centre, 
provided online data entry for both water chemistry and invertebrate enumerations. 

 
 

Figure 6.  Baetidae (mayfly family) is a benthic organism  
often found in kick net samples – photo: Thibault Doix 
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Percent of wetland area upstream of test/reference sites is a required determinant for Limnotek’s 
Upper Skagit Watershed Model.  In the previous two years, BC Ministry of Environment kindly 
took time to provide data from their Geographic Information System as a result of the addition of 
new water testing sites.  This source of data was important for determining the percent of 
wetland cover in the upstream catchment area for new test sites.  Other environmental 
parameters were also provided, including confirmation of the stream order at sample sites.  

 

Site Wetland Percent 
SKGT101 0.0 
SKGT002 0.0 
SKGT045 0.0 
SKGT102 0.0 
SKGT014 0.922 
SKGT018 3.280 
SKGT024 0.0 
SKGT107 0.0 
SKGT103 0.001 
SKGT049 0.0 

 
 

Table 2.  Wetland percent data for 2013 test sites provided by Limnotek and BC Ministry of Environment. 
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3 RESULTS 

3.1 Water Chemistry and Physical Characteristics 

ALS Environmental Laboratories, Burnaby, B.C., provided analysis of 54 parameters measuring 
chemical and physical stream water characteristics.  In-field measurements were also recorded 
using a YSI ProPlus multiparameter water sample instrument.  Chemical and physical data 
recorded with the YSI ProPlus included water temperature, pH, specific conductance and 
dissolved oxygen.  Turbidity was measured in the laboratory.  Selected key results are listed 
below.  A complete listing of chemical and physical water testing results is provided in Appendix 
5.3. 
 

 
 

Table 3.  Selected water characteristics measured in the field and laboratory. 
(values below the detection limit are indicated with the “less-than” sign) 
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3.2 Benthic Invertebrate Composition 

Invertebrate identification and enumeration was carried out to the Family taxonomic level for test 
sites.  The following two tables provide metrics at the Family level for the two predictive groups 
identified by classification analysis.  The results help characterize the community characteristics 
at each test site and can provide an indication of stressed conditions.  Benthic organisms exhibit 
varying levels of tolerance to pollution.  A strong presence of EPT (Ephemeroptera, Plectoptera, 
Tricoptera) taxa provide an indication of “clean” waters because these organisms are sensitive 
to contaminated water.  Conversely, a strong presence of Diptera and Chironomid taxa indicate 
potentially polluted water because these organisms are tolerant to pollutants or other negative 
environmental conditions. 

Through Benthic Assessment of Sediment (BEAST) analysis, eight of the sites sampled in 2013 
were classified in group 1 and two in group 2. 
 

 

Table 4a.  Group 1 Benthic invertebrate metrics  
(EPT = Ephemeroptera (mayfly), Plecoptera (stonefly), Trichoptera (caddisfly)) 
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Table 4b.  Group 2 Benthic invertebrate metrics  

(EPT = Ephemeroptera (mayfly), Plecoptera (stonefly), Trichoptera (caddisfly)) 

 

3.3 Error and Probability Results 

The Error Rate is associated with the model correctly predicting the reference sites to their pre-
assigned reference group.  These statistics define the reference model groups and remain static 
as long as the reference model is not changed.  Note that this is not the error rate of correctly 
identifying a test site as stressed or not stressed. 
 
 

 Group 1 Group 2 Group 3 Group Overall 
Error Rate 45.0% 28.6% 18.8% 32.6% 

 
Table 5.  Error rates associated with predicting reference sites to reference groups. 

 
 
When running the Benthic Assessment of Sediment (BEAST) analysis for 2013, all sites except 
for SKGT014 and SKGT018 fell within Group 1 reference sites.  SKGT014 and SKGT018 were 
classified into Group 2. 
 
The Prediction Model uses habitat variables to predict each test site to a reference group with a 
certain probability.  The reference group to which the test site is assigned the highest probability 
of group membership is the group of reference sites used for the assessment of the test site. 
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Table 6.  Test site prediction assignment to reference group. 
 

3.4 Community Ordination Graphs 

 
Test sites were plotted with the best-fit group of reference sites (Groups 1 and 2) on three axes.  
Three vectors were used to achieve an ordination stress of <0.2.  Three two-dimensional 
ordination plots were used as needed to illustrate a three-dimensional space.  Site assessments 
are based on the distance from the reference community in any one direction. When examining 
the ellipses the most divergent (worst case) assessment is used as described in CABIN protocol.  
Ellipses showing most divergence for each of the ten sampled sites are included in appendix 1. 
 

• A site that falls within the 90% confidence ellipse is designated similar to reference. 
• A test site that falls within the 90% and 99% confidence ellipses is designated mildly 

divergent. 
• A test site that falls within the 99% and 99.9% confidence ellipses is designated 

divergent. 
• A site that falls outside of the 99.9% confidence ellipses is designated highly divergent. 

 
If a test site does not resemble the range of reference communities to which it is predicted 
based on the habitat variables at the test site, the assumption is that there is potential 
anthropogenic stress exerted on the community.  The following synopsis of results describe test 
sites sampled in the 2013 field season.   
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Table 7.  Divergence from reference condition in sites sampled in 2013 field season. 
 
 
Looking at site divergence over time can be useful in detecting trends in site condition.  The 
table below includes sites that were sampled in 2010, 2011, 2012 and 2013 and compared to 
the same sites sampled in 2007 and 2008 for Skagit Reference Model development.  Sites used 
for reference model development are indicated in bold blue text. 
 
 
 Similar to 

Reference 
Mildly Divergent Divergent Highly Divergent 

2013 002, 049, 101, 102, 
107 

014, 018, 024, 103 045  

2012 002, 005, 015, 025, 
049, 101, 102, 107 

014 024  

2011 005, 014, 049, 101, 
102, 103, 105 

012, 104  024 

2010 014, 019, 101, 047 102 001, 045  
2008 005, 012, 014, 049 001 024, 045  
2007 001, 005, 012, 014 --- 024  

 
Table 8.  Comparison of sample site divergence for sites sampled in previous years. 
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3.5 Environmental Variable Comparison to Reference Condition 

Graphs of selected sample site variables were generated with comparison to reference mean 
standard deviation ranges and are included in Appendix 5.2.  Observations are summarized 
below.  Data values are provided. Those falling above the range of standard deviation are 
highlighted in yellow, while those falling below the range are highlighted in blue.   
 

 
 

Table 9.  Environmental variable results highlighting values outside range of standard deviation. 
(yellow = value above standard deviation, blue = value below standard deviation) 

 
3.6 Expected/Observed Taxa Predictions 

CABIN uses RIVPACS analysis to provide data showing the number of taxa (family level for the 
Skagit Model) expected at a test site based on taxa found at representative reference sites.  The 
number of observed taxa from each site for the 2013 field season was divided by the number of 
expected taxa to provide a ratio.  The following table shows expected taxa as compared to 
observed taxa at P>0.5 (values rounded to two decimal places). 
 

Site Expected taxa Observed taxa O:E Ratio 

SKGT 002 16.05 17 1.06 

SKGT 014 15.24 12 0.79 

SKGT 018 15.28 16 1.05 

SKGT 024 16.03 14 0.87 

SKGT 045 15.60 12 0.77 
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SKGT 049 15.66 13 0.83 

SKGT 101 16.04 12 0.75 

SKGT 102 15.59 13 0.83 

SKGT 103 15.59 14 0.90 

SKGT 107 15.31 14 0.91 

 
Table 10.  Observed versus expected taxa ratios 

 

3.7 Reference Sites Resample 

Three reference sites were selected for resampling in 2013: SKGT002 (Middle Sumallo River 
upstream of Sunshine Valley), SKGT014 (Skagit River just upstream of Chittenden Bridge) and 
SKGT018 (Klesilkwa Creek just upstream of confluence with Maselpanic Creek).  Resampling 
reference sites, as recommended by Limnotek, can provide initial data on any changes in 
stream condition due to overall climate/environmental changes.  Over time, these data will help 
determine whether overall conditions are remaining the same or migrating away from the 
reference condition baseline established by the Skagit River Watershed Model in 2007 and 2008 
(Quality of Streams in the Upper Skagit River Watershed Using the Reference Condition 
Approach, Limnotek, Feb. 4, 2010).  Data comparisons of selected water characteristics for 
reference sites SKGT002 and SKGT014 are listed below. 
 

 
 

Table 11.  Reference site data comparisons of selected characteristics. 
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Variables over the last 4 sampling years, with readings not hampered by laboratory detection 
limits (DO, pH, specific conductance, water temperature, nitrate and sulphate), are charted 
below for SKGT002. 

SKGT002 – Sumallo River 

 
 

Figure 7.  Charted values of variables for SKGT002 over previous four sampling years. 
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Variables over the last 5 sampling years, with readings not hampered by laboratory detection 
limits (DO, pH, specific conductance, water temperature, nitrate and sulphate), are charted 
below for SKGT014. 

SKGT014 – Skagit River 

 
 

Figure 8.  Charted values of variables for SKGT014 over previous five sampling years. 
(sulfate datum not recorded in 2010) 
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Reference sites SKGT002 and SKGT014 are chosen for comparison of benthic invertebrate 
numbers at the taxonomic level of order and graphed as stacked bars showing sample variation 
over time.   

Benthic organism totals for SKGT002 are considerably lower in 2007 than they were in the next 
three sampling years.  Generally, healthy levels of Ephemeroptera, Plecoptera and Trichoptera 
(EPT), as a group, is seen.  However, general abundance shows a steady decrease from 2008 
to 2013.  Apart from the 2008 sample year, Diptera numbers were generally holding steady 
despite the overall drop in EPT individuals.  Note organisms in the order Tricladida (flatworms) 
are showing a marked increase in 2012 and 2013.  

 

 
 

Figure 9.  Benthic invertebrate count comparisons between sample years for reference site SKGT002. 
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No overall obvious trends are seen with benthic organism numbers for SKGT014. 
Ephemeroptera and Plecoptera numbers seem to be rising and falling through the sample years.  
A notable change is the increase in numbers of organisms in the Lumbriculida order over the 
last two sample years.  

 

 
 

Figure 10.  Benthic invertebrate count comparisons between sample years for reference site SKGT014 
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4 OBSERVATIONS AND DISCUSSION 

 
Ten water sample sites were selected for the 2013 field season based primarily on their location 
downstream of recreational area development, potential or actual resource extraction activities 
(logging and mining), road or bridge maintenance and as reference sites.  Three of the sites 
chosen were reference sites, originally identified by Limnotek for establishment of the Skagit 
Reference Model and resampled to provide detection of large-scale environmental changes.  
One of the reference sites, SKGT002, just upstream of Sunshine Valley residential 
development, was also selected as a control for data comparison with downstream test results.  

Of the reference sites, SKGT002, showed unstressed conditions based on the ordination 
ellipses as expected.  However, SKGT014 and SKGT018 produced slightly anomalous results 
with data “mildly divergent” of the expected results.  This is interesting because the sites were 
selected in 2007 as pristine sites representing reference condition.  SKGT014 also produced 
“mildly divergent” results in 2012, but environmental variables for either 2012 or 2013 do not 
generally point to any noticeable issues.  Another point of interest is that the site was assigned 
through CABIN analysis to Reference Group #2 in 2012 and 2013 with a confidence level of 
64.4% for both years, although it was originally a member of Reference Group #1.  Further 
analysis and consultation is needed to determine the cause of the change from Group #1 to #2.  
SKGT018 was chosen for testing in 2013 because of logging activity near the upper reaches of 
the creek.  Other than a slightly higher level of phosphorus (0.0025 mg/L), higher levels of some 
dissolved metals (e.g., zinc (0.0029 mg/L) and iron (0.069 mg/L)) were recorded, but this may be 
more a result of metal debris in the creek channel left over from bridge construction in the vicinity 
of sampling.  

In 2008 and 2010, SKGT045 on Norwegian Creek exhibited “divergence” from reference 
condition.  The same results were reported from the 2013 field season.  This site was set up as 
a test site downstream of Giant Copper mining claims and previous logging activity. Levels of 
dissolved orthophosphate, total dissolved phosphorous and total phosphorous were recorded at 
levels just above detection limit at 0.0013 mg/L, 0.0025 mg/L and 0.0022 mg/L respectively.  
Chloride at 5.21 mg/L was also recorded which is at a level higher that any of the other sites 
tested in 2013 other than SKGT049.  In spite of SKGT045 showing “divergence” from reference 
condition, benthic invertebrate results showed a healthy percent of EPT individuals at just over 
76 percent. However, invertebrate abundance was well below the reference mean at only 638 
individuals.  Low abundance may be a result of the very minimal flow and shallow channel 
characteristics. 

The recently completed Sun Valley Recreational Vehicle Area is a potential source of water 
quality impact.  Test site SKGT101 was established in 2010 to directly monitor possible 
downstream effects from the RV site.  The site was also surveyed in 2011, 2012 and again in 
2013.  Hope Mountain Centre established another test site further downstream on the Sumallo 
River (SKGT107) in 2012 to monitor possible effects of development and infrastructure work.  
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Testing at SKGT107 was also carried out in 2013.  Sample test results at SKGT101 and 
SKGT107 showed “similar to reference” conditions based on the ordination ellipses.  Except for 
nitrate levels at SKGT107 (0.084 mg/L), the results for the standard environmental variables 
measured were within the reference group normal range for both sites. 

Of the ten reaches surveyed in 2013, Silverdaisy Creek has again shown divergence from 
reference condition with a classification of “mildly divergent” at site SKGT024.  Previous results 
from this site were “divergent” in 2007 and 2008.  In 2011, results were “highly divergent” based 
on ordination ellipses and “divergent” again in 2012.  These findings, over several years, clearly 
show that water conditions generally continue to have a negative impact on benthic 
invertebrates. The percent of Diptera and non-insect organisms has shown to be high in 2011 
(52%), 2012 (69%) and 2013 (70%), indicating degraded water quality.  Dissolved cadmium, 
lead and zinc were recorded at levels well above the model reference mean over previous 
sampling years.  In 2013, cadmium was recorded at 0.000049 mg/L, lead at 0.000115 mg/L and 
zinc at 0.0034 mg/L.  Other dissolved metals are also recorded at higher levels as compared to 
other sites.  As described in previous reports, the entrance to the abandoned Silverdaisy Mine is 
located within 100 metres of the SKGT024 site.  Runoff has been observed coming from the 
mine entrance into Silverdaisy Creek.  Old mining claims are also situated in the upper reaches 
of the creek, but testing has not been conducted higher in the creek to conclusively determine 
whether pollutants are sourced solely from the Silverdaisy Mine.  The last three years have 
shown conditions improving with respect to position of this site within community ellipses, but 
with respect to invertebrate and environmental results it is recommended this site continue to be 
closely monitored in future years.  
 
Located immediately adjacent to Highway 3 on the Skagit River, SKGT049 is an existing test 
site set up in 2008.  Sample results at that time had found impacted water quality possibly due to 
fines drainage from nearby highway work.  Test results from 2013 field sampling showed 
unstressed benthic invertebrate conditions and water chemistry and physical characteristics 
generally within normal ranges.  In the 2011 and 2012 field seasons, two measured parameters, 
chloride and sodium, stood out as the highest values for these elements as compared with the 
other sites at the time in the Upper Skagit watershed.  The same pattern is seen in the 2013 field 
season with values actually higher than those recorded in 2012: chloride at 6.56 mg/L and 
sodium at 6.3 mg/L.  The specific cause of this effect may be attributed to past applications of 
road salt and runoff from snowmelt in the winter on Highway-3, which closely parallels the Skagit 
River along several stretches up to the Allison Pass (U.S. Environmental Protection Agency, 
1995, Controlling non-point source runoff pollution from roads, highways, and bridges: Office of 
Water, U.S. Environmental Protection Agency Report EPA-841-F-95-008a).  Note that 
concentrations of sodium remain high downstream at SKGT102 (5.4 mg/L).  Chloride levels at 
the downstream site are below the detection limit of 0.5 mg/L in 2013.  SKGT049 is just 
upstream of Smitheram Creek’s confluence with the Skagit River.  Since Smitheram Creek 
drains areas of the Giant Copper land holdings, continuing to sample SKGT049 in future years 
may be useful in providing data comparison with sites downstream of the confluence.  
 
Sample test results at SKGT102 show “similar to reference” conditions based on ordination 
analysis.  This site is downstream approximately 4.0 km from SKGT049.  As previously 
mentioned, the site does show higher than normal levels of sodium (5.4 mg/L) in 2013.  Slightly 
higher detectable levels of some metals are also noted at this site for copper (0.0004 mg/L), 
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molybdenum (0.0011 mg/L), and tungsten (0.000033 mg/L).  Water temperature at SKGT102 is 
seen to be above the standard deviation range at 12.0 C.  Note also the water temperature just 
upstream at SKGT049 is high at 12.5 C. 
 
Although showing a large invertebrate abundance (4,104) and healthy percentage of EPT 
individuals (76%), SKGT103 on the Skaist River yielded “mildly divergent” results in 2013.  
Several environmental variables were found to be outside the upper end of standard deviation 
range for the reference group.  Water hardness (as CaCO3), measured at 93.7 mg/L, is well-
above hardness results of any of the other sites sampled.  Sulfate was also found to be higher 
than usual at 14.7 mg/L, which again is above the range of standard deviation.  Dissolved 
metals showing higher measurement levels include calcium (32.1 mg/L), magnesium (3.27 
mg/L), and strontium (0.222 mg/L). Nutrient levels are low or below detection limit. 
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5 APPENDICES 

5.1 Ordination Plots 

 
Up to three ordination plots are generated as applicable through CABIN analysis.  Test sites are 
plotted with the appropriate group of reference sites on 3 axes.  Per CABIN protocol, ellipses 
chosen show the highest divergence from reference condition for each of the test sites sampled.  
The assessment is based on where the test site fell within the confidence ellipses.  A site that 
falls: 

q Within 90% confidence ellipse is classified Similar to Reference (gray) 
q Within 90% and 99% confidence ellipse is classified Mildly Divergent (green) 
q Within 99% and 99.9% confidence ellipse is classified Divergent (yellow) 
q Outside 99.9% confidence ellipse is classified Highly Divergent (red)  

 

SKGT 002 – 2013 Sumallo River SKGT 018 – 2013 Klesilkwa Creek 

  
SKGT 014 – 2013 Skagit River SKGT 045 – 2013 Norwegian Creek 
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SKGT 024 – 2013 Silverdaisy Creek SKGT 103 – 2013 Skaist River 

  
SKGT 049 – 2013 Skagit River SKGT 101 – 2013 Sumallo River 

  
SKGT 102 – 2013 Skagit River SKGT 107 – 2013 Sumallo River 
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5.2 Comparison of Environmental Variable Results 

Environmental variables were measured in the field using a YSI ProPlus multiparameter water 
sample instrument (dissolved oxygen (DO), pH, specific conductance, water temperature) and in 
the laboratory (water hardness, total suspended solids (TSS), turbidity, various nutrients and 
anions, and dissolved metals).  Charts (below) were generated through CABIN analysis for 
selected parameters.  Leftmost bar is expected mean reference with standard deviation. 

Total suspended solids (TSS) were less than the detection limit (DL) of 1.0 mg/L for all sites.  
Dissolved orthophosphate (as P) results were below the DL of 0.001 mg/L except for three sites: 
SKGT045 at 0.0013 mg/L, SKGT102 at 0.0012 mg/L, and SKGT049 at 0.0011 mg/L.  Results for 
total ammonia (as N) at all sites were below DL (0.005 mg/L).  Total dissolved phosphorus (as 
P) was below DL of 0.002 mg/L for all sites except for two sites: SKGT045 at 0.0025 mg/L and 
SKGT102 at 0.0022 mg/L.  Cadmium was recorded at one site—SKGT024—where the reading 
was recorded at 0.0000488 mg/L (Cadmium DL is 0.0000050).  Graphs were not provided for 
these parameters. 

Charts for Reference Group 1 Sites 
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Charts for Reference Group 2 Sites 

Parameter charts were generated separately through CABIN analysis for SKGT014 (left bar) and 
SKGT018 (right bar) since they fell into Reference Group 2 with a different set of means and 
standard deviation ranges. Group designation is due to habitat and physical characteristics 
recorded at the sites.  Leftmost dark bar is expected mean reference with standard deviation. 

Copper (Cu) Dissolved Oxygen (DO) 
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Hardness (as CaCO3) Nitrate (NO3) 

  

Lead (Pb) pH 

  

Sulfate (SO4) Specific Conductance 
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Stream Temperature Phosphorus (Total) 

  

Turbidity Zinc (Zn) 

  

  



5.3 Physical and Chemical Water Testing Results 

Water characteristics measured in the field and laboratory for the 2013 water sample sites.  Three 
reference sites were selected for resampling—SKGT002, SKGT014 and SKGT018. Detection limits are 
indicated with the “less-than” sign. 

 

 

(continued on next page) 
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