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EXECUTIVE SUMMARY 

This report presents the findings of the 2016 provincial Environmental Effects Monitoring (EEM) program 

for the Kemess South mine site. The mine has conducted an annual EEM program since 1997, to assess 

potential effects of the mine operation on the aquatic receiving environment. Given mine closure in 

March 2011, this EEM program was redesigned to focus primarily on potential future effects of water 

release from the mine’s tailings impoundment to South Kemess Creek. This re-designed program focused 

on South Kemess Creek (five stations), but also included sampling in North Kemess Creek and the lower 

Kemess Creek mainstem; station locations were co-located with juvenile-fish sampling locations of 

Bustard and Associates to increase harmonization between these monitoring programs. Direct discharge 

from the impoundment spillway has not yet occurred; however, indirect releases from the downstream 

buttress zone of the tailings impoundment (i.e., the tailings sediment pond) have occurred since 

September 2013. 

The 2016 provincial EEM program sampled benthic invertebrate communities (taxonomic composition), 

periphyton communities (biomass and taxonomic composition), and supporting water quality. 

North, South, and lower Kemess creeks were all dominated by pollution-sensitive EPT taxa (i.e., mayflies, 

stoneflies, and caddisflies) in 2016. Densities of benthic communities have shown considerable variability 

within and among sampling locations and years. Densities were lower at all stations in 2016 relative to 

2015, with the exception of South Kemess Creek station TP-1. Results in 2016 were generally within the 

range of historical data (2011 to 2015) at all stations, with the exception of some South Kemess (TP-5, 

TP-4) and lower Kemess (KM-1) stations. In 2016, total taxa richness was lower all stations, relative 

2015, and was at or below historical minimums, except for lower Kemess Creek (KM-1), which was within 

the historical range. Generally, taxa richness and density of benthic communities have been showing a 

decline since 2013, however, no notable losses in taxa families are apparent within the data set. 

Simpson’s diversity in 2016 showed highly variable results compared to historical data. Evenness was 

higher at all stations in 2016 compared to 2015, with the exception of South Kemess Creek (TP-3). 

Evenness also exceeded the historical range of results in North Kemess and lower Kemess Creeks. 

Periphyton biomass (measured as chlorophyll a) has been highly variable over the past five years and in 2016 

was within the range of results from recent years (i.e. 2011 to 2015). The diatom Didymosphenia 

geminata (didymo) was the predominant taxon in periphyton samples from South Kemess Creek station 

TP-1 in 2016, but was not as prevalent at other stations compared with previous years.  

In 2016, periphyton richness in North and South Kemess creeks were generally lower than in 2015 at all 

stations. Periphyton richness was within the historical range at all stations, with the exception the South 

Kemess side channel, which reached a historical low value in 2016. Overall, periphyton richness in 2016 

was slightly lower than the long-term average (1999 to 2015) for North and South Kemess creeks and 

slightly above the average for lower Kemess Creek. 

Concentrations in water of several ions, and total and dissolved metals exceeded previously-measured 

maxima in all creeks, with a few variables exceeding the BC water quality guidelines in 2016. 
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Correlation analysis among biological variables measured in this program found a moderate, positive 
correlation between benthic community diversity and benthic evenness in South Kemess Creek mainstem 
stations sampled from 2011 to 2016. The assessment of longer-term (1994 to 2016) datasets did not 
include the same relationship between evenness and diversity at South Kemess, however, a strong 
negative correlation between these variables was apparent in lower Kemess Creek. Additionally, the long-
term data indicated a moderate, positive correlation with periphyton biomass and time and a moderate, 
negative correlation between benthic diversity and time in South Kemess Creek.  

Fisheries surveys conducted within the Kemess watershed in fall 2016 generally found no significant 
change in densities of bull trout fry and yearlings since the development of the Tailings Storage Facility 
(TSF). Some declines in char fry recruitment were apparent in South Kemess Creek over the past two 
years, but have returned to being similar to the long-term average in 2016. 
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1.0 INTRODUCTION 

The Kemess South mine (Kemess), operated by AuRico Metals Inc. is an open-pit gold/copper mine 

located in north-central British Columbia, approximately 250 km north of Smithers and 500 km northwest 

of Prince George. Construction of the mine began in 1996; mine production began in June 1998. The 

mine was named after Kemess Creek, which flows through the mine site. The mine ceased production in 

March 2011, and has entered its closure phase. 

The 1996 Kemess South Fisheries Compensation Agreement included an Environmental Effects Monitoring 

(EEM) program, to be implemented for the life of the mine. This program is administered by the BC Ministry of 

Environment (BCMOE), and is separate from the federal EEM program. The federal EEM program, which is 

administered under the Metal Mining Effluent Regulations (MMER) of the Fisheries Act, focused on fish and 

invertebrate communities in Waste Rock Creek and completed its final cycle in 2012 (Hatfield 2014). 

During mine operations, the objective of the mine’s provincial EEM program was to monitor potential 

effects of mine activities on the aquatic receiving environment, with a particular focus on potential 

sedimentation effects on the quality of fish habitat, particularly conditions for bull trout spawning and 

over-winter egg incubation. These studies focused on Kemess Creek and Attichika Creek watersheds, 

and included assessments of substrate composition and two biological endpoints: periphyton (biomass 

and taxonomic composition) and benthic invertebrates (community structure). Results of the provincial 

EEM program during operational mine life indicated no consistent changes in physical substrates 

(Hatfield 2011). Biological results have been highly variable, but have indicated healthy, diverse benthic 

invertebrate communities generally dominated by aquatic insects known to be sensitive to pollution and 

sedimentation (e.g., mayflies and stoneflies). Relative to historical (baseline) conditions, periphyton in 

some creeks—particularly South Kemess and the Kemess Creek mainstem—showed general increases 

in algal biomass over the life of the mine, related to increased densities of Didymosphenia geminata 

(didymo), a diatom capable of blooming in oligotrophic conditions (Sundereshwar et al. 2011), and 

thought to be a nuisance, invasive species in some parts of the world (Bothwell and Spaulding 2009). 

Other required aquatic-effects monitoring programs at the mine include: routine water quality monitoring 

to satisfy federal MMER requirements and provincially-mandated studies of physical and biological 

components of Waste Rock Creek to assess effects of elevated selenium in this watershed associated 

with seepage from the mine’s waste rock storage facility (see Hatfield 2017). These other studies are 

presented elsewhere. 

Additionally, the mine has monitored the status of fish populations throughout the Kemess watershed and in 

numerous regional watersheds. Specifically, Bustard (2017) has surveyed resident fish community abundance 

and composition, and spawning activity of adult char (bull trout and Dolly Varden) since 1994. Adult surveys 

have focused on annual identification of active redds, while resident fish surveys have focused on enumerating 

the abundance and age-class distribution of juvenile char. Readers are referred to Bustard (2017) for details of 

this monitoring program; some relevant, excerpted information is presented below. 

South Kemess Creek provides spawning habitat for bull trout that are resident as adults in Thutade Lake. 

Numbers of active bull trout redds in South Kemess Creek below the tailings facility have ranged from zero to 

ten, with this highest number of redds observed in 1995 before the development of the tailings storage facility 

(TSF); the majority of redds observed in 1995 were located in a section that is now flooded by the TSF. 
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The lower mainstem of Kemess Creek (downstream from the South Kemess Creek confluence), supports 

numerous bull trout redds, with an average yearly number of 41 from 1994 to 2016. North Kemess Creek 

also supports bull trout spawning; however, most redds in this creek occur upstream from long-term EEM 

monitoring station EEM-4. In 2016, a total of 99 bull trout redds were counted in the Kemess Watershed, 

including 78 redds in lower Kemess Creek, 15 redds in North Kemess Creek (including Tributary 3) and 

six redds in South Kemess Creek (Bustard 2017). 

In all of these creeks, the majority of fish captured during electrofishing surveys have been char fry and 

parr. Juvenile fish communities sampled from South Kemess Creek since 1995 include a variety of 

juvenile bull trout and juvenile and adult Dolly Varden, with small numbers of mountain whitefish and 

juvenile rainbow trout.  

In 2016, fish captured in South Kemess Creek were predominantly char, and also included one mountain 

whitefish and three rainbow trout parr (Bustard 2017). Bull trout juveniles comprised 42% of the overall 

catch, while Dolly Varden comprised 8%. The 2016, North Kemess Creek fish catch was comprised 

entirely of char, with more Dolly Varden than bull trout in the juvenile age class (Bustard 2017). The fish 

catch in lower Kemess Creek in 2016 was dominated by char (94%), predominantly bull trout, with slimy 

sculpins comprising of 6% of the catch, and no rainbow trout fry captured (Bustard 2017).  

Given mine closure in March 2011, this EEM program was redesigned to focus primarily on potential 

future effects of water release from the mine’s tailings impoundment to South Kemess Creek. Direct 

discharge from the spillway has not yet occurred (this is projected to begin during 2017); however, indirect 

releases from the downstream buttress zone of the tailings impoundment (i.e., the tailings sediment pond) 

have occurred since September 2013. 

Data collected by the provincial EEM programs from 2010 to 2013 were intended to provide baseline 

(pre-discharge) data, against which data collected post-discharge may be assessed to determine possible 

effects of this water release on the aquatic ecology of South Kemess Creek and areas downstream. 

Although direct discharges from the spillway have not yet occurred, 2014 to 2016 data are considered as 

‘post-discharge’, given indirect releases from the tailings sediment pond to South Kemess Creek have led 

to changes in temperature (Bustard 2017) and water quality in stream sections downstream from the 

tailings storage facility (TSF). 

The design of the 2016 provincial EEM program followed the original Ministry of Environment (MOE) 

approved re-design of the provincial EEM program from 2010, and was developed through discussions 

between AuRico and Hatfield staff. The Provincial monitoring study conducted in September 2016 

included: 

 Benthic invertebrate community surveys – to assess the condition of benthic invertebrate 

communities/fish habitat; 

 Periphyton community and biomass surveys – to assess the condition of periphyton 

communities; and 

 Supporting water quality surveys – measured to support interpretation of biological community 

surveys. 
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2.0 METHODS 

With the exception of water quality, all sampling for the 2016 provincial program was conducted on 

September 15 and September 16, 2016 by Hatfield staff at Kemess mine; water quality samples were 

collected by mine staff during August, September, and October 2016 as part of their routine monitoring 

program. 

2.1 SAMPLING DESIGN 

The study area included South Kemess Creek, North Kemess Creek, and the lower Kemess Creek 

mainstem (Figure 1), as follows: 

 North Kemess Creek (EEM-4) – reference station located upstream of mine development near 

this creek’s confluence with South Kemess Creek, sampled previously for the provincial EEM 

program since 1997; 

 South Kemess Creek, including (from upstream to downstream): 

o Upper South Kemess Creek (TP-2) – located downstream of the tailings impoundment 

and downstream of the Mill Creek confluence, corresponding with Bustard 

juvenile-fish-sampling station TP-2; 

o South Kemess Creek side-channel (TP-5 (SC)) – side-channel located downstream of 

TP-2, constructed in 2002 to increase available char rearing habitat, corresponding with 

Bustard station TP-5; 

o Middle South Kemess Creek (TP-4) – on South Kemess Creek, downstream of TP-2 and 

TP-5, corresponding with Bustard station TP-4; 

o Lower-mid South Kemess Creek (TP-3) – located downstream of TP-2, TP-5 and TP-4, 

corresponding with Bustard station TP-3; and 

o Lower South Kemess Creek (TP-1) – located approximately 50 m upstream of the 

confluence of South Kemess Creek and North Kemess Creek, corresponding to previous 

provincial EEM station EEM-5 and Bustard fish-collection station TP-1. 

 Lower Kemess Creek (KM-1) – far-field, exposure station on the Kemess Creek mainstem 

immediately upstream of the Omineca Resources Access Road bridge crossing, corresponding 

with Bustard fish-collection station KM-1 (and side-channel station KM-3) and located 

approximately 100 m upstream of previous lower Kemess Creek EEM station (EEM-1). 

Photographs of each station are included in Appendix A1. 
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2.2 BENTHIC INVERTEBRATE SURVEY 

Benthic communities were sampled from cobble/gravel areas at each sampling station to assess 

invertebrate community densities, richness, and structure. In freshwater environments such as those in 

Kemess-area streams, these communities are comprised of the larval stages of various insect species, as 

well as small aquatic worms, crustaceans, and other taxa. 

2.2.1 Sample Collection and Analysis 

Benthic invertebrates were collected at each location using a Hess sampler with a 202-μm screen and 

area of 0.0908 m2. Three replicate samples at each station were collected, following similar protocols to 

those outlined in the BC Field Sampling Manual (BC MWLAP 2003): 

 The Hess sampler was positioned securely on the stream bottom parallel to the flow (i.e., with the 

cod-end facing downstream); 

 All rocks and large stones within the frame were turned and lightly scrubbed to remove attached 

biological materials and invertebrates. All stones were examined for attached organisms including 

larval or pupal cases before discarding outside of the cylinder; 

 The remaining gravel was stirred to a depth of 10 cm. The sample was agitated for a consistent 

amount of time (three minutes) using a consistent amount of effort, to ensure comparability of 

samples; and 

 The sample net was rinsed, with all invertebrates washed into the cod-end. Invertebrates were 

transferred to a pre-labeled sample bottle and preserved with 10% formalin. 

Replicates from each station were collected in areas of similar depth and velocity. 

Benthic invertebrate replicate samples were shipped to Ms. Susan Salter of Cordillera Consulting 

(Summerland, BC) for taxonomic analyses; Ms. Salter has conducted taxonomic analyses for this 

program for the past several years. 

Samples were screened through a 500-μm screen, with organisms retained by this screen kept for 

analysis. Previous to 2010, the Kemess provincial EEM program used a 250-μm screen, while the federal 

EEM program used a 500-μm screen, as stipulated by federal EEM guidance. In 2007 and 2008, 

provincial samples were analyzed in two fractions (>500 μm and >250 μm) for comparison between these 

two methods. Results were reported in the 2007 EEM report (Hatfield 2008), and indicated that most 

organisms not retained by the 500-μm screen but captured in the 250-μm screen were non-insect taxa 

such as mites (Hydracarina) and ostracods. Where appropriate in this document, differences in screen 

sizes are noted in retrospective comparisons of invertebrate densities over time. 

Laboratory analysis of provincial benthos followed federal EEM guidelines for quality control and 

assurance (Environment Canada 2012). Organisms were identified to the lowest practical level by the 

consulting taxonomist. Non-insect taxa and terrestrial taxa identified by the taxonomist were excluded 

from analysis and highlighted within the laboratory reports. A review of previous data (2011 to 2013) 

indicated some of these taxa were included in previous analysis due to not being flagged during 
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taxonomic identification. To correct for this, all benthic metrics were recalculated between 2011 and 2013 

to ensure accuracy in the reporting. Index calculations or statistical analyses were undertaken using 

family-level taxonomic resolution (or higher), consistent with federal EEM guidance (Environment Canada 

2012). 

2.2.2 Data Analysis 

2.2.2.1 Community Metrics 

The following community metrics were calculated in accordance with Metal Mining Technical Guidance for 

EEM (Environment Canada 2012): 

 Total density: The total number of individuals of all taxa collected at a station expressed per unit 

area. Raw count data for 2016 were divided by the area of the sampler (i.e., 0.0908 m2); 

 Taxon richness (family): The total number of different invertebrate families present at each 

station. If an organism was identified to lower than family level, it was shifted up to family level. If 

an organism was identified higher than family level, it was assumed that the organism would fit 

into one of the families already identified if it was a common order (e.g., Diptera) or alternately, if 

it was not part of an order already containing family groupings, it was counted independently; 

 Simpson’s diversity index: Simpson’s diversity index (D) takes into account both the 

abundance patterns and taxonomic richness of the community. This is calculated by determining, 

for each taxonomic group at a station, the proportion of individuals that it contributes to the total at 

the station. This diversity index can range from 0 to 1, with a value of 1 representing the highest 

diversity. Simpson’s diversity index is calculated as: 

 

Where: 

 D = Simpson’s index of diversity; 

 S = the total number of taxa (family) at the station; and 

 pi = the proportion of the ith taxon at the station. 

 

 Evenness (equitability): Evenness takes into consideration the abundance of each taxon in 

proportion to total density and the taxonomic richness at the station. Evenness ranges from 

0 to 1, where an evenness of 1 represents a community where each taxon present is equally 

abundant and an evenness approaching 0 represents a community where taxa differ widely in 

abundance. 
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Evenness is calculated as: 

 

Where: 

 E = Evenness; 

 pi = the proportion of the ith taxon (family) at the station; and 

 S = the total number of taxa at the station. 

2.2.3 Statistical Analyses 

2.2.3.1 Statistical Comparisons 

No statistical comparisons between pre-discharge (i.e., 2010 to 2013) and post-discharge (i.e., 2014 to 

2016) data were made in this year’s report given direct discharges to South Kemess Creek from the 

spillway have not yet occurred, and only three years of post-discharge data (via indirect releases from the 

tailings sediment pond) were available. 

2.2.3.2 Similarity Index 

Similarities in invertebrate community structure were examined using the Bray-Curtis index (also called 

Czekanowski’s dissimilarity coefficient; see Bloom 1981). This index is based on pairwise comparisons 

between stations of density data for individual taxa, and is calculated using the following equation: 

Where: 

 B-C = Bray Curtis distance between stations 1 and 2; 

 yi1 = count for taxa i at station 1; 

 yi2 = count for taxa i at station 2; and 

 n = total number of taxa present at the two stations. 

Bray-Curtis indices were calculated using family-level data. Index values, ranging from 0 to 1, indicate the 

similarity of community composition (i.e., occurrence and relative abundance of taxa at each station), 

with 0 indicating no difference between communities, and 1 indicating complete difference between 

communities. Communities were judged to be similar if the index value was <0.4, and very similar if the 

index value was <0.2. 
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2.2.4 Quality Assurance/Quality Control 

As a laboratory QA/QC check after taxonomic analysis, previously sorted debris was re-sorted in 10% of 

the samples to determine the efficacy of the initial sorting. Following Environment Canada guidance for 

EEM programs (Environment Canada 2012), the average number of individuals in the original sort must 

account for 90% of the total number of individuals enumerated. If the average is less than 90%, re-sorts 

must be conducted on all samples. 

2.3 PERIPHYTON SURVEY 

Periphyton represents a complex community of algae and heterotrophic (i.e., non-photosynthesizing) 

microbes that are attached to submerged substrata and are an important food source for many species of 

benthic invertebrates. 

2.3.1 Sample Collection and Analysis 

2.3.1.1 Algal Biomass and Taxonomy 

To assess periphyton biomass (measured as chlorophyll a), five rocks were sampled to collect a total of 

five replicate samples per station. To assess periphyton community composition, one composite sample 

consisting of five replicates was collected per station. Samples were collected following BC MOE 

guidance (Cavanagh et al. 1994) and accepted practice, as follows: 

 Rocks that were relatively flat, small enough to lift, and large enough to collect a sufficient sample 

were removed and brought to shore; 

 A 4-cm × 4-cm (16-cm2) template was held over a selected patch of rock. Typically, the template 

was tossed onto each rock from a short distance, to introduce a degree of randomness of areas 

sampled. A scalpel was used to remove periphyton from the area within this template. One 

scraping was collected per rock for chlorophyll a biomass analysis with five rocks sampled to 

collect a total of five replicate samples per station. One composite sample consisting of five 

replicate samples was collected for taxonomic analysis; 

 For chlorophyll a analyses, all rock scrapings were transferred directly on to 0.45 μm acetate filter 

paper, with one filter paper used for each of the five replicate samples. Filter paper was then 

folded, wrapped in a large piece of labeled aluminum foil, placed in Ziploc bag, and frozen. 

Frozen samples were shipped on ice to Maxxam Analytics Ltd. (Burnaby, BC) at the end of the 

sampling program; and 

 For periphyton community analyses, one composite sample was collected, consisting of one 

scraping per rock, collected from each of five rocks. Each sample was preserved with Lugol’s 

iodine solution and sent to a qualified taxonomist (Karen Munro, Stantec Consulting Ltd.) where 

organisms were identified to species where practical. 

2.3.1.2 Extensive Visual Survey 

The extensive periphyton survey was conducted by Bustard and Associates from September 7 to 12, 2016, 

during adult bull trout redd surveys. Rapid, visual surveys of periphyton presence, abundance, and type 
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were made in regional creeks of the Thutade watershed. These include one survey in Tributary 4 near the 

top of the fishway, three surveys mid-reach in Attichika Creek, and two surveys in lower Attichika Creek 

downstream from the Kemess Creek confluence. Multiple surveys were also conducted at regular intervals 

(every 1 to 2 km) in the Kemess Creek watershed. These surveys were conducted with specific attention 

paid to the possible presence and abundance of the diatom Didymosphenia geminata (didymo), a 

suspected invasive species in many watersheds.  

At each periphyton-survey location, two observers, both with more than ten years of experience, 

inspected stream substrates for periphyton, and recorded their observations in a short field form, modified 

from a rapid field assessment form presented in Biggs and Kilroy (2000). At each station, observers 

recorded the following information: UTM coordinates; presence, colour, gross morphology, and 

mat-thickness for any periphyton present; and presence and percent cover of D. geminata. Details of the 

periphyton visual survey are presented in Bustard (2017). 

2.3.2 Data Analysis 

2.3.2.1 Periphyton Biomass 

Periphyton biomass was expressed as mass of chlorophyll a per area sampled, as μg/cm2. In 2016, the 

conversion of absolute mass to per-unit-area mass was completed by the analytical laboratory (Maxxam) 

and reported directly in that form. 

Chlorophyll a data collected from all stations were compared with BC water quality criteria for nutrients 

and algae which provide a guideline of a maximum biomass of 10 μg/cm2 for the protection of aquatic life 

in streams (BC MOE 2001). This guideline is designed to protect fish habitat and changes in communities 

of organisms such as benthic invertebrates (BC MOE 2001). 

2.3.2.2 Community Metrics 

Taxonomic analyses of periphyton community data were semi-quantitative, consisting of presence and 

absence observations and an overall assessment of the proportion of major taxa groups. Given that these 

data were semi-quantitative, the only community metrics that could be determined were the proportion of 

major taxa groups and taxa richness. 

2.3.3 Quality Assurance/Quality Control 

Laboratory QA/QC procedures are conducted during periphyton biomass sample analysis to test 

accuracy and ensure no potential contamination is introduced into the samples. These QA/QC samples 

include spike blanks, which test accuracy by adding a known amount of an analyte to a blank matrix 

sample, and a method blank which is a blank matrix which is treated with all of the reagents in the 

analytical procedure to ensure they are not a source of contamination. 

For QA/QC during taxonomic analyses, replicate aliquots were taken from the samples and examined to 

confirm relative proportions of diatom and non-diatom species. 
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2.4 WATER QUALITY SURVEY 

Water samples for North Kemess Creek, South Kemess Creek, and the lower Kemess Creek mainstem 

were collected by Kemess Environmental Department staff as part of their routine monitoring program. 

Station WQ-04, in North Kemess Creek, is the same location as biological monitoring station EEM-4; 

WQ-25 is located in South Kemess Creek downstream of the confluence with Mill Creek (TP-2), and 

WQ-01 is in lower Kemess Creek at the ORAR bridge (KM-1). Samples were collected monthly at WQ-25 

and WQ-01, and quarterly at WQ-04. 

2.4.1 Sample Collection 

All sampling was completed following protocols outlined in the BC Field Sampling Manual (BC MWLAP 2003). 

Following collection, water samples were preserved (if required for metals analysis) and kept cold. Samples 

were packed in coolers with ice packs and shipped to Maxxam Analytics (Vancouver, BC) for analysis. 

2.4.2 Sample Analysis 

Water samples were analyzed by Maxxam Analytics (Vancouver, BC) for: 

 Physical variables: conductivity, hardness, pH, total suspended solids, and turbidity; 

 Dissolved anions: total alkalinity, chloride, and sulphate; 

 Nutrients: nitrate and nitrite nitrogen, ammonia nitrogen, total nitrogen, dissolved 

orthophosphate; and 

 Total and dissolved metals: aluminum, antimony, arsenic, barium, beryllium, bismuth, boron, 

cadmium, calcium, chromium, cobalt, copper, iron, lead, lithium, magnesium, manganese, 

molybdenum, nickel, phosphorus, potassium, selenium, silicon, silver, sodium, strontium, 

thallium, tin, titanium, uranium, vanadium, and zinc. 

One duplicate sample also was collected from a randomly selected station for quality assurance and 

quality control (QA/QC) analyses, as well as one field blank and one trip blank. 

2.4.3 Data Interpretation 

Water quality data were screened against provincial guidelines, the British Columbia Approved Water 

Quality Guidelines for the protection of aquatic life (BC MOE 2016), and federal guidelines, the Canadian 

Water Quality Guidelines for the Protection of Aquatic Life (CCME 2016). Data were screened against 

guidelines to identify any water quality variables with concentrations that may pose a potential risk to aquatic 

biota, and to evaluate any spatial patterns in water quality prior to effluent discharge. 

2.5 CORRELATIONS 

Historical and short term data were compiled for periphyton and benthic indices to determine relationships 

between variables through correlation analysis. Pearson’s r correlation coefficients (linear dependence) and 

Spearman’s rank correlation coefficients (non-parametric) were calculated for pairs of variables to assess if 

any correlations exist between indices. Data were compared visually to determine whether a linear or non-

parametric analysis would best describe the variables being compared. All correlation results presented in this 

report are Spearman’s rank correlation coefficients, given the non-parametric nature of the data. 
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3.0 RESULTS 

3.1 BENTHIC INVERTEBRATE SURVEY 

A summary of the key findings from the benthic invertebrate community survey is presented below; raw 

data used for benthic metrics for each replicate station are presented in Appendix A2. 

3.1.1 Community Metrics 

Descriptive metrics for benthic invertebrate communities sampled from South Kemess, North Kemess, 

and lower Kemess creeks in September 2016 are presented in Figure 2 to Figure 5. These metrics 

include total density, total taxonomic richness, Simpson’s diversity, and evenness. Data are presented as 

mean values ± standard deviation (or, for richness, total taxa among all replicates), as well 

as by individual replicate. 

Invertebrate communities exhibited higher average densities in South Kemess Creek than in lower 

Kemess or North Kemess creeks in 2016 (Figure 2). The highest density was observed in upper South 

Kemess Creek at station TP-2, and was lowest in lower Kemess Creek at station KM-1. Average densities 

were similar between the South Kemess Creek side channel (TP-5) and North Kemess Creek (EEM-4). 

Figure 2 Average total densities (organisms/m2, ± standard deviation) of benthic 
invertebrate communities sampled in North Kemess, South Kemess, and lower 
Kemess creeks, September 2016. 

 

Note: Circles represent values for individual replicates (n=3/station). 

Taxa richness varied among stations, ranging from 16 to 23 taxa, with the highest richness observed at 

South Kemess Creek side channel station TP-5 and the lowest richness observed in South Kemess 

Creek at station TP-3 in 2016 (Figure 3). 
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Figure 3 Total taxa richness (# of families, all replicates combined) of benthic 
invertebrate communities sampled in North Kemess, South Kemess, and lower 
Kemess creeks, September 2016. 

 
Note: Circles represent values for individual replicates (n=3/station). 

 

In 2016, Simpson’s diversity ranged from 0.68 to 0.87, with the highest diversity occurring at North 

Kemess Creek (EEM-4) and the lowest diversity occurring at South Kemess station TP-3. Overall stations 

in South Kemess Creek had lower diversity index results in 2016, relative to North Kemess and Lower 

Kemess creeks (Figure 4). 

Figure 4 Average Simpson’s diversity index (± standard deviation) of benthic 
invertebrate communities sampled in North Kemess, South Kemess, and lower 
Kemess creeks, September 2016. 

 
Note: Circles represent values for individual replicates (n=3/station). 
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Evenness of benthic invertebrate communities was relatively low (i.e., <0.50) at all stations in 2016, with 

lowest evenness observed in upper South Kemess (TP-3) and highest observed in North Kemess Creek 

(EEM-4) (Figure 5). Evenness at lower Kemess (KM-1) and North Kemess (EEM-4) was approximately 

twice as high as the stations on South Kemess Creek. All stations in South Kemess Creek had similar 

results in 2016 (Figure 5). 

 

Figure 5 Average evenness index value of benthic invertebrate communities (± 
standard deviation) sampled in North Kemess, South Kemess, and lower 
Kemess creeks, September 2016. 

 

Note: Circles represent values for individual replicates (n=3/station). 

3.1.2 Community Composition 

The benthic invertebrate community at all of the stations in 2016 consisted mostly of EPT taxa 

(i.e., mayflies, stoneflies, and caddisflies), comprising 74% to 91% of the density. Chironomids (midges) 

comprised an additional 8% to 24% of density at all stations. 

In 2016, the benthic invertebrate community at South Kemess Creek was dominated by small minnow 

mayflies (baetids), with the exception of station TP-5 (side channel), which was dominated by brown 

stoneflies (nemourids). Chironomids, stoneflies (chloroperlids, taeniopterygids, nemourids), and mayflies 

(ephemerellids, heptageniids) were all fairly common at the South Kemess stations (Table 1). Similar to 

South Kemess Creek communities, the benthic invertebrate community at Lower Kemess Creek (KM-1) 

was dominated by mayflies (baetids), with brown stoneflies (nemourids) and midges (chironomids) also 

fairly common (Table 1). Heptageniids (mayflies) were the dominant taxa observed at the North Kemess 

Creek station EEM-4, comprising of 25% of the density (Table 1). The remainder of the benthic 

community at EEM-4 was mostly comprised of chironomids and EPT taxa (i.e., mayflies, stoneflies, and 

caddisflies). 
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Table 1 Average densities (organisms/m2) of major invertebrate taxa in North Kemess, 
South Kemess, and lower Kemess creeks, September 2016.  

 

 

 

Creek and North Lower

station Kemess Upstream Downstream Kemess

Taxon EEM-4 TP-2 TP-5 (SC) TP-4 TP-3 TP-1 KM-1

Ephemeroptera (Mayflies)

   Ameletidae 51 0 0 0 0 0 4

   Baetidae 231 3,194 496 2,364 3,488 2,922 400

   Ephemerellidae 173 184 195 66 187 356 162

   Heptageniidae 764 308 106 518 870 1,054 261

Plecoptera (Stoneflies)

   Capniidae 143 0 15 70 37 81 114

   Chloroperlidae 272 26 73 220 668 701 92

   Leuctridae 143 18 7 22 77 66 55

   Nemouridae 198 830 1,116 242 286 220 235

   Perlodidae 26 4 51 11 44 62 7

   Taeniopterygidae 253 95 158 88 62 81 117

Trichoptera (Caddisflies)

   Apataniidae 0 0 0 0 0 0 7

   Brachycentridae 0 0 0 0 0 0 7

   Glossosomatidae 4 0 7 0 0 0 4

   Hydropsychidae 99 407 55 158 136 15 22

   Limnephilidae 0 0 15 0 7 0 4

   Rhyacophilidae 62 158 33 26 70 44 44

   Uenoidae 0 0 55 7 0 7 0

   Unidentified 0 0 0 4 0 0 0

Diptera (True flies)

   Ceratopogonidae 29 0 7 0 0 37 11

   Chironomidae 499 1,652 529 753 540 587 176

   Empididae 26 48 37 15 22 7 4

   Psychodidae 0 0 4 0 0 0 0

   Simuliidae 0 26 7 15 0 0 15

   Tipulidae 7 26 51 22 15 4 11

Arachnida (Mites)

   Hygrobatidae 11 0 7 0 0 0 0

   Lebertiidae 11 33 11 0 0 7 0

   Sperchontidae 48 22 110 15 22 40 4

Oligochaeta (Segmented worms)

   Enchytraeidae 4 0 0 0 0 0 0

   Naididae 0 4 0 0 0 0 0

Total density 3,054         7,034         3,146         4,615         6,531         6,292          1,755         

Warmer colours indicate higher values.

South Kemess
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Table 2 Relative Abundance (%) of major invertebrate taxa in North Kemess, South 
Kemess, and lower Kemess creeks, September 2016. 

 

3.1.2.1 Bray-Curtis Index  

The similarity of benthic communities at each station, calculated using Czekanowski’s coefficient 

(Bray-Curtis index) from mean densities of each taxon (family-level), is presented in Table 3 below. 

Creek and North Lower

station Kemess Upstream Downstream Kemess

Taxon EEM-4 TP-2 TP-5 (SC) TP-4 TP-3 TP-1 KM-1

Ephemeroptera (Mayflies)

   Ameletidae 1.68% 0.00% 0.00% 0.00% 0.00% 0.00% 0.21%

   Baetidae 7.57% 45.41% 15.75% 51.23% 53.40% 46.44% 22.80%

   Ephemerellidae 5.65% 2.61% 6.18% 1.43% 2.87% 5.66% 9.21%

   Heptageniidae 25.00% 4.38% 3.38% 11.22% 13.32% 16.74% 14.85%

Plecoptera (Stoneflies)

   Capniidae 4.69% 0.00% 0.47% 1.51% 0.56% 1.28% 6.49%

   Chloroperlidae 8.89% 0.37% 2.33% 4.77% 10.23% 11.14% 5.23%

   Leuctridae 4.69% 0.26% 0.23% 0.48% 1.18% 1.05% 3.14%

   Nemouridae 6.49% 11.80% 35.47% 5.25% 4.38% 3.50% 13.39%

   Perlodidae 0.84% 0.05% 1.63% 0.24% 0.67% 0.99% 0.42%

   Taeniopterygidae 8.29% 1.36% 5.02% 1.91% 0.96% 1.28% 6.69%

Trichoptera (Caddisflies)

   Apataniidae 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.42%

   Brachycentridae 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.42%

   Glossosomatidae 0.12% 0.00% 0.23% 0.00% 0.00% 0.00% 0.21%

   Hydropsychidae 3.25% 5.79% 1.75% 3.42% 2.08% 0.23% 1.26%

   Limnephilidae 0.00% 0.00% 0.47% 0.00% 0.11% 0.00% 0.21%

   Rhyacophilidae 2.04% 2.24% 1.05% 0.56% 1.07% 0.70% 2.51%

   Uenoidae 0.00% 0.00% 1.75% 0.16% 0.00% 0.12% 0.00%

   Unidentified 0.00% 0.00% 0.00% 0.08% 0.00% 0.00% 0.00%

Diptera (True flies)

   Ceratopogonidae 0.96% 0.00% 0.23% 0.00% 0.00% 0.58% 0.63%

   Chironomidae 16.35% 23.49% 16.80% 16.31% 8.26% 9.33% 10.04%

   Empididae 0.84% 0.68% 1.17% 0.32% 0.34% 0.12% 0.21%

   Psychodidae 0.00% 0.00% 0.12% 0.00% 0.00% 0.00% 0.00%

   Simuliidae 0.00% 0.37% 0.23% 0.32% 0.00% 0.00% 0.84%

   Tipulidae 0.24% 0.37% 1.63% 0.48% 0.22% 0.06% 0.63%

Arachnida (Mites)

   Hygrobatidae 0.36% 0.00% 0.23% 0.00% 0.00% 0.00% 0.00%

   Lebertiidae 0.36% 0.47% 0.35% 0.00% 0.00% 0.12% 0.00%

   Sperchontidae 1.56% 0.31% 3.50% 0.32% 0.34% 0.64% 0.21%

Oligochaeta (Segmented worms)

   Enchytraeidae 0.12% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

   Naididae 0.00% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00%

100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

South Kemess
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Table 3 Similarity of benthic communities sampled in North Kemess, South Kemess, 
and lower Kemess creeks, September 2016, measured using Czekanowski’s 
coefficient (0=identical; 1=completely dissimilar). 

Station EEM-4 TP2 TP5 (SC) TP4 TP3 TP1 

EEM-4 - - - - - - 

TP2 0.647 - - - - - 

TP5 (SC) 0.456 0.515 - - - - 

TP4 0.456 0.293 0.541 - - - 

TP3 0.468 0.280 0.595 0.231 - - 

TP1 0.457 0.332 0.599 0.224 0.110 - 

KM-1 0.371 0.664 0.431 0.530 0.620 0.599 

 
Benthic communities show high similarity (<0.4). 
Benthic communities show very high similarity (<0.2). 

 

In 2016, benthic invertebrate communities from lower Kemess Creek mainstem (KM-1) exhibited dissimilar 

composition (Bray-Curtis >0.4) to communities from all other stations, with the exception of EEM-4 (Table 3). 

This is likely due to the lower density of mayflies at KM-1 and EEM-4 compared with stations in South Kemess 

Creek (Table 1). South Kemess station TP-5 (side channel) also had a dissimilar composition, to all stations 

likely due to the higher density of stoneflies (Table 1). Benthic communities at South Kemess stations TP-3 

and TP-1 were very highly similar in 2016 (Bray-Curtis <0.2), likely due to densities of mayflies, stoneflies, and 

true flies (e.g., chironomidae). High similarities (Bray-Curtis <0.4) in benthic communities at all the South 

Kemess stations, with the exception of the station on the side channel (TP-5), were likely due to similar 

proportions of the mayflies Baetidiae (45 to 53%, Table 2). 

3.1.3 Comparisons with Historical Data  

Densities of benthic invertebrate communities in North Kemess Creek, South Kemess Creek, and lower 

Kemess Creek mainstem stations have been highly variable over time (Figure 6). The highest densities of 

benthic invertebrates were generally observed in 2013 at most stations, with the exception of the North 

Kemess Creek (EEM-4), and South Kemess Creek at TP-5 (side channel) and TP-1. Total density of benthic 

invertebrates was lower at all stations in 2016 compared to 2015, with the exception of South Kemess Creek 

station TP-1 (Figure 6). Generally benthic invertebrate communities have been declining in density in the 

Kemess watershed since 2013. 

In 2016, total taxa richness (family-level) was generally low, reaching a historical minimum value at some 

stations in South Kemess, excluding the side channel (TP-5) and the most downstream sampling site on the 

creek (TP-1) (Figure 7). Generally, a decline in taxa richness, similar to that in benthic densities, appears to be 

occurring over time at most stations (Figure 7).  

Simpson’s diversity in 2016 decreased slightly relative to 2015 at all stations except for lower Kemess Creek 

(KM-1) and the side channel station on South Kemess (TP-5). Simpson’s diversity index values appear to be 

remaining fairly consistent over time and most 2016 results were within the historical range (Figure 8).  
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Evenness increased between 2015 and 2016 at all stations, except for South Kemess (TP-3), and reached 

historical maximums at North Kemess Creek (EEM-4), South Kemess Creek (TP-2), and lower Kemess Creek 

(KM-1) relative data collected since 2011 (Figure 9). 

Figure 6 Average total densities (# organisms/m2) of benthic invertebrates in Kemess 
Creek, 2011 to 2016. 
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Figure 7 Total taxa richness (# of families) of benthic invertebrates in Kemess Creek, 
2011 to 2016. 
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Figure 8 Simpson’s diversity index of benthic invertebrates in Kemess Creek, 2011 to 
2016. 
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Figure 9 Evenness of benthic invertebrates in Kemess Creek, 2011 to 2016. 

 

3.2 PERIPHYTON SURVEY 

A summary of periphyton results is presented below; raw data and detailed taxonomic results are 

included in Appendix A3. 

3.2.1 Biomass (Chlorophyll a) 

Mean periphyton biomass was variable among samples from South Kemess Creek in 2016, ranging from 

2.25 µg/cm2 at TP-2 to 13.37 µg/cm2 at TP-4 (Figure 10). Mean periphyton biomass was higher at lower 

Kemess Creek (0.74 µg/cm2) than at the North Kemess Creek reference station (0.43 µg/cm2) in 2016; 

however biomass at both creeks was much lower than all stations in South Kemess Creek (Figure 10). 

Periphyton biomass was above the BC guideline of 10 μg/cm2 for the protection of aquatic life in streams 

(BC MOE 2001) at station TP-4 (13.37 μg/cm2) in South Kemess Creek during the 2016 sampling period. 
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Figure 10 Mean periphyton biomass (as chlorophyll a) in North Kemess, South Kemess, 
and lower Kemess creeks, September 2016. 

 

 

3.2.2 Community Composition 

Periphyton communities may comprise of five major algal classes: diatoms (Bacillariophyceae), green 

algae (Chlorophyceae), yellow-brown algae (Chrysophyceae), red algae (Rhodophyceae), and blue-

green algae (Cyanophyceae). All stations sampled in 2016 were dominated by diatoms (> 70% diatoms, 

Figure 11). In addition to diatoms, periphyton communities were comprised of 5% to 25% green algae 

and 2% to 10% blue-green algae (Figure 11). Periphyton taxa richness at all stations ranged from 16 to 

24 in 2016 (Figure 12), with the lowest richness observed in South Kemess Creek (TP-1), and highest 

richness observed at the lower Kemess Creek (KM-1).  
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Figure 11 Relative abundance of five major periphyton families in North Kemess, 
South Kemess, and lower Kemess creeks, September 2016. 

 

Figure 12 Taxa richness of periphyton communities in North Kemess, South Kemess, 
and lower Kemess creeks, September 2016. 
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3.2.3 Comparisons with Historical Data 

Over the past six years, mean periphyton biomass (measured as chlorophyll a) has shown great variability 

among stations in South Kemess Creek, North Kemess Creek, and lower Kemess Creek (Figure 13). In 

2016, periphyton biomass was within the range of values measured at all stations compared to previous 

years (i.e., 2011 to 2015) (Figure 13).  

In 2016, richness of algal taxa was lower or equal to results in 2015 at all stations, with the exception of 

lower Kemess station KM-1 (Figure 14). Overall, periphyton richness in 2016 was slightly lower than the 

long-term average (1999 to 2016) of 23 taxa at North Kemess and South Kemess creeks (Figure 15). 

Taxa richness at lower Kemess Creek increased above the long-term average (1999 to 2016) to 24 taxa, 

showing an increasing trend since 2012. 

All stations were dominated by diatoms between 2011 and 2016, ranging from 70% to 100% occurrence 

(Figure 16). In general, 2016 showed higher diversity of periphyton compared to the previous years (2011 

to 2015), with green algae and/or blue-green algae occurring for the first time at many of the stations. 

The occurrence and relative prevalence of the mat-forming diatom D. geminata in the algal community 

has generally increased since 1992, when D. geminata was observed as “present” during baseline 

studies (Table 4) (at low levels, typically as empty frustules only). In recent years, this diatom has grown 

to be the dominant or subdominant alga in most communities sampled in the Kemess area; however, 

since 2013, D. geminata has generally been showing a declining prevalence in many stations, being 

listed as “predominant” only at South Kemess Creek station TP-1 in 2016 (Table 4). Reporting didymo as 

“common” and not “predominant” refers to prevalence of algal cells only, not mats of didymo cell stalks. In 

2016, didymo mats were present in periphyton samples from all stations.  
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Figure 13 Mean periphyton biomass (as chlorophyll a) in North Kemess, South Kemess, 
and lower Kemess creeks, 2011 to 2016. 
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Figure 14 Taxa richness of periphyton communities in North Kemess, South Kemess, 
and lower Kemess creeks, 2011 to 2016. 

 

Figure 15 Taxa richness of periphyton communities in North Kemess, South Kemess, 
and lower Kemess creeks, 1999 to 2016. 
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Figure 16 Relative abundance of five major periphyton families in North Kemess, South Kemess, and lower Kemess creeks, 
2011 to 2016. 
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Table 4 Recorded presence of the invasive diatom Didymosphenia geminata at Kemess provincial EEM stations, 1996 to 
2016.1,2,3

  

Location (Station) 92 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

North Kemess Ck. 

(EEM-4) 
 - - -   ns - -             

Lower Kemess Ck.  

(KM-1) 
- - -    ns           -    

South Kemess Ck.  

(TP-1) 
 - - - - - ns               

South Kemess Ck.  

(TP-2) 
ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns       

South Kemess Ck.  

(TP-3) 
ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns       

South Kemess Ck.  

(TP-4) 
ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns       

South Kemess Ck.  

(TP-5) 
ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns       

1 1992 data from Hallam Knight Piésold (1993). 
2 Data from 1999 to 2016 from detailed periphyton taxonomy results presented in each annual monitoring report; data from 1996 to 1998 from summary report for each station included 

with subsequent annual reporting. 
3 Qualitative estimates of average abundance at each station. 

 
ns = Not sampled 

- = D. geminata not observed 

 = D. geminata present 

 = D. geminata common 

 = D. geminata predominant 
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3.2.4 Extensive Visual Survey 

Visual surveys of periphyton in the Thutade Lake watershed during adult bull trout redd surveys in 

September 2016 found D. geminata present throughout the majority of sampling stations in the Kemess 

Creek watershed (Table 5 and Figure 17). Similar to 2014 and 2015 results, D. geminata was absent from 

the south fork of Tributary 4, mid-Attichika Creek, and upper North Kemess Creek (Table 5). 
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Table 5 Percent coverage of the invasive diatom Didymosphenia geminata in the Thutade Lake watershed, 2016. 

Stream 
Location (m) 

(From start of survey) 
Date 

UTM Didymo 

present 

Other periphyton present 

Aquatic Mosses Present Mat/film Filaments 

Z E N 
Thin Med Thick Short Long 

(Y or N) (<.5mm) (0.5-3.0) (>3.0) (Y or N) 

South Kemess 10 Sept 7/16 9 638954 6322583 Y b/db D-20% nr 

South Kemess 455 Sept 7/16 9 639391 6322474 Y g/b D-50% nr 

South Kemess 834 Sept 7/16 9 639745 6322338 Y lb/b D-30% nr 

South Kemess 1150 Sept 7/16 9 640062 6322287 Y lb/b D-40% g Y 

Lower Kemess 500 Sept 8/16 9 638693 6322177 Y db/g D-10% nr 

Lower Kemess 2500 Sept 8/16 9 637402 6320574 Y db/g D-15% g g nr 

Lower Kemess 4940 Sept 8/16 9 636232 6318462 Y db/g D-5% g g N 

Lower Kemess 6400 Sept 8/16 9 635138 6317424 Y b/g D-1% g nr 

North Kemess 360 Sept 10/16 9 645067 6324162 N g/db 0% g N 

North Kemess 3240 Sept 10/16 9 642495 6325408 Y lb/b D-20% Y 

North Kemess 3920 Sept 10/16 9 641719 6325410 Y g/b D-70% Y 

North Kemess 5630 Sept 10/16 9 639748 6323747 Y lb/b D-10% N 

Mid-Attichika 336 Sept 8/16 9 641084 6311580 N lb/b 0% Y

Mid-Attichika 2030 Sept 8/16 9 643952 6311706 N g/lb/b 0% Y

Mid-Attichika 2920 Sept 8/16 9 639448 6313658 N g/bl 0% Y

Lower Attichika 360 Sept 12/16 9 634432 6317125 Y g/lb D-20% Y 

Lower Attichika 2990 Sept 12/16 9 631779 6317249 Y g/lb D-45% g g nr 

Tributary 4 1440 Sept 11/16 9 620734 6314321 N g/b 0% g g Y 

Note: sampling was conducted during adult bull trout redd surveys from September 7 to 13, 2017 by Bustard and Associates. 

Colour code: g=green; lb=light brown; b/db=black/dark brown; b=black; w=white. 

D - % indicates the percentage of didymo present at each sampling location. 
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Figure 17 Location of Didymosphenia geminata sample stations and survey sections in 
Kemess watershed, September 2016. 
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3.3 WATER QUALITY SURVEY  

Given indirect releases from the downstream buttress zone of the tailings impoundment (i.e., the tailings 

sediment pond) have occurred since September 2013, fall 2016 water quality results from North, South, 

and lower Kemess creeks were compared against fall historical maxima (2010 to August 2013) in each 

creek. Results are presented in Table 6. 

3.3.1 North Kemess Creek 

Similar to previous years, water in North Kemess Creek was soft (hardness 51 to 54 mg/L), low in 

alkalinity, and very low in dissolved nutrients and total and dissolved metals (Table 6). In 2016, the 

following variables exceeded the 2010 to 2013 maxima in North Kemess Creek:  

 Conductivity, pH, total hardness, turbidity, total alkalinity, dissolved sulphate, dissolved chloride,

ammonia nitrogen, and dissolved orthophosphate;

 Total metals including: barium, calcium, magnesium, sodium, strontium, and uranium; and

 Dissolved metals including: barium, calcium, magnesium, manganese, molybdenum, sodium,

strontium, uranium, and zinc.

Concentrations of all variables in North Kemess Creek were below BC or CCME water quality guidelines 

in 2016, with the exception of total manganese which exceeded BC 30-day average and BC 30 day max 

water quality guideline in August and October. 

3.3.2 South Kemess Creek 

Water in South Kemess Creek had variable hardness concentrations, ranging from 113 mg/L in August to 

150 g/L in September 2016. Overall water was harder, than in previous years. Dissolved nutrients 

(i.e., phosphorous, orthophosphate), nitrate, and ammonia nitrogen also tended to be higher than the 

historical maximum. In 2016, the following variables exceeded the 2010 to 2013 maxima in South 

Kemess Creek (Table 6): 

 Conductivity, pH, total hardness, alkalinity, dissolved sulphate, dissolved chloride, dissolved

phosphorus, nitrate, ammonia nitrogen, and dissolved orthophosphate;

 Total metals including: aluminum, antimony, arsenic, barium, cadmium, calcium, cobalt, iron,

lead, lithium, magnesium, manganese, molybdenum, potassium, selenium, silicon, sodium,

strontium, thallium, titanium, uranium, and vanadium; and

 Dissolved metals including: antimony, arsenic, barium, calcium, lithium, magnesium, manganese,

molybdenum, potassium, selenium, silicon, sodium, strontium, thallium, and uranium.

Ion concentrations (i.e., sulphate, chloride, calcium, magnesium, potassium, and sodium) as well as total 

and dissolved barium, magnesium, and strontium were notably higher in South Kemess Creek in 2016 

relative to 2010 to 2013. Generally, concentrations of all analytes were higher in September, relative 

August or October sampling. All of the measured variables were below BC or CCME water quality 

guidelines in 2016, with the exception of manganese (in August, September and October) and 

molybdenum (in September). 
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3.3.3 Lower Kemess Creek 

In 2016, water in the lower Kemess Creek mainstem was soft (67.3 to 70.8 mg/L) and low in alkalinity. 

The following variables exceeded the 2010 to 2013 maxima in the lower Kemess Creek mainstem in 2016 

(Table 6): 

 Conductivity, pH, total hardness, alkalinity, dissolved sulphate, dissolved chloride, dissolved 

phosphorus, and dissolved orthophosphate; 

 Total metals including: antimony, barium, calcium, lithium, magnesium, manganese, 

molybdenum, potassium, sodium, strontium, and uranium; and 

 Dissolved metals including: antimony, barium, calcium, lithium, magnesium, manganese, 

molybdenum, potassium, sodium, strontium, and uranium. 

Concentrations of all variables in lower Kemess Creek were below BC or CCME water quality guidelines 

in 2016, with the exception of total manganese which exceeded the BC 30-day average and maximum 

guidelines in October. 
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Table 6 Water quality for North Kemess Creek (WQ-04), South Kemess Creek (WQ-25), and lower Kemess Creek (WQ-01), August to October 2016. 

Analyte Units 
Detection 

Limit 

Guidelinesa 
North Kemess South Kemess Lower Kemess 

EEM-4 (WQ-04) TP-2 (WQ-25) KM-1 (WQ-01) 

B.C. 
Maximum 

B.C.  
30-day 
Avg. 

Federal 
CCME 

8/9/2016 10/3/2016 

Historical Data* 
(2010-2013)  8/9/2016 9/5/2016 10/3/2016 

Historical Data* 
(2010-2013)  8/8/2016 9/5/2016 10/4/2016 

Historical Data* 
(2010-2013)  

n Maximum n Maximum n Maximum 

Conventional Variables                              

Conductivity µS/cm 1.0 - - - 115 110 6 103 344 541 419 8 122 184 198 187 8 123 

pH pH Units - 6.5 - 9.0 - 6.5 - 9.0 7.82 7.64 6 7.81 7.95 8.16 7.94 8 7.79 7.92 7.95 7.7 8 7.89 

Total Suspended Solids mg/L 1.0 25b 5b - < 1.0 < 1.0 6 < 5 < 1.0 < 1.0 1.0 8 1.0 < 1.0 < 1.0 < 1.0 8 1.0 

Total Hardness (CaCO3) mg/L 0.50 - - - 53.8 50.6 6 45.6 113 150 122 8 52 70.8 68.5 67.3 8 54.8 

Turbidity NTU 0.10 8b 2b - 0.25 0.41 6 0.33 0.26 0.50 0.61 8 1.2 0.15 0.21 0.30 8 0.60 

Anions and Nutrients                             

Alkalinity (Total as CaCO3) mg/L 0.50 - - - 41.2 37.4 6 37 79.7 114 86.8 8 47 53.9 53.0 50.3 8 44.4 

Dissolved Sulphate (SO4) mg/L 0.50 - c - 16.2 19.0 6 14 75.3 132 110 8 16.6 32.3 36.1 38.0 8 15.1 

Dissolved Chloride (Cl) mg/L 0.50 600 150 120 1.5 < 0.5 6 0.5 8.7 14 11 8 1.2 3.1 2.6 2.3 8 1.0 

Dissolved Phosphorus (P) mg/L 0.002 - - - 0.003 0.003 6 0.002 0.004 0.006 0.002 8 0.0025 0.002 0.003 < 0.002 8 0.002 

Total Phosphorus (P) mg/L 0.002 - - - 0.003 0.010 5 0.12 0.003 0.026 0.006 8 0.15 < 0.002 < 0.002 0.010 8 0.15 

Total Nitrogen (N) mg/L 0.02 - - - 0.051 0.233 - - 0.127 0.208 0.257 - - 0.071 0.122 0.270 - - 

Nitrate  mg/L 0.002 32.8 3 13 < 0.002 < 0.002 6 0.0049 0.074 0.124 0.120 8 0.028 0.023 0.028 0.025 8 0.0577 

Nitrite mg/L 0.002 d d 0.06 < 0.002 < 0.002 6 0.002 < 0.002 < 0.002 < 0.002 8 0.002 < 0.002 < 0.002 < 0.002 8 0.002 

Ammonia Nitrogen  mg/L 0.005 - - - 0.033 0.180 6 0.073 0.031 0.009 0.043 8 0.03 0.028 0.041 0.025 8 0.059 

Dissolved Orthophosphate (SRP) mg/L 0.001 - - - 0.003 < 0.001 6 0.0025 0.002 0.004 < 0.001 8 0.0014 0.002 0.003 < 0.001 8 0.0016 

Total Metals                             

Aluminum (Al) μg/L 0.5 100e 50e 100 9.9 29.3 6 32 13.8 62.9 36.7 8 60.9 9.63 10.9 22.6 8 38.1 

Antimony (Sb) μg/L 0.02 20 - - 0.03 0.03 6 0.03 0.11 0.21 0.15 8 0.06 0.06 0.06 0.05 8 0.046 

Arsenic (As) μg/L 0.02 5 - 5 0.60 0.66 6 0.85 0.46 0.55 0.55 8 0.34 0.57 0.51 0.52 8 0.59 

Barium (Ba) μg/L 0.02 5000 1000 - 21.4 18.2 6 19.0 22.4 29.6 24.5 8 19.5 21.6 20.4 19.9 8 17.2 

Beryllium (Be) μg/L 0.01 5.3 - - < 0.01 < 0.01 6 0.01 < 0.01 < 0.01 < 0.01 8 0.01 < 0.01 < 0.01 < 0.01 8 0.01 

Bismuth (Bi) μg/L 0.005 - - - < 0.005 < 0.005 6 0.005 < 0.005 < 0.005 < 0.005 8 0.005 < 0.005 < 0.005 < 0.005 8 0.005 

Boron (B) mg/L 0.050 1.2 - 1.5 < 0.050 < 0.050 6 0.05 < 0.050 0.011 < 0.050 8 0.05 < 0.050 < 0.050 < 0.050 8 0.05 

Cadmium (Cd) μg/L 0.005 f - 0.09 0.009 0.009 6 0.014 0.006 0.011 0.008 8 0.01 < 0.005 0.006 0.006 8 0.017 

Calcium (Ca) mg/L 0.050 - - - 19.9 18.8 6 16.8 39.1 53.0 42.8 8 18.1 25.2 24.3 24.0 8 19.2 

Chromium (Cr) μg/L 0.1 1 - 1 < 0.1 < 0.1 6 0.38 0.006 0.011 0.008 8 0.2 0.15 < 0.1 0.12 8 0.7 

Cobalt (Co) μg/L 0.005 110 4 - 0.012 0.016 6 0.028 0.019 0.05 0.026 8 0.041 0.01 0.013 0.019 8 0.03 

Copper (Cu) μg/L 0.05 g h i 0.39 0.43 6 0.63 0.78 1.52 0.81 8 1.87 0.52 0.57 0.64 8 1.18 

Iron (Fe) μg/L 1 1000 - 300 11.2 21.5 6 36.6 18.2 72.2 30.9 8 60 12.2 16.5 21 8 47 

Lead (Pb) μg/L 0.005 j k l 0.006 0.011 6 0.032 0.009 0.075 0.015 8 0.074 0.007 0.005 0.01 8 0.065 

Lithium (Li) μg/L 0.5 870 96 - < 0.5 < 0.5 6 0.5 1.6 2.5 1.9 8 1.0 < 0.5 0.6 0.5 8 0.5 

Magnesium (Mg) mg/L 0.050 - - - 1.01 0.91 6 0.89 3.64 4.20 3.62 8 1.94 1.90 1.88 1.79 8 1.63 

Manganese (Mn) μg/L 0.05 m n - 1.70 2.50 6 3.73 40.40 46.00 29.70 8 6.58 2.35 2.01 3.91 8 2.94 

Molybdenum (Mo) μg/L 0.05 2000 1000 73 1.48 1.47 6 2.46 52.4 96.4 69.3 8 2.49 13.2 16.6 14.4 8 2.44 

Nickel (Ni) μg/L 0.02 o o p 0.11 0.03 6 2.48 0.22 0.23 0.12 8 0.72 0.07 0.08 0.07 8 4.14 
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Table 6 (Cont’d.) 

Analyte Units 
Detection 

Limit 

Guidelinesa 
North Kemess South Kemess Lower Kemess 

EEM-4 (WQ-04) TP-2 (WQ-25) KM-1 (WQ-01) 

B.C. 
Maximum 

B.C.  
30-day 
Avg. 

Federal 
CCME 

8/9/2016 10/3/2016 

Historical Data* 
(2010-2013)  8/9/2016 9/5/2016 10/3/2016 

Historical Data* 
(2010-2013)  8/3/2015 9/22/2015 10/19/2015 

Historical Data* 
(2010-2013)  

n Maximum n Maximum n Maximum 

Potassium (K) mg/L 0.050 - - - 0.11 0.11 6 0.12 0.95 1.83 1.47 8 0.15 0.37 0.43 0.38 8 0.16 

Selenium (Se) μg/L 0.04 - 2 1 0.23 0.26 6 0.26 0.39 0.45 0.43 8 0.29 0.28 0.36 0.34 8 0.57 

Silicon (Si) mg/L 0.10 - - - 3.00 3.03 6 3.13 3.28 3.42 3.41 8 3.37 3.29 3.24 3.24 8 3.30 

Silver (Ag) μg/L 0.005 q r 0.1 < 0.005 < 0.005 6 0.005 < 0.005 0.007 < 0.005 8 0.008 < 0.005 < 0.005 < 0.005 8 0.005 

Sodium (Na) mg/L 0.050 - - - 1.13 1.07 6 1.04 28.7 48.4 36.4 8 3.56 8.36 9.59 8.74 8 1.9 

Strontium (Sr) μg/L 0.05 - - - 46.7 46.6 6 41.7 259 401 330 8 88.3 112 113 105 8 55.2 

Thallium (Tl) μg/L 0.002 0.3 - 0.8 < 0.002 < 0.002 6 0.002 < 0.002 0.004 < 0.002 8 0.002 < 0.002 < 0.002 < 0.002 8 0.002 

Tin (Sn) μg/L 0.2 - - - < 0.2 < 0.2 6 0.2 < 0.2 < 0.2 < 0.2 8 1.86 < 0.2 < 0.2 < 0.2 8 0.2 

Titanium (Ti) μg/L 0.5 - - - < 0.5 < 0.5 6 0.5 < 0.5 1.1 0.8 8 0.8 < 0.5 < 0.5 < 0.5 8 0.6 

Uranium (U) μg/L 0.002 300 - 15 0.120 0.151 6 0.124 0.862 1.200 0.903 8 0.169 0.255 0.285 0.288 8 0.113 

Vanadium (V) μg/L 0.2 - - - 0.4 0.3 6 0.4 0.5 0.7 0.6 8 0.5 0.4 0.4 0.3 8 0.4 

Zinc (Zn) μg/L 0.1 s t 30 0.4 1.2 6 0.4 0.8 1.5 1.0 8 1.8 0.3 0.3 1.0 8 1.8 

Dissolved Metalsu 0 

Aluminum (Al) μg/L 0.5 100e 50e 100 3.6 4.3 6 11.4 4.0 3.9 4.6 8 25.7 3.7 5.1 5.7 8 15.2 

Antimony (Sb) μg/L 0.02 20 - - 0.030 0.027 6 0.036 0.109 0.206 0.151 8 0.050 0.063 0.058 0.054 8 0.043 

Arsenic (As) μg/L 0.02 5 - 5 0.6 0.6 6 0.8 0.40 0.60 0.55 8 0.32 0.53 0.47 0.53 8 0.59 

Barium (Ba) μg/L 0.02 5000 1000 - 21.2 19.0 6 18.4 22.5 30.6 25.6 8 18.2 22 21.1 20.4 8 16.2 

Beryllium (Be) μg/L 0.01 5.3 - - < 0.01 < 0.01 6 0.02 < 0.01 < 0.01 < 0.01 8 0.01 < 0.01 < 0.01 < 0.01 8 0.01 

Bismuth (Bi) μg/L 0.005 - - - < 0.005 < 0.005 6 0.005 < 0.005 < 0.005 < 0.005 8 0.005 < 0.005 < 0.005 < 0.005 8 0.005 

Boron (B) mg/L 0.05 1.2 - 1.5 < 0.05 < 0.05 6 0.05 < 0.05 0.01 < 0.05 8 0.05 < 0.05 < 0.05 < 0.05 8 0.05 

Cadmium (Cd) μg/L 0.005 f - f 0.008 < 0.005 6 0.021 < 0.005 < 0.005 < 0.005 8 0.015 < 0.005 < 0.005 < 0.005 8 0.007 

Calcium (Ca) mg/L 0.050 - - - 21.2 19.7 6 17.2 38.7 57.5 46.2 8 17.4 27.0 25.5 25.1 8 20.5 

Chromium (Cr) μg/L 0.1 1 - 1 < 0.1 < 0.1 6 0.1 < 0.1 < 0.1 < 0.1 8 0.12 < 0.1 < 0.1 0.1 8 0.2 

Cobalt (Co) μg/L 0.005 110 4 - 0.01 0.008 6 0.026 0.011 0.007 0.010 8 0.016 0.007 0.008 0.008 8 0.013 

Copper (Cu) μg/L 0.05 g h i 0.36 0.37 6 0.57 0.63 0.64 0.63 8 0.68 0.52 0.52 0.55 8 0.75 

Iron (Fe) μg/L 1 350v - 300 5.8 3.8 6 8.0 2.6 1.4 2.9 8 23 4.6 5.5 5.8 8 14 

Lead (Pb) μg/L 0.005 j k l < 0.005 < 0.005 6 0.034 < 0.005 < 0.005 < 0.005 8 0.012 < 0.005 < 0.005 < 0.005 8 0.014 

Lithium (Li) μg/L 0.5 870 96 - < 0.5 < 0.5 6 0.5 1.1 2.8 1.5 8 0.9 < 0.5 0.9 0.6 8 0.5 

Magnesium (Mg) mg/L 0.050 - - - 0.99 0.95 6 0.91 3.67 4.44 3.85 8 1.90 2.04 1.96 1.92 8 1.69 

Manganese (Mn) μg/L 0.05 m n - 1.03 0.83 6 1.93 32.50 0.12 16.80 8 3.96 0.85 0.05 1.52 8 1.00 

Molybdenum (Mo) μg/L 0.05 2000 1000 73 1.49 1.53 6 1.45 50.50 94.10 73.60 8 2.77 13.50 16.50 15.30 8 1.63 

Nickel (Ni) μg/L 0.02 o o p 0.02 0.03 6 0.07 0.208 0.135 0.131 8 0.258 0.066 0.100 0.081 8 0.15 

Potassium (K) mg/L 0.050 - - - 0.117 0.109 6 0.122 0.988 1.97 1.58 8 0.172 0.400 0.438 0.402 8 0.16 

Selenium (Se) μg/L 0.04 - 2 1 0.22 0.25 6 0.25 0.36 0.38 0.39 8 0.28 0.29 0.32 0.31 8 0.431 

Silicon (Si) mg/L 0.10 - - - 2.91 2.67 6 3.27 3.21 3.45 3.04 8 3.20 3.13 3.11 2.84 8 3.66 

Silver (Ag) μg/L 0.005 q r 0.1 < 0.005 < 0.005 6 0.005 < 0.005 < 0.005 < 0.005 8 0.005 < 0.005 < 0.005 < 0.005 8 0.005 

Sodium (Na) mg/L 0.050 - - - 1.16 1.08 6 1.06 28.20 49.00 40.20 8 3.53 9.06 9.83 9.46 8 2.23 
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Table 6 (Cont’d.) 

Analyte Units 
Detection 

Limit 

Guidelinesa 
North Kemess South Kemess Lower Kemess 

EEM-4 (WQ-04) TP-2 (WQ-25) KM-1 (WQ-01) 

B.C. 
Maximum 

B.C.  
30-day 
Avg. 

Federal 
CCME 

8/9/2016 10/3/2016 

Historical Data* 
(2010-2013)  8/9/2016 9/5/2016 10/3/2016 

Historical Data* 
(2010-2013)  8/3/2015 9/22/2015 10/19/2015 

Historical Data* 
(2010-2013)  

n Maximum n Maximum n Maximum 

Strontium (Sr) μg/L 0.05 - - - 46.6 43.3 6 42.2 268 449 322 8 84.9 110 116 103 8 55 

Thallium (Tl) μg/L 0.002 0.3 - 0.8 < 0.002 < 0.002 6 0.002 0.002 0.004 0.004 8 0.002 < 0.002 < 0.002 < 0.002 8 0.002 

Tin (Sn) μg/L 0.2 - - - < 0.2 < 0.2 6 0.42 < 0.2 < 0.2 < 0.2 8 0.2 < 0.2 < 0.2 < 0.2 8 0.2 

Titanium (Ti) μg/L 0.5 - - - < 0.5 < 0.5 6 0.5 < 0.5 < 0.5 < 0.5 8 0.6 < 0.5 < 0.5 < 0.5 8 0.5 

Uranium (U) μg/L 0.002 300 - 15 0.105 0.127 6 0.123 0.83 1.25 0.978 8 0.169 0.251 0.265 0.309 8 0.108 

Vanadium (V) μg/L 0.2 - - - 0.4 0.3 6 0.5 0.45 0.58 0.57 8 0.85 0.42 0.36 0.32 8 0.53 

Zinc (Zn) μg/L 0.1 s t 30 0.6 0.6 6 0.5 0.6 0.3 0.6 8 1.1 0.3 0.3 0.2 8 0.6 

                

 
Bold values exceed one or more guidelines. Underlined values exceed the historical (2010 to 2013) maximum value.  

*Historical maximum values are calculated using data from August to October for 2010 to 2012, and from August only for 2013 (i.e., prior to discharge from the Tailings Sediment Pond). 

ns=not sampled 
a B.C. guidelines are approved or working guidelines (BC MOE 2015). CCME guidelines from CCME (2015). 
b Increase from background, in clear/clean waters (turbidity guidelines BC MOE 2015). 
c Guideline is hardness dependent: 128 at hardness of 0-30 mg/L; 218 at hardness of 31-75 mg/L; 309 at hardness of 76-180 mg/L; and 429 at hardness of 181-250 mg/L. 
d Guideline is chloride dependent. 
e Guideline is for dissolved Al at pH>=6.5. At pH<6.5, guidelines are e^(1.209-2.426*pH+0.286*pH2) (maximum concentration) and e^(1.6-3.327*median pH+0.402*pH2). 
f Guideline = 10^ (0.736*ln(hardness)-4.943) 
g Guideline = 0.094*(hardness)+2 
h Guideline = 0.04*(hardness), or 2 if CaCO3 is less than or equal to 50. 
i Guideline is =(e^0.8545(ln[hardness]-1.465))*0.2. Minimum value is 0.2 µg/L. 
j Guideline = e^(1.273*ln(hardness)-1.460), or 3 if hardness is below 8 mg/L 
k Guideline = 3.31 + e^(1.273*ln(hardness)-1.460) 
l Guideline = e^(1.273*ln(hardness)-4.705), or 1 if the hardness is not known 
m Guideline = 0.01102*(hardness)+0.54. 
n Guideline = 0.0044*(hardness)+0.605. 
o Guideline = 25 at [CaCO3]=0 to 60 mg/L; 65 at [CaCO3]=60 to 120 mg/L; 110 at [CaCO3]=120 to 180 mg/L; 150 at [CaCO3]>180 mg/L. 
p Guideline = e^(0.76 (ln(hardness)) +1.06) 
q Guideline = 0.1 at [CaCO3]< 100 mg/L, 3 at [CaCO3] > 100 
r Guideline = 0.05 at [CaCO3] < 100 mg/L, 1.5 at [CaCO3] > 100 
s Guideline is 0.033 at hardness<=90 mg/L. Guideline = 33+0.75*(hardness-90). 
t Guideline is 0.0075 at hardness<=90 mg/L. Guideline = 7.5+0.75*(hardness-90). 
u Guidelines are for total metals unless otherwise specified. 
v Guideline is for dissolved iron (BC MOE 2015). 
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3.4 RELATIONSHIPS AMONG VARIABLES 

Correlation analysis was performed on biological data from North Kemess, South Kemess, and lower 

Kemess creeks to identify any pairwise relationships that may exist between measured variables. 

Relationships were investigated using short-term (2011 to 2016) and long-term (1994 to 2016) data to 

help better understand conditions within the creek. 

3.4.1 Correlations in Short-term Data (2011 to 2016) 

Periphyton and benthic invertebrate community metrics from South Kemess Creek were compared in 

pairs to determine if any correlations exist within the data. The Spearman’s rank correlation coefficients 

shown in Table 7 were determined using values from all mainstem South Kemess Creek stations 

(i.e., TP-1 to TP-4) between 2011 and 2016. A moderate positive correlation between benthic community 

diversity and evenness was observed from 2011 to 2016 (Table 7).  

Table 7 Spearman’s rank correlation coefficients for benthos and periphyton data for 
South Kemess Creek mainstem stations, 2011 to 2016. 

  
Periphyton 

biomass 
Periphyton 
richness 

Benthos 
density 

Benthos 
richness 

Benthos 
diversity 

Periphyton biomass - - - - - 

Periphyton richness 0.111 - - - - 

Benthos density -0.089 0.223 - - - 

Benthos richness -0.040 -0.098 0.048 - - 

Benthos diversity 0.035 0.333 -0.307 0.191 - 

Benthos evenness -0.092 0.048 -0.216 -0.360 0.632 

 
0.5-0.75 Moderate correlation >0.75 Strong correlation 

3.4.2 Correlations in Long-term Data (1994 to 2016) 

Historical data have been collected over multiple years at North, South, and lower Kemess creeks for 

periphyton (1999 to 2016), and benthic invertebrates (2003 to 2016). Data at each long-term station were 

assessed using a Spearman’s rank correlation analysis to determine if relationships existed between 

variables. Results of this analysis appear in (Table 8). 

In North Kemess Creek, moderate positive correlations were observed between benthic community evenness 

and benthic community diversity, and year and benthic community diversity. A moderate negative correlation 

was observed between benthic invertebrate density and evenness.  

In South Kemess Creek, a moderate positive correlation was observed between periphyton biomass and 

year. A moderate negative correlation was observed between benthic invertebrate density and year. This 

suggests an increase in periphyton and a decrease in benthic invertebrates over time. 

In Lower Kemess Creek, a moderate positive correlation was observed between benthic community 

diversity and evenness. A moderate negative correlation was observed between benthic community 

diversity and density. A strong negative correlation was observed between benthic community evenness 

and density. 
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Table 8 Spearman’s rank correlation coefficients, South Kemess, North Kemess and 
lower Kemess Creeks, 1994 to 2016. 

 

Periphyton 
biomass 

Periphyton 
richness 

Benthos 
density 

Benthos 
richness 

Benthos 
diversity 

Benthos 
evenness 

North Kemess Creek 

Periphyton biomass - - - - - - 

Periphyton richness 0.337 - - - - - 

Benthos density 0.477 0.347 - - - - 

Benthos richness -0.193 -0.178 0.153 - - - 

Benthos diversity -0.011 -0.100 -0.376 0.248 - - 

Benthos evenness 0.002 0.144 -0.609 -0.483 0.525 - 

Year -0.125 -0.111 -0.393 0.363 0.692 0.350 

South Kemess Creek 

Periphyton biomass - - - - - - 

Periphyton richness 0.114 - - - - - 

Benthos density -0.293 0.122 - - - - 

Benthos richness 0.124 0.134 -0.225 - - - 

Benthos diversity -0.002 0.175 -0.455 0.240 - - 

Benthos evenness -0.352 -0.206 -0.156 -0.368 0.398 - 

Year 0.715 -0.200 -0.569 0.119 0.297 0.033 

Lower Kemess Creek 

Periphyton biomass - - - - - - 

Periphyton richness 0.035 - - - - - 

Benthos density -0.020 0.040 - - - - 

Benthos richness -0.038 -0.171 0.266 - - - 

Benthos diversity -0.020 0.184 -0.653 -0.020 - - 

Benthos evenness -0.336 0.082 -0.785 -0.270 0.662 - 

Year 0.154 -0.370 -0.437 0.109 0.442 0.284 

 
0.5-0.75 Moderate correlation >0.75 Strong correlation 
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4.0 CONCLUSIONS 

Biological communities, especially benthos and periphyton in South Kemess Creek, North Kemess Creek, 

and the lower Kemess Creek mainstem have shown considerable variability among locations and over 

time since monitoring began in the 1990s, although substantial increases in periphyton biomass have 

occurred in South Kemess Creek and the Kemess Creek mainstem since baseline data were first 

collected in these creeks in the early 1990s. These changes since the 1990’s have been driven nearly 

entirely by a large increase in abundance of the diatom didymo (Didymosphenia geminate), with its 

presence in the creeks causing an order of magnitude increase in standing periphyton biomass 

(as chlorophyll a). D. geminate cells produce massive quantities of extracellular stalk materials, leading to 

the formation of thick mats along the bottoms of rivers, which contribute to high periphyton biomass. Mat 

forming stocks are devoid of chlorophyll a, typically leading to underestimations of periphyton biomass 

using chlorophyll a as a measurement. 

In 2016, periphyton biomass was within the range of measured values at all locations, relative to recent 

years (i.e., 2011 to 2015) and within the range of historical observations (1999 to 2015) in lower Kemess 

Creek (KM-1), North Kemess Creek (EEM-4), and South Kemess Creek (TP-1). D. geminata was 

predominant in periphyton collected from South Kemess Creek station TP-1, but was not as prevalent 

(only considered common) at other stations. In 2016, periphyton richness in North and South Kemess 

creeks was lower than 2015, but within the recent historical range (2011 to 2015) at all stations, with the 

exception of lower Kemess, which reach a historical maxima in 2016. Overall, periphyton richness in 2016 

was slightly lower than the long-term average (1999 to 2015) for both North and South Kemess creeks, 

but was slightly above the long-term average at lower Kemess Creek.  

Densities of benthic communities have shown considerable variability within and amongst sampling 

locations and years. Total density of benthic invertebrates was lower at all stations in 2016 compared to 

2015, with the exception of South Kemess Creek stations TP-1, and was lower than the historical data 

(2011 to 2015) at all stations except TP-4 and TP-5 . In 2016, total taxa richness was below the range of 

historical data at all stations, with the exception of lower Kemess (KM-1), which was within the historical 

range but still relatively low compared with previous years. Overall, taxa richness and density of benthic 

invertebrates seems to be reducing over time, particularly since 2013. This decline is not easily linked to 

the indirect releases from the tailing sediment pond to the creek, as species demonstrating both low and 

high tolerances to pollution seem to be disappearing from both North (reference) and South Kemess 

Creeks. Simpson’s diversity in 2016 was generally within the range of previously measured results, with 

the exception of TP-3 and TP-1 stations in South Kemess, where historical minimum values were 

obtained in. Evenness in 2016 was higher at all stations compared to 2015, with the exception of South 

Kemess station TP-3. Unlike the other benthic metrics, evenness was very high in 2016 at many stations, 

exceeding historical ranges. 

Concentrations of several dissolved ions in waters of North, South and lower Kemess creeks increased in 

2016 relative to previous years. In addition, concentrations of several ions, and total and dissolved metals 

exceeded previously-measured maxima in all creeks; however, all of these variables were below BC or 

CCME water quality guidelines in 2016, with the exception of manganese and molybdenum during a few 

sampling events. Higher water temperatures were observed during winter incubation in South Kemess 
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Creek, which may accelerate bull trout fry development and could lead to poor survival in South Kemess 

Creek (Bustard 2017); however, further monitoring is necessary to confirm any such effect. 

Similar to previous years, correlation analysis between biological variables measured in this program 

found some moderate correlations. Among South Kemess Creek mainstem stations sampled from 2011 

to 2016, a moderate, positive correlation between benthic community diversity and benthic evenness was 

found. Assessment of longer-term (1994 to 2016) datasets did not find the same moderate positive 

correlation in South Kemess Creek, but did indicate a strong correlation between benthic diversity and 

evenness in lower Kemess Creek. 

Although some water quality changes have occurred in South Kemess Creek since 2014, benthic 

invertebrate communities in the creek were dominated by pollution-sensitive EPT taxa (i.e., mayflies, 

stoneflies, and caddisflies), and periphyton community richness and abundance remained relatively high. 

Fisheries surveys conducted within the Kemess watershed indicated char fry densities in South Kemess 

Creek were similar to historical levels, following two years of poor recruitment (Bustard 2017). 
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Plate A1.1 EEM-4 North Kemess Creek.

A. Cross-channel view

B. Upstream view
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Photographs of Stations



Plate A1.2 TP-2 South Kemess Creek.

A. Upstream view

B. Cross-channel view
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Photographs of Stations



Plate A1.3 TP-5 South Kemess Creek side channel.

A. Downstream view

B. Upstream view
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Photographs of Stations



Plate A1.4 TP-4 South Kemess Creek.

A. Upstream view

B. Cross-channel view
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Photographs of Stations



Plate A1.5 TP-3 South Kemess Creek.

A. Upstream view

B. Downstream view
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Photographs of Stations



Plate A1.6 TP-1 South Kemess Creek.

A. Upstream view

B. Downstream view
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Photographs of Stations



Plate A1.7 KM-1 Lower Kemess Creek.

A. Downstream view

B. Upstream view

Appendix A1 A1-7 Hatfield
Photographs of Stations
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Appendix A2  A2-1  Hatfield 
Benthic Invertebrate Data 

Table A2.1 Raw benthic invertebrate counts for stations in Kemess Creek, September 2016. 

Location North Kemess Creek South Kemess Creek Lower Kemess Creek 

Station NK-1 TP-1 TP-2 TP-3 TP-4 TP-5 KM-1 

Sample Collection Date: 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 17-Sep-16 

Replicate 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Phylum: Arthropoda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Subphylum: Hexapoda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

  Class: Insecta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   Order: Ephemeroptera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

    Family: Ameletidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ameletus 13 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

    Family: Baetidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Baetis 20 27 15 152 150 162 111 166 139 141 147 236 191 157 79 35 55 28 32 21 46 

Baetis tricaudatus group 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Baetis bicaudatus 0 0 0 1 9 12 13 14 10 10 24 19 20 8 7 6 8 3 0 3 7 

    Family: Ephemerellidae 24 11 6 22 20 13 9 7 6 14 10 4 5 1 5 6 8 24 24 7 11 

Drunella doddsii 0 3 3 1 2 0 0 4 2 1 0 3 0 1 3 3 2 10 0 1 0 

Ephemerella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

    Family: Heptageniidae 64 30 33 40 39 45 8 11 7 35 41 41 23 31 19 1 11 13 24 1 9 

Cinygmula 0 0 0 0 0 0 1 1 1 0 1 0 0 1 0 0 0 0 2 1 2 

Epeorus 0 1 2 1 1 0 14 4 3 0 6 3 0 2 11 0 3 0 2 3 0 

Rhithrogena 12 30 36 15 12 21 0 0 0 8 5 10 5 6 13 1 0 0 11 7 9 

   Order: Plecoptera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

    Family: Capniidae 18 11 10 4 7 3 0 0 0 2 2 2 2 12 0 1 2 1 13 2 16 

    Family: Chloroperlidae 9 5 11 9 12 24 1 1 1 29 22 4 3 12 5 1 2 0 1 2 2 

Haploperla 1 5 1 8 6 15 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Suwallia 12 9 3 2 20 17 0 0 0 22 8 5 1 11 6 0 0 0 0 0 0 

Sweltsa 5 4 9 1 6 2 1 1 0 13 14 3 2 4 3 0 6 11 9 4 6 

    Family: Leuctridae 11 18 10 2 7 3 2 0 1 10 3 0 0 4 1 0 0 2 5 0 10 

    Family: Nemouridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Visoka cataractae 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Zapada 9 11 2 9 7 2 27 17 20 7 17 11 5 2 7 36 63 62 8 7 34 

Zapada oregonensis group 5 8 5 6 2 1 6 2 12 0 3 4 5 5 5 14 14 10 0 0 0 

Zapada cinctipes 0 1 2 1 0 1 1 3 1 0 2 1 3 2 3 10 40 50 0 0 13 

Zapada columbiana 0 2 9 1 3 2 8 4 11 0 2 4 1 3 11 0 3 2 1 0 1 

    Family: Perlodidae 0 4 1 6 2 0 1 0 0 2 2 3 1 1 0 2 7 5 1 0 1 

Megarcys 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

    Family: Taeniopterygidae 7 23 39 3 8 3 7 3 4 0 9 4 8 5 4 12 21 10 4 5 23 



Appendix A2  A2-3  Hatfield 
Benthic Invertebrate Data 

Table A2.1 (Cont’d.) 

Location North Kemess Creek South Kemess Creek Lower Kemess Creek 

Station NK-1 TP-1 TP-2 TP-3 TP-4 TP-5 KM-1 

Sample Collection Date: 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 17-Sep-16 

Replicate 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

   Order: Trichoptera 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

    Family: Apataniidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Apatania 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 

    Family: Brachycentridae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brachycentrus americanus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Micrasema 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

    Family: Glossosomatidae 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Glossosoma 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 

    Family: Hydropsychidae 0 1 7 0 0 0 9 5 12 2 7 3 5 3 8 2 4 2 0 0 0 

Parapsyche 0 7 12 0 1 2 18 5 8 0 8 6 9 3 5 4 3 0 0 0 6 

    Family: Limnephilidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 1 

Ecclisomyia 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

    Family: Rhyacophilidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhyacophila 0 3 1 2 1 2 4 1 3 4 0 2 0 0 4 0 0 0 0 1 2 

Rhyacophila betteni group 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 2 5 0 1 1 

Rhyacophila hyalinata group 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 0 2 

Rhyacophila vofixa group 0 1 0 0 0 0 3 1 6 0 1 1 0 0 0 0 0 1 0 0 0 

Rhyacophila atrata complex 6 2 3 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 2 0 3 

Rhyacophila narvae 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

    Family: Uenoidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Neothremma 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Oligophlebodes 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 7 6 2 0 0 0 

   Order: Diptera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

    Family: Ceratopogonidae 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dasyhelea 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mallochohelea 6 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 2 0 1 1 1 

    Family: Chironomidae 72 27 37 48 32 13 76 99 70 31 30 31 36 44 88 12 58 74 8 8 32 

    Family: Empididae 0 0 0 0 0 0 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

Chelifera/ Metachela 0 3 0 0 0 0 1 0 1 0 0 0 0 1 0 3 3 1 0 0 0 

Neoplasta 1 0 2 0 1 0 0 0 0 1 0 0 0 0 0 0 1 2 0 0 0 

Oreogeton 0 0 1 0 1 0 2 0 0 1 2 0 1 1 0 0 0 0 0 0 1 

    Family: Psychodidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pericoma/Telmatoscopus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

    Family: Simuliidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Benthic Invertebrate Data 

Table A2.1 (Cont’d.) 

Location North Kemess Creek South Kemess Creek Lower Kemess Creek 

Station NK-1 TP-1 KM-1 TP-3 TP-4 TP-5 KM-1 

Sample Collection Date: 15-Sep-16 15-Sep-16 17-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 17-Sep-16 

Replicate 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Helodon 0 0 0 0 0 0 3 0 0 0 0 0 1 0 2 2 0 0 0 0 2 

Simulium 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 

    Family: Tipulidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dicranota 0 0 1 0 1 0 0 1 2 1 2 0 0 2 3 5 3 6 0 0 0 

Hexatoma 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 

Subphylum: Chelicerata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

  Class: Arachnida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   Order: Trombidiformes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

    Family: Hygrobatidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Atractides 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Hygrobates 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

    Family: Lebertiidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lebertia 3 0 0 1 0 0 0 7 0 0 0 0 0 0 0 1 1 1 0 0 0 

    Family: Sperchontidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sperchon 5 7 1 1 3 3 0 2 1 2 0 1 1 1 1 2 11 17 0 0 1 

Phylum: Annelida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Subphylum: Clitellata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

  Class: Oligochaeta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   Order: Tubificida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

    Family: Enchytraeidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mesenchytraeus 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

    Family: Naididae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Totals: 308 258 266 338 355 352 329 360 324 337 369 404 329 325 295 170 343 344 153 78 247 

 



Appendix A2  A2-7  Hatfield 
Benthic Invertebrate Data 

Table A2.2 Presence absence data for benthic community families in North Kemess, South Kemess, and lower Kemess Creeks, 2011 to 2016. 

North Kemess (EEM-4) South Kemess (TP-2) South Kemess (TP-5, SC) South Kemess (TP-4) South Kemess (TP-3) South Kemess (TP-1) lower Kemess Creek (KM-1) 

2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016
Ephemeroptera (Mayflies)                 
   Ameletidae ● ● ● ● ● ● ● ● ● ● ● ○ ● ● ● ● ● ○ ● ● ● ● ● ○ ● ● ● ○ ○ ○ ● ● ● ● ○ ○ ● ● ● ● ● ● 
   Baetidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Ephemerellidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Heptageniidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
Unidentified ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
Plecoptera (Stoneflies)                 
   Capniidae ● ● ● ● ● ● ● ● ● ● ○ ○ ● ● ● ● ● ● ● ● ○ ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Chloroperlidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Leuctridae ● ● ● ● ● ● ● ○ ○ ● ○ ● ● ● ● ● ○ ● ○ ○ ● ● ● ● ● ● ○ ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Nemouridae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Perlidae ○ ○ ○ ● ○ ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ 
   Perlodidae ● ● ● ● ● ● ● ● ○ ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Taeniopterygidae ● ● ● ○ ● ● ○ ○ ● ○ ● ● ○ ● ● ○ ● ● ○ ○ ○ ○ ● ● ○ ● ● ○ ● ● ○ ● ○ ○ ● ● ● ● ● ○ ● ● 
Unidentified ● ● ○ ● ○ ○ ● ○ ● ● ○ ○ ● ● ● ● ○ ○ ● ● ● ● ○ ○ ● ● ● ● ○ ○ ● ● ● ● ○ ○ ● ● ● ● ○ ○ 
Trichoptera (Caddisflies)                 
   Apataniidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● 
   Brachycentridae ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ● 
   Glossosomatidae ○ ○ ● ● ● ● ○ ○ ○ ○ ● ○ ○ ● ○ ○ ● ● ○ ○ ○ ○ ● ○ ○ ● ○ ○ ● ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ● ● 
   Hydropsychidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Lepidostomatidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Limnephilidae ○ ● ● ○ ○ ○ ● ● ● ● ○ ○ ● ● ● ● ● ● ● ● ● ● ○ ○ ○ ● ○ ○ ○ ● ● ● ○ ○ ● ○ ○ ○ ○ ○ ○ ● 
   Molannide ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Philopotamidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Rhyacophilidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Uenoidae ○ ○ ● ○ ● ○ ○ ● ● ○ ● ○ ○ ● ● ○ ● ● ○ ● ● ○ ● ● ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ● ○ ○ ● ○ ○ ○ 
   Unidentified ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ● ○ ○ 
Diptera (True flies)                 
   Ceratopogonidae ● ● ● ● ● ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ● ○ ● ● ● ● ● ● ● ● ● 
   Chironomidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Deuterophlebiidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ 
   Empididae ○ ○ ● ● ● ● ● ● ● ○ ● ● ○ ● ○ ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ○ ● ● ● ● ● 
   Muscidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Oreoleptidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 
   Psychodidae ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ 
   Simuliidae ● ○ ○ ○ ● ○ ○ ○ ○ ○ ● ● ○ ● ● ● ● ● ○ ○ ○ ● ○ ● ● ○ ○ ● ● ○ ○ ○ ○ ○ ○ ○ ○ ● ● ● ● ● 
   Tipulidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ○ ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Unidentified ○ ○ ● ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ● ○ ○ ● ○ ● ○ ○ ○ ○ ○ 
Coleoptera (Beetle)                                                                                     
   Dytiscidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Elmidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
Hydracarina (Water mites)                 
   Aturidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ● ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Feltriidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Hydryphantidae ○ ● ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ● ● ○ ○ ○ 
   Hydrozetidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Hygrobatidae ○ ● ● ● ● ● ● ○ ○ ○ ○ ○ ● ○ ● ○ ● ● ● ○ ● ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ● ○ 
   Lebertiidae ○ ○ ○ ● ● ● ● ● ● ○ ● ● ● ● ● ● ● ● ● ● ● ● ○ ○ ○ ● ○ ● ○ ○ ○ ● ● ● ● ● ● ● ● ● ● ○ 
   Limnocharidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Mideopsidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Prostigmata ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Sperchontidae ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 
   Stygothrombiidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ 
   Torrenticolidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ 
Unidentified ○ ● ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ 
Oligochaeta (Segmented worms)                                                                                     
   Enchytraeidae  ○ ● ● ● ○ ● ● ● ○ ○ ○ ○ ○ ○ ● ● ○ ○ ○ ● ○ ○ ○ ○ ● ○ ● ● ○ ○ ● ● ○ ● ○ ○ ○ ● ○ ○ ○ ○ 
   Lumbriculidae ● ● ● ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ● ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
   Naididae ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ● ○ ● ● ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ 
Unidentified ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ● ○ 
Gastropoda (Snails)                                                                                     
   Hydrobiidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
Bivalva (Clams)                 
   Sphaeriidae ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ● ○ ○ ○ ○ 

● filled dots indicate the presence of a benthic family; ○ outlined circles indicate the absence of a benthic family 



 

 

 

Appendix A3 
  

Periphyton Community Data 
 



Appendix A3 A3-1 Hatfield 
Chlorophyll a Concentrations 

Table A3.1 Chlorophyll a (µg/cm2) replicate concentrations in periphyton samples, 
September 2016. 

Site EEM-4 TP-2 TP-5 TP-4 TP-3 TP-1 KM-1 

Date 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 15-Sep-16 17-Sep-16 

Chlorophyll a (µg/cm2)  

Rep 1 0.132 0.625 1.160 1.575 5.600 0.027 2.195 

Rep 2 0.968 4.750 1.995 24.90 13.15 0.022 0.046 

Rep 3 0.735 1.265 7.600 0.995 14.45 24.6 0.239 

Rep 4 0.241 4.200 0.076 30.00 3.825 7.675 1.173 

Rep 5 0.059 0.390 0.428 9.375 0.084 2.170 0.045 

Average 0.427 2.246 2.252 13.369 7.422 6.889 0.740 

Standard 
Deviation 

0.401 2.069 3.079 13.395 6.171 10.357 0.938 
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