
Carrie Strangway, Michelle F. Bowman, and Andrea E. Kirkwood
University of Ontario Institute of Technology

Abstract

The Vermilion River and major tributaries (VRMT) receive various point and non-point inputs, in addition to several flow 
regulation features, along their continuum. Further development in the Vermilion watershed has been proposed, 
raising concerns about cumulative impacts to the ecological health of the VRMT. To assess the current state of riverine 
health, water quality metrics were monitored monthly at twenty-eight sites during the ice-free period of 2013 and 
2014. Generation of landscape-scale data revealed a broad range of land-cover and road density in the watershed at 
differing landscape-scales. Sites on the main-stem of the Junction tributary had above average concentrations for the 
majority of water quality parameters measured, specifically, sites within Copper Cliff Creek and Junction Creek (i.e. CC-
12 and JUN-13) were the most impacted. The river network pathway (i.e. asymmetric eigenvector map (AEM) 
eigenfunctions) and topographical features (i.e. catchment land-use) explained most of the variation in water quality 
(62.2%), thus both proved to be useful spatial determinates of deteriorating water quality. 

Introduction

Due to the numerous point and non-point sources in the surrounding landscape, in conjunction with other stressors 
acting upon aquatic systems (e.g. modified flow regimes and legacy mining activities), monitoring the water quality of 
aquatic systems such as the VRMT has become a challenging task.

To obtain a better understanding of how water quality has been impacted in the VRMT, the complex interactions 
between various spatial pathways, stressors, and water quality parameters must be considered (Figure 1).

The following objectives were established: 

1. Construct spatial-pathways (i.e. geographical, topographical, and river network pathways).

2. Characterize the surrounding landscape (i.e. point sources, non-point sources, flow regulation features, 
and legacy mining activities).

3. Evaluate the water quality and identify sites where water quality has deteriorated.

4. Determine the relationships between spatial pathways and water quality. 
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Results: Characterizing the surrounding landscape

Results: Evaluating water quality

Results: Relationships between spatial pathways and water quality

Conclusions

• The main types of stressors were identified, these include: point sources, non-point sources, flow 
regulation features, and legacy mining activities.

• Sites on the main-stem of the Junction tributary had above average concentrations for the majority of water 
quality parameters measured, specifically, sites within Copper Cliff Creek and Junction Creek (i.e. CC-12 and JUN-
13) were the most impacted.

• Numerous guidelines and objectives (i.e. RCWQG, CWQG, and PWQO) were surpassed for a variety 
of water quality parameters including nutrients, metals and coliform bacteria. 

• The geographical pathway was able to explain 14.2% of the variation in water quality, however, its 
unique contribution was insignificant (p=0.455) and explained 0%. This result was expected as the 
VRMT have a low retention and high flow-through rate, thus past smelter emissions are likely acting 
through another spatial-pathway.

• Two spatial-pathways (i.e. river network pathway and topographical pathway) proved to be useful 
spatial determinates of deteriorated water quality.

Although advances in wastewater technologies have increased contaminant removal from treated 
effluent, our results highlighted that treated effluent exiting these municipal and industrial facilities 
remains a primary point source impacting the VRMT. It is apparent that cumulative impacts from 
upstream inputs, in conjunction with land-use in surrounding landscape, should be considered before 
further development occurs in the Vermilion watershed.

Methods: Constructing spatial pathways

The geographical pathway reflects the potential influence that legacy mining activities have on water 
quality. The topographical pathway primarily represents the influence non-point sources have on water 
quality, however, point-sources associated with non-point sources are likely detected through this 
pathway as well. The river network pathway represents the cumulative stress from multiple sources.
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The twenty-eight sites that were 
monitored along with the main 
VRMT stressors are shown in 
Figure 3.

To summarize, there are: 

Point Sources
• 8 MWWT’s
• 1 municipal sewage lagoon
• 3 IWWTF’s

Non-point Sources
• development
• roadways
• agriculture
• deforestation
• barren land
• wetlands

Flow Regulation Features
• 1 run-of-river hydroelectric 

dam
• numerous control dams

Legacy Mining Activities
• 3 smelters
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Figure 1 Spatial configurations and their predicted association with main VRMT stressors, along with the predicted influence these 
stressors have on the water quality.

Figure 2 The geographical pathway was constructed by calculating distances between each site and each smelter; the topographic 
pathways were constructed by creating a buffer (5km-radius), delineating a catchment, and creating reaches (1km, 2km, and 3km) for each 
site; the river network pathway was constructed by creating a asymmetric eigenvector map (AEM) and calculating spatial eigenfunctions.

Figure 3 Location of the twenty-eight sites that were monitored during 2013-2014 and land-
cover, point sources, and flow regulation features of the VRMT study area.

Figure 4 Principal component analysis (PCA) performed on centered-scaled log(x+1) transformed land-cover percent (excluding water) and 
road density for sites at all landscape-scales (scaling 2). (a) Symbols represent site numbers. (b) Symbols represent site location, whether 
they were located on the main-stem river system (V), Onaping tributary (O), Whitson tributary (W), Levey tributary (L), Junction tributary (J), 
or Fairbank tributary (F). (c) Symbols represent spatial-scales, whether land-use represents 5km buffers (B), catchments (C), 1km (1R), 2km 
(2R), or 3km (3R) reaches. The first and second PCA axes explain 60.00% of the total variation. 

Figure 5 PCA of log transformed (ln+1) raw water quality data 
(excluding biological parameters) to view spatial and temporal 
patterns (scaling 2). (a) Biplot arrows for water quality parameters. 
(b) Symbols represent site numbers. (c) Symbols represent site 
location, whether they were located on the main-stem river system 
(V), Onaping tributary (O), Whitson tributary (W), Levey tributary (L), 
Junction tributary (J), or Fairbank tributary (F). The first and second 
PCA axes explain 51.9% of the total variation.

Figure 6 Water quality parameters which exceeded the Canadian 
recreational water quality guideline (CRWQG) (green), long-term 
Canadian water quality guideline for the protection of aquatic life 
(CWQG) (red), and/or provincial water quality objective (PWQO) 
(blue) at one or more sites during the 2013-2014 sampling period. 
Asterisks indicate when a CWQG (red) or PWQO (blue) was omitted 
because it was dependent on hardness.

Figure 7 Venn-diagrams showing the results of variation partitioning 
performed on the geographical, topographical, and river network 
models for 2013-2014 water quality means. Variation explained 
uniquely and jointly, and the unexplained fractions were shown 
numerically (total variation = 1). The significance of each testable 
fraction was shown as p<0.05*, p<0.01**, or p<0.001***.

Geographical Pathway
Sites should display a gradient of deterioration based 
on the overland dispersal from smelter emissions, 
however, deposition of past emissions on the 
landscape can also act at another scale as well (i.e., 
topographical pathway).

Topographical Pathway
Sites should display a gradient of deterioration based 
on non-point sources within a specific boundary (i.e., 
land-cover types and road densities), however, point 
sources within the boundary likely are detected 
through this pathway as well. 

River Network Pathway
Sites should display a gradient of deterioration based 
on the quantity and quality of effluent released from 
point sources, in conjunction with non-point sources 
and flow regulation features.

Figure 8 Redundancy analysis (RDA) of selected explanatory variables from geographical, topographical, and river network models for 2013-
2014 water quality means (scaling 2). (a) Biplot arrows for spatial-pathways. (b) Symbols represent site numbers. (c) Symbols represent site 
location, whether they were located on the main-stem river system (V), Onaping tributary (O), Whitson tributary (W), Levey tributary (L), 
Junction tributary (J), or Fairbank tributary (F). (d) Symbols represent water quality parameters. Explanatory variables were removed if they 
were collinear (redundant) using forward selection. The first and second RDA axes explain 44.74% of the total variation.


