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Lake Simcoe Region Conservation Authority 

Lake Simcoe Region Conservation Authority 
- ~60 km north of Toronto 

 
- Watershed: 3,307 km2  

▫ Lake: 722 km2  
 

- 435,500 residents (+ 50,000 seasonal) 
 

- 35 tributaries 
 

- 47% agriculture; 40% natural cover; 
12% urban 
 

- Drinking water for 8 municipalities 
 

- Recreation (80% winter ice fishing) 
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Lake Simcoe Region Conservation Authority 

Stream invertebrates 
- Many are juvenile stages of insects 

 
- Critical foodweb link:  

▫ organic matter (leaf litter, algae, etc.)  fish 
 

- Limited migration, “long – lived” (~ 1 yr) 
 

- Predictable response to environmental changes: 
▫ Pollutant tolerant? Pollution sensitive? 

 
- “Cumulative” indicators of environment: 

▫ Species present depend on conditions during last few 
months 
 Hot/cold, oxygen, nutrients, toxins, salt, etc.  

 
- We have chemical changes, but do they impact biology? 

 

Photo: OMNRF 
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Lake Simcoe Region Conservation Authority 

Usefulness? 
- “Index” values (or metrics) assess 

ecological condition: 
▫ Index of biological integrity 
▫ Hilsenhoff Biotic Index 
▫ Diversity Index  

 
- Score against “ideal” or                          

reference conditions 

Photo: OMNRF 

- Designed for “organic” pollution (vaguely defined) 
▫ Nutrients (e.g. phosphorus) 
▫ Dissolved oxygen (flowing water) 
▫ Organic chemical pollution (PCBs, DDT, etc.) 

 
- Widely used, but…. what if the problem isn’t “organic pollution”? 
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Lake Simcoe Region Conservation Authority 

LSRCA monitoring 
- Sampled stream sites (October) 

▫ 30 sites (2002 – 2009) 
▫ 50 sites (2010)  
▫ 55 sites (2016) 

 
- Some sites paired with water quality 

sample stations 
▫ Match biology to chemistry! 

 
- Sampled using “kick and sweep” 

method 
 

- Sample ID to family-level 



6 

Lake Simcoe Region Conservation Authority 

Determining critical environmental drivers 
- Fundamental question: “What drives observed changes in species and study sites?” 

 
- Evaluate all known environmental factors (10’s-100’s!) 

▫ e.g. water/air temperature, oxygen, flow velocity, bottom type, nutrients, 
chemicals, etc. , etc. 

 
- Multivariate Statistical Analysis: test many, many factors at once! 

▫ Explore relationships and directions of change 
 

▫ Which sites are similar? Which are different? 
 

▫ Which biological communities / species are ecologically similar / different? 
 

▫ Why? 
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Lake Simcoe Region Conservation Authority 

Determining critical environmental drivers 
- Principal Components Analysis (PCA) 

▫ 2002 vs 2012 
- Plot sites vs environment in 3D space 

▫ Circles: study sites 
▫ Blue arrows (vectors): significant 

environmental drivers 
▫ Red: change 2002 vs 2012 

 
- Close: highly related sites / factors 

▫ Total P, Tot. Susp. Solids, Chloride 
▫ Newmarket 2002 vs 2012 

 
- Opposite / Far: poor relationships 

▫ % urban vs natural cover (forest) 
▫ Aurora 2002 vs 2012 



8 

Lake Simcoe Region Conservation Authority 

Determining critical environmental drivers 
- Main driver: urbanization factors  (explained 

79.3% of variation in data): 
▫ % urban surface area 
▫ Total suspended solids 
▫ Total phosphorus 
▫ Chloride concentration 

 
 
- ALL sites had chloride increases (but more 

natural and heavily impacted had less change): 
 

 
▫ Aurora: 6% urban area increase, 27 mg/L chloride increase 
▫ Hawkestone: 0.8% urban area increase, 1 mg/L Cl- increase 
▫ Newmarket: already heavily impacted (Cl-: 212 mg/L) 
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Lake Simcoe Region Conservation Authority 

Chloride 
- Main source:  winter de-icing salt 

 
- Primary de-icer in Ontario  

▫ Safer driving / walking 
▫ Readily dissolves / doesn’t degrade 

 
- High mobility: groundwater / surface water 

 
- Impacts osmoregulation of freshwater species 

 
- CCME guidelines for freshwater:  

▫ Chronic: 120 mg Cl-/L 
▫ Acute: 640 mg Cl- /L 
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Lake Simcoe Region Conservation Authority 

Chloride levels in Ontario streams 

Graph: MOECC 2010  

- Chloride increasing in Ontario streams 
 

- Lake Simcoe: 100,000 tonnes (2012) 
 

- Comparisons: 
▫ Unimpacted Shield lakes: 1-7 mg Cl- /L 
▫ L. Simcoe background: ~10 mg Cl- /L 

 
▫ Hotchkiss Cr. (Barrie): 6120 mg Cl- /L                 

(Feb 2013) 
 

▫ Seawater: 19,250 mg Cl- /L 
▫ Cooksville Cr. (Mississauga): 20,000 mg Cl- /L) 

 
▫ Parking lot runoff (Aurora): 85,673 mg Cl- /L 
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Lake Simcoe Region Conservation Authority 

Chloride in Lake 
Simcoe Tributaries 

High chloride in tributaries correlates 
with urban areas and season 

Hotchkiss 
857 mg/l 
247 mg/l 

Bluffs 
12 mg/l 
11 mg/l 

Mean Cl- Concentrations 
Winter 
Spring, Summer, Fall 

Beaver 
30 mg/l 
26 mg/l 

Holland Landing 
339 mg/l 
140 mg/l 
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Lake Simcoe Region Conservation Authority 

Not just Lake Simcoe tributaries 
-  Lake concentration increasing since 1970s 
-Average rate of increase: has doubled (0.55  1.1 mg/L per year) 
-  Increasing gap between lakes in urban vs rural catchments 
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Lake Simcoe Region Conservation Authority 

Biological community changes 
- Focus on 5 sites: 

 
- Urban: 

▫ Hotchkiss Creek (Barrie): 87% urban 
area 

▫ East Holland (Aurora): 42% urban 
▫ East Holland (Newmarket): 56% 

urban   
 

- Rural (Oro-Medonte): 
▫ Hawkestone Creek:  7% urban 
▫ Bluffs Creek: 5.7% urban  

 



14 

Lake Simcoe Region Conservation Authority 

Environmental Conditions  

Chloride Phosphorus 

- As expected: 
▫ Urban sites had higher chloride (esp. Hotchkiss Creek with 87% urban area) 

and phosphorus 
▫ Rural sites had lower concentrations 

Not 
sampled 
winter 
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Lake Simcoe Region Conservation Authority 

Environmental Conditions  

Specific Conductance Total Suspended 
Solids 

- As expected: 
▫ Urban sites had higher specific conductance and TSS 
▫ Rural sites had lower concentrations 
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Lake Simcoe Region Conservation Authority 

Biological Community: Pollution Tolerant 

Oligochaetes Chironomids 

- Groups indicative of poor conditions 
were higher at urban sites 
 

- But no within site sig. diff. 2002-2015 
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Lake Simcoe Region Conservation Authority 

Biological Community: Pollution Sensitive 

Ephemeroptera Trichoptera 

- Groups indicative of good 
conditions were higher (mostly) 
at rural sites 
 

- But no within site sig. diff. 2002-
2015 

? 
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Lake Simcoe Region Conservation Authority 

Plecoptera 

% EPT 

- Stoneflies only found at rural sites! 
 

- Higher % EPT at rural sites 
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Lake Simcoe Region Conservation Authority 

Biological Community 

Pollution tolerant Pollution sensitive 

- Urban sites had communities with higher % tolerant 
- Rural sites had pollution sensitive groups 
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Lake Simcoe Region Conservation Authority 

Hilsenhoff Biological Index 

Excellent 

Very Poor 

Poor 

Very Good 
Good 

Fairly Poor 
Fair 

- Urban sites: 
▫ “Fair” to “Poor” 

- Rural sites: 
▫ “Good” to “Very Good” 
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Lake Simcoe Region Conservation Authority 

Maskinonge River 

Highway 
extension 
opened 

Sept. 2014 

• Predominantly  (~78%) rural 
 

• 14.5 km Highway 404 extension opened in 
Sept. 2014 
 

• Cl- Objective: 120 mg/L 
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Lake Simcoe Region Conservation Authority 

Maskinonge River 
• Biology: high variability (Sites dry in some years) 
 
• Too damaged to detect new changes?  
• Chloride change not impacting biology?  

 Tolerant spp. can withstand Cl- change? 
 

• Need better taxonomic resolution? Model? 
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Lake Simcoe Region Conservation Authority 

Next steps: 

- Are “traditional” index values tracking the critical environmental factors? 
▫ i.e. are the changes we are seeing, related to the actual change occurring? 

 
- Is there an “easy to use” method to assess impacts of urbanization? 

 
- Can we develop a rapid assessment approach to track winter salt impacts? 

 
- What is the point of critical impacts? How much is too much?  

 
- Is better species ID required to better describe changes? 

▫ i.e. Caddisflies in Newmarket? pollution sensitive BUT had a high abundance  
 

▫ Why? Are some caddisfly species better adapted to less ideal conditions? 
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Lake Simcoe Region Conservation Authority 

Summary: 

- Urbanization is a driving factor for impacts on stream biological communities 
▫ BUT… chloride is only one of several closely related factors (TP, TSS, urban area) 

 
- We need an “easy to use”, rapid assessment method to detect and track changes  

 
- We need to determine the critical point (threshold) for biological change 

▫ When are chemical changes reflected in other parts of the environment? 
▫ How much is too much?  
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