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Lower Churchill River Ecosystem
Model Considerations

Model  ≠ Real World



Environmental Illness

• Defining the extent and 
impact of exposure is 
the key to 
understanding 
environmental illnesses 

• No harm without  
exposure 

• Exposure does not 
always mean harm 



Risk Assessment 101

• Risk Assessment (RA) 

is a tool that can be 

used for estimating the 

potential for adverse 

effects that could arise 

from the presence of 

contamination in the 

environment.

Risk

Receptor

Exposure Hazard



Lower Churchill River Ecosystem

• Simulates magnitude and timing of response, including pulse of MeHg 
pulse through the system

• Pulse works through various steps in ecosystem
• water/sediments/lower trophic levels/higher trophic levels

• To what extent can fish MeHg “catch up” to increases at base of 
ecosystem, before exposure starts to decline

• Calibrate model to existing conditions, then predict effects of flooding

• Requires food web data
• Who eats whom (stomach contents, isotopes)

• Habitat Info (who lives/moves where)

• Baseline Hg values to validate the model (sediment, inverts, fish, 
plankton)

• Growth rates

• Limitations:
• Can’t represent complexity of true food webs, but try to capture key features 

affecting the magnitude and timing of response

• Is MeHg in lower trophic levels linked to MeHg in water or sediments?

• How will food web change after flooding?

• Assume some energetic models

• Not all data collection is directly applicable to the model

Resmerc Model Food Web Considerations/Input



Lower Churchill River Ecosystem

• Model Inputs
• Representative species & parameters

• Representative food web

Model Considerations



Lower Churchill River Ecosystem

• Probabilistic
• Models MeHg flux from sediment to water

• Water then direct to food web based on BAFs

• Assumes several parameters:
• Soil Organic Carbon content (%) based on satellite 

imagery

• “Steady State” biological MeHg concentrations with 
peak MeHg fluxes from the reservoir

• Fish species list from the “Lake Melville region”
(Table S5)

• BAFs calculated and used based on fraction of their 
lifespan spent in each environment (Tables S7a & S7b)

Model Considerations



Lower Churchill River Ecosystem

Fish species from the Lake Melville 
region

• Exposure of each species depends 
on interaction with the Muskrat 
Falls Reservoir or any output 
downstream

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on fraction 
of a species lifespan spent in each 
environment

Bioaccumulation Factor (BAF):

• MeHg in biota / MeHg in water

• Exposure of each species calculated from fraction 
of lifespan spent in each environment

• River (Churchill River only based on BAF), 

• Estuary (Goose Bay & Lake Melville), 

• Marine (Groswater Bay and beyond)

• Predominant habitat/foraging regions were 
estimated using δ13C, δ15N, δ199Hg and δ201Hg,  
and literature (eg., Li et al. 2016 and Bradbury et 
al. 1999)

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on 
fraction of a species lifespan spent 
in each environment

Arctic char:

• Spend 9/52 weeks in marine (Grant and
Lee 2014)
• Isotope C/N would still have remnant 

freshwater signal (Jardine et al. 2003)

• None captured in Churchill River, Goose 
Bay or Lake Melville
• Traditional Knowledge says they may be in 

Lake Melville in low abundance

• Would not reside or spawn in lower Churchill 
River but may be in other freshwater 
tributaries of Lake Melville

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on 
fraction of a species lifespan spent 
in each environment

Atlantic cod:

• Li et al. (2016) identifies them as marine 
species based on isotopes

• None captured in Churchill River, Goose 
Bay or Lake Melville

• Ryan et al. (2016) baseline samples 
collected in St. Lewis Bay

• Traditional Knowledge….

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on 
fraction of a species lifespan spent 
in each environment

Atlantic salmon:

• Li et al. (2016) identifies adults as marine 
species based on isotopes

• Juveniles will migrate to marine 
environment and spend at least a year at 
sea before returning

• Will cease feeding as they enter the
estuary

• Very few captured in the Churchill River

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on 
fraction of a species lifespan spent 
in each environment

Brook trout:

• Up to 8/52 weeks in estuary (near natal
stream) as adults (Bradbury et al. 1999)

• Very few captured in Churchill River
• Brook trout in Lake Melville are not produced 

in Churchill River main stem 

• Natal streams would be near estuary sites

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on 
fraction of a species lifespan spent 
in each environment

Capelin:

• Li et al. (2016) identifies them as marine 
species based on isotopes

• Two captured in Churchill River, Goose 
Bay or Lake Melville

• Ryan et al. (2016) did not collect baseline 
samples collected

• Traditional Knowledge….Chaulk et al. 
(2013) noted whales near Rigolet chasing 
capelin

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on 
fraction of a species lifespan spent 
in each environment

Lake Trout:

• None captured in Muskrat Falls reservoir 
area or downstream

• They would be in freshwater but not any 
affected by the reservoir

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on 
fraction of a species lifespan spent 
in each environment

Ouananiche:

• Very few captured in Muskrat Falls 
reservoir area

• They would be in freshwater but not any 
affected by the reservoir

Model Considerations



Lower Churchill River Ecosystem

BAFs calculated and used based on 
fraction of a species lifespan spent 
in each environment

Seal:

• No Ringed seal observed in Churchill 
River (that includes Sikumiut
Environmental Management Ltd (2008))

• Chaulk et al. (2013) states that elders 
reported that Ringed Seals are rarely
observed in Lake Melville during the 
summer, compared to early spring.

• Chaulk et al. (2013) also noted that B. 
Sjare tracking data suggested that 
Ringed Seals move in and out of Lake 
Melville from other areas of coastal 
Labrador over the course of the ice-free 
period

Model Considerations
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BAFs calculated and used based on fraction of a species lifespan spent in 
each environment

Model Considerations

Species

Freshwater Estuary Marine

Non-Churchill Churchill River

Arctic Char 0.8 0.0 0.0-0.1 0.0-0.1

Atlantic cod 0.0 0.0 0.0-0.1 0.9-1.0

Atlantic salmon 0.4 0.0 0.0 0.6

Brook trout 0.8 0.0 0.2 0.0

Capelin 0.0 0.0 0.0-0.1 0.9-1.0

Lake Trout 1.0 0.0 0.0 0.0

Ouananiche 1.0 0.0 0.0 0.0

Seal 0.0 0.0 0.4-0.75 0.25-0.6



MeHg concentrations in locally caught species increase 1.3 to 10-fold 
depending on time spent foraging in different environments

Calder 2016 – Country Food MeHg

Predictions



Lower Churchill River Ecosystem

Summary

1. Species Distributions (and food webs) should be revised based on available data
a) Some identified species are not within the zone of exposure

2. Habitat use (for BAF calculations) should be reviewed and revised based on available 
data

a) Many of the top species are not as exposed as suggested

b) Also exposed to other water sources than Churchill River (BAF)

3. Baseline Hg concentrations should be reviewed and revised based on available data

4. Organic Carbon estimates should be reviewed based on available data
a) Reservoir measurements

5. “Steady State” vs Pulse?

Model Considerations


