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EXECUTIVE SUMMARY
The Adaptive Management Plan (AMP) and associated monitoring programs were developed and described
within the Fish Habitat Compensation Plan (FHCP). However, this document formalizes the monitoring process
based on baseline field program results and provides an overview of the habitat parameters as well as the
baseline data and its variability that will be used to monitor change and reservoir stabilization. Prior to reservoir
creation, baseline reports were provided to regulators as annual stand-alone documents and did not include the
required analysis for use in the ongoing post-reservoir FHCP monitoring program. The reservoir was fully
inundated between August 7 and September 5, 2019, therefore, ongoing AMP monitoring will now be contained
within this analysis process. This AMP document provides the details on monitoring parameters and trigger
values. It also provides information on steps should a trigger be activated/exceeded.
Adaptive management provides a structured process for evaluating aquatic ecosystems over time and invoking
appropriate mitigations, should intervention be warranted. Acknowledging this, Nalcor Energy has adopted
adaptive monitoring as a key element of the FHCP. While many fish have shown they can respond quickly and
adaptively to change, it is likely that fish communities within the Muskrat Falls Reservoir will require time to
stabilize, as the reservoir itself stabilizes. Adaptive management is therefore based on long-term and
comprehensive monitoring of ecosystem changes and stabilization so that ecosystem function is monitored and
maintained.
For the program to be as comprehensive as possible, three categories of indicators were identified during the
development of the FHCP for their ability to provide ongoing evaluation of environmental conditions:
Verification, Early Warning, and Diagnostic. The indicators have been organized in each of the main monitoring
function groups: habitat stability, habitat suitability (physico-chemical characteristics), and habitat suitability
(biological).
The general framework for the AMP incorporates a series of “tiers” or levels of monitoring and/or actions that
may be triggered by previous monitoring results. The initial monitoring program consists of surveillance which
measures Verification and Early Warning Indicators identified within the FHCP. The results of each annual survey
will be compared to baseline to determine if conditions are changing beyond the normal range. Indicators that
have predicted ranges, beyond or different than baseline, will be compared to those predicted values. Movement
between tiers is guided by the exceedance of a trigger in one or several indicators. For example, annual indicator
values beyond their normal ranges will trigger the next level of monitoring while a return within the expected
normal range would reset the monitoring level. It is noted that any indicator condition that exceeds what would
be considered beyond the tolerance of the monitoring species such as upper lethality or suitability parameter
ranges of habitat characteristics could immediately initiate the Investigation of cause (IOC) and/or Investigation
of solution (IOS) tier.
No Indicator Parameters (Verification and Early Warning) monitored in 2020 within the Muskrat Falls Reservoir
were below predicted boundary of ranges; however, several were higher than predicted:
•

Zooplankton biomass;

•

Longnose Sucker Condition (Fulton),

•

Burbot and Lake Chub CPUE (electrofishing), and

•

Benthic Macroinvertebrate biomass (Kick nets).
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All indicators will continue to be monitored in 2021. There were some challenges identified in collecting some
samples (e.g., nearshore sediment) due to vegetation remaining relatively stable along the submerged shoreline.
Additionally, Lower Reservoir Reach Transects for water depth and velocity were also not collected due to safety
and unfamiliarity with the reservoir. Greater understanding of reservoir conditions experienced in 2020 will allow
greater survey coverage and data for ongoing monitoring years. Since phytoplankton and zooplankton baseline
and reservoir analysis lacks the comparability in species/family resolution, consideration will be given to other
metrics that provide a reasonable indication of possible changes in plankton composition. A metric of relative
biomass change among the zooplankton and phytoplankton groupings will be investigated and incorporated in
the 2021 report. An overall summary status of each indicator within the AMP upon completion of the 2020
monitoring year is provided in Table A.
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Table A:

Sediment
Transport

Shoreline
Stability

Monitoring
Component

Biological

Habitat Suitability

Physico-chemical
Characteristics

Habitat Stability

Function
Group

General Description of Verification and Early Warning Indicators and Summary Status
Indicator

Indicator
Type

Data
Collection

Area of Inference

Available
Baseline

Current AMP Tier
Level

Triggered AMP Tier
Level for next
sampling round

Unvegetated shoreline

V

Satellite

Entire reservoir (focus
on low stability terrain)

Comparisons to
upstream control sites

Baseline

Surveillance

Total reservoir perimeter

V

Satellite

Entire reservoir

2012 Imagery

Surveillance

Surveillance

Reservoir bathymetry

V

On-site mapping

Entire reservoir

Pre-reservoir
bathymetry (LIDAR)

Surveillance

Surveillance

Velocity/depth profiles

V

ADCP transects

Entire reservoir

NA

Surveillance

Surveillance

Shoreline substrate
composition

V

Transects co-located
with ADCP

Entire reservoir

NA

Surveillance

Surveillance

Mid-channel substrate
composition

V

Transects co-located
with ADCP

Entire reservoir

NA

Surveillance

Surveillance

Total suspended solids
Total phosphorus
Primary productivity
Phytoplankton population
dynamics
Zooplankton population
dynamics
Macroinvertebrate
community structure
Fish CPUE
Fish CPUE

V
V
V

Grab samples
Grab samples
Grab samples

Index of Entire reservoir
Index of Entire reservoir
Index of Entire reservoir

Surveillance
Surveillance
Surveillance

Surveillance
Surveillance
Surveillance

E

Grab samples

Index of Entire reservoir

1999, 2006, 2010-2016
1999, 2006, 2010-2016
1999, 2006, 2010-2016
1999, 2006, 2010inundation

Surveillance

Surveillance

E

Grab samples

Index of Entire reservoir

1999, 2006, 2010-2016

Surveillance

Surveillance

Rock bag
colonization
Electrofishing
Fyke netting

2011-2016

Surveillance

Surveillance

2010-2016
2000, 2010-2016

Surveillance
Surveillance

Surveillance
Surveillance

Fish abundance/presence

V

Snorkeling

2012-2016

Surveillance

Surveillance

V

Scale analysis

Delta / reservoir edge
habitat
Delta habitats
Slow reservoir habitats
Delta/reservoir edge
habitat
Entire reservoir

Surveillance

Surveillance

V

Condition factor

Entire reservoir

Surveillance

Surveillance

E
E

Fulton Condition
Satellite

Entire reservoir
Entire reservoir

1998, 1999, 2010-2016
1998-2000, 2006, 20102016
2012-2016
2006, 2013, 2016

Surveillance
Baseline

Surveillance
Surveillance

Fish growth / condition
Fish stress
Vegetation growth

E
V
V

Verification (V), Early Warning (E)
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1.0

INTRODUCTION

Nalcor Energy is nearing the completion of a hydroelectric generation facility at Muskrat Falls on the lower
Churchill River in Labrador (Figure 1-1). The Muskrat Falls Project (Project) is part of a larger overall development
which may potentially include a second generating facility located at Gull Island as well as the interconnecting
transmission lines. The entire development underwent an Environmental Assessment (EA) which concluded with
Joint Review Panel Hearings throughout the province and the Quebec north shore during the winter of 2011.
Following the Panel review, the project was released from EA by the federal and provincial government.
Part of the assessment and permitting process for the project included authorization under Section 35(2)(c) and
35(2)(b) of the Fisheries Act which included the acceptance of a Fish Habitat Compensation Plan (FHCP) to offset
any loss to fish and fish habitat caused by the Project (AMEC 2013). The Muskrat Falls portion of the
development received a Fisheries Act authorization (13-01-005) on June 9, 2013. One of the FHCP requirements
was the inclusion of an Adaptive Management Plan (AMP) to monitor the habitat and fish health conditions
within the Muskrat Falls Reservoir against those predicted and to outline monitoring and/or mitigation triggers
should conditions require. A key component of the AMP is detecting change beyond natural variability and/or
predicted changes, therefore, annual data collection has been ongoing since 2010, and in some habitat
parameters 1998, to document natural variability and changes due to reservoir creation. The headpond, a small
water body upriver of Muskrat Falls, was created in 2017 until late 2019 when the full reservoir was completed.

1.1

Adaptive Management Plan (AMP)

Ecosystem response to change is complex and challenging to predict and therefore, the overall approach for
adaptive management and monitoring is a stepwise process (Figure 1-2). The AMP is built on extensive baseline
data and the current (and evolving) understanding of the ecosystem, including habitat characteristics and species
presence and activity. Data collected through ongoing monitoring programs are compared with the baseline
data and pre-established targets or thresholds. Deviations from established targets will trigger further actions
such as additional investigations or decisions, adjustment in practice, or mitigation. This process provides a
systemic feedback mechanism that ensures any change to habitat stability, habitat suitability, or fish health
outside of the predicted range is detected at an early stage, and that appropriate action can be implemented.
The AMP and associated monitoring programs were developed and described within the FHCP (AMEC, 2013a);
however, this document formalizes the monitoring process based on baseline field program results and provides
an overview of the habitat parameters as well as the baseline data and its variability that will be used to monitor
change and reservoir stabilization. Prior to reservoir creation, baseline reports were provided to regulators as
annual stand-alone documents and did not include the required analysis for use in the ongoing post-reservoir
FHCP monitoring program. However, the reservoir was fully inundated between August 7 and September 5,
2019, therefore, ongoing AMP monitoring will now be contained within this analysis process. This AMP
document provides the details on monitoring parameters and trigger values. It also provides information on
steps should a trigger be activated.
The majority of the data required for the AMP is provided by the baseline FHCP sampling programs; however,
other programs have also been collecting data and may be incorporated as, and when, needed. These include an
Aquatic Environmental Effects Monitoring (EEM) Program that was established for the Project (AMEC, 2013b) as
well as other parameter-specific sampling regimes such as the Methylmercury water sampling program, wetland
delineation, and nesting bird surveys.
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Figure 1-1: Overview of Muskrat Falls FHCP AMP Sampling area
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Assessment

Comparison to a standard to
determine compliance

Condition
Unacceptable
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Monitor

Monitor more
intensely

Problem
Confirmed

Diagnose Causative Agents

If cause known, apply predetermined
mitigations/contingency plan

Condition
Sufficient

Problem
Transient

Remediate

Monitor Success

Adapted from Cairns et al 1993

Figure 1-2: Typical stepwise activities under the AMP
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2.0

ADAPTIVE MONITORING DESIGN

Adaptive management provides a structured process for evaluating aquatic ecosystems over time and invoking
appropriate mitigations, should intervention be warranted. Acknowledging this, Nalcor Energy has adopted
adaptive monitoring as a key element of the FHCP. While many fish have shown they can respond quickly and
adaptively to change, it is likely that fish communities within the Muskrat Falls Reservoir will require time to
stabilize, as the reservoir itself stabilizes (AMEC 2013). Adaptive management is therefore based on long-term
and comprehensive monitoring of ecosystem changes and stabilization so that ecosystem function is monitored
and maintained.
All monitoring programs are derived from a desire, either explicit or implicit, to detect change attributable to a
given activity and to ensure that ecological change stays within acceptable limits, including change that is
inherent and unique to each ecosystem (Arciszewski et al., 2017). The preliminary requirement for any
monitoring program is the need to establish questions, or goals, and to outline what characteristics of the
ecosystem are monitored to meet those goals (e.g., Munkittrick et al., 2002). It should be noted that the ongoing
outputs of a monitoring program will help inform management but will not be the only input to mitigation or
adaptive management decisions (Arciszewski et al., 2017). A review of more recent monitoring approaches has
been conducted to assist in establishing a defensible, valid, and rigorous monitoring/management framework
approach (e.g., Arciszewski et al., 2017; Arciszewski & Munkittrick, 2015; Munkittrick et al., 2009).
A long-term monitoring framework has been developed to adaptively include data collection from various
ecosystem components and frequencies (Arciszewski et al., 2017; Arciszewski & Munkittrick, 2015; Munkittrick et
al., 2009). The program monitors habitat conditions that inform of possible changes in environmental conditions
(stressors) which may cause undesired changes (effects) based on parameters that will identify when change is
occurring and a triggering/tier process of data collection or modifications to better define whether detected
changes are as predicted, negative and/or persistent.

2.1

Methods

A key challenge in ecological monitoring is separating relevant and undesirable effects from natural
environmental variability (Arciszewski et al., 2017; Munkittrick et al., 2002). Overcoming this challenge in an
adaptive monitoring program is aided by comparing future data to past observations and/or predicted effects,
and forms the basis of this monitoring framework. Given the size of the lower Churchill River and the fish species
composition, a reference site for control measures is not considered practical (Galloway et al., 2003; Munkittrick
et al., 2002).
Unexpected observations beyond a threshold, or trigger, can be defined as a “change”. Changes, or differences,
are distinct from an “effect” or an “impact,” which have stronger associations with being undesired, malignant,
and likely requiring possible mitigation (Arciszewski et al., 2017). Effects and impacts, including cumulative and
subtle effects are also interpreted as important, but they are often difficult to clearly identify. In most cases,
effects must first be initially identified as being different than expected and therefore, in an adaptive monitoring
program, any effect must first manifest itself as a change (Arciszewski et al., 2015). The direction, extent and/or
duration of these changes will determine whether the change causes an effect (Munkittrick et al., 2002).
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Adaptive monitoring is a continuous process that relies on several iterative tiers of monitoring using three
different types of Indicator Parameters (IP); Verification, Early Warning, and Diagnostic. Each IP is triggered at
various times and/or conditions within the Muskrat Falls Reservoir. Environment and Climate Change Canada
(formerly Environment Canada) provided a similar outline for AMP monitoring (Table 2-1). It should be noted in
Table 2-1 that the terms significant statistical change, critical effect size, critical threshold, probable effects level
and management strategy require definition relative to specific monitoring objectives before they are useful
within the context of an AMP.

Table 2-1:

Summary of Actions under an Adaptive Management program (reproduced from
Environment Canada 2011).

Level
Effect
Warning Sign
Response Sign
Action Level

Trigger

Consequence

Significant statistical change

Seek confirmation

Exceeds critical effect size, and is
confirmed
Exceeds critical threshold effect size
and is getting worse
Passes probable effects level or
water quality criterion

Increase monitoring frequency to define extent
and magnitude of change
Investigate cause
Change in management strategy warranted

2.1.1 AMP Implementation
Initial AMP monitoring for Muskrat Falls focuses on IP related to environmental conditions that can be measured
and compared to pre-project variability and/or predicted values. It also includes a series of monitoring “tiers”
that are based on monitoring results relative to established Critical Effect Size (CES) values. Within each IP, a
CES/trigger value(s) has been established based on background, pre-inundation baseline. Each trigger attempts
to account for the natural variability measured during pre-inundation and therefore any exceedance of a CES
value during post-reservoir formation monitoring would “trigger” further action(s) as part of the next subsequent
monitoring tier. In this way, the monitoring program incorporates initial CES values based on local predevelopment conditions as much as possible.

Critical Effect Size (CES) Development
All monitoring programs are derived from a desire, either explicit to implicit, to minimize or prevent change
attributable to a given activity and to ensure that ecological change stays within acceptable/predicted limits,
including the basal rates of change inherent and unique to each ecosystem (Arciszewski et al., 2017). All CES
values are defined by form (community or individual metric) and magnitude (level of change) (Galloway et al.,
2003). Chosen metrics (IPs) in any adaptive monitoring program must be measurable and have the ability to
detect unexpected change in aquatic ecosystems. They also require a defined value or measure expected (e.g.,
baseline) at the site in the absence of development and ideally, adequate and comparable baseline data would
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be collected at a location before any development (Arciszewski & Munkittrick, 2015). Each selected parameter
also needs an associated magnitude of change defined that may be ecologically relevant or desirable to detect
(Munkittrick et al., 2009). In an adaptive monitoring program, each parameter may have multiple levels of
change, or multiple conditions, defined for various triggers to occur. The definition of ecologically relevant
triggers can be complicated (Munkittrick et al., 2009); however, CES, or endpoints, can be defined.
Using statistical comparisons between two treatments (e.g., pre- and post-development) can provide a CES value
whereby exceedance of a pre-established α (typically 0.05), represents a significant effect or difference. The
designation of this value for the purposes of study design can be referred to as the CES; however, differences can
exist between the statistical threshold for detecting significant changes and the threshold that describes either
ecologically important changes or the changes thought to be of importance to higher levels of organization
(Munkittrick et al., 2009). Additionally, a CES value would ideally be set to define a level of protection that
prevents ecologically relevant impacts and at a level that would provide a margin of “ecological” safety or buffer
to allow a response time that would mitigate serious impacts (Arciszewski et al., 2017; Munkittrick et al., 2002,
2009). It has also been suggested that the development of thresholds (CES) derived from field data can be used
to replace strict statistical testing and/or default CES values that would not have local variability incorporated
(Arciszewski & Munkittrick, 2015).
Normal ranges have been widely adopted as tools for interpreting environmental data because they are
conceptually intuitive, incorporate statistical process and therefore a sense of rigor. They are also generic and
thus provide a level of comfort in that they can be applied to any response variable and various study designs
(Kilgour et al., 2017). Relative boundaries, or normal ranges, of expected (baseline) data are often defined by
marginal percentiles that encapsulate a rate of occurrence expected for future observations, if existing sources of
variability maintain their relative importance and influence over time (Arciszewski et al. 2017). A review of
methods for determining CES values for EEM programs indicated values of 25% or two standard deviations (2SD)
of change from the baseline mean as reasonable values for use in a wide variety of EEM programs with a wide
variety of endpoints (Munkittrick et al. 2009). It was noted that typically a CES of 25% change was used in fish
biometrics (e.g., condition, Gonadosomatic Index [GSI]) while a CES equivalent to approximately 2SD of baseline
mean was used for population and community-level metrics (e.g., catch-per-unit effort). This concept was
developed further by Arciszewski and Munkittrick (2015) with the development of a monitoring framework and
CES/trigger determination using historic baseline data series. A CES trigger can be defined as the site-specific
running or historic Grand Mean (mean of annual means) +2SD, which can be used to make predictions of future
observations when the data are normally distributed; a mean +2SD encapsulates 95% of observations from an
assumed normal distribution.
However, means and standard deviations are estimated with error, with the magnitude of the error depending
on sample size (Kilgour et al. 2017). Therefore, direct comparisons of means (or samples) to normal range limit
estimates will lead to a higher-than-desired frequency of incorrect conclusions about the magnitude of a
deviation based on central distributions (Kilgour et al. 2017). Noncentral tests, however, are specifically designed
to test the null hypothesis that there are effects of a specified size, and they can be designed to test that means
(or samples) fall within or outside the limits of the normal range, with desirable Type I and Type II errors (Kilgour
et al., 1998). McBride et al. (1993) deemed noncentral tests to be appropriate for EEM applications. For example,
if the normal range is assumed to be the numeric region enclosing 95% of baseline observations, a 1-sided
response variable (deviations in one direction only are deemed an indication of degrading conditions) has a CES
of 1.645 standard deviation (SD), whereas a two-sided response variable has a CES of 1.96SD (or approximately
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2SD). The noncentral equivalence test (F’eq) has a 95% chance of declaring a mean, or sample, to be at the limit
of the normal range when it is, and the noncentral interval test (F’int) has a 95% chance of declaring a mean, or
sample, to be inside the normal range when it is (Kilgour et al. 2017).
CES determinations can therefore be calculated for most IPs based on the normal range for the Grand Mean of
all baseline data collected prior to Muskrat Falls Reservoir inundation. In the case of Muskrat Falls, the baseline
(pre-inundation) data will be used to generate the Grand Mean; however, a running mean will not be generated
after each additional year of monitoring for most parameters because post-inundation data cannot be added to
pre-inundation baseline regardless of the annual mean value.
The 95% boundary around the normal range, either 1.645SD for a 1-sided or 1.96SD for a 2-sided comparison,
will be used to represent the CES, and noncentral equivalence and interval tests will be used to determine
whether the monitoring year mean value was at and/or beyond the limit of the normal range, respectively. The
rationale for a 1-sided or 2-sided comparison is provided for each IP in the appropriate sections below.

AMP Tier Development
The general framework for AMP is provided in Arciszewski and Munkittrick (2015) and Arciszewski et al. (2017). It
incorporates a series of “tiers” or levels of monitoring and/or actions that may be triggered by previous
monitoring results. The initial monitoring program consists of surveillance which measures Verification and Early
Warning Indicators identified within the FHCP. The results of each annual survey will be compared to baseline to
determine if conditions are changing beyond the boundary of the normal range. Indicators that have predicted
ranges, beyond or different than baseline, will be compared to those predicted values. Movement between tiers
is guided by the exceedance of a trigger in one or several indicators (Arciszewski et al. 2017). For example,
annual indicator values beyond their normal ranges will trigger the next level of monitoring while a return within
the expected normal range would reset the monitoring level. Figure 2-1 outlines the general approach of the
tiered monitoring system. It should be noted that any indicator condition that exceeds what would be
considered beyond the tolerance of the monitoring species such as upper lethality or suitability parameter
ranges of habitat characteristics could immediately initiate the Investigation of cause (IOC) and/or Investigation
of solution (IOS) tier.
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Figure 2-1: Schematic of adaptive monitoring approach (based on Arciszewski et al. 2017).

AMP Indicator/Trigger Development
The principal goal of the AMP is to monitor and manage the chemical, physical and biological characteristics of
the altered habitat associated with the Muskrat Falls Reservoir, with the goal of monitoring and confirming
ecological stabilization. Early detection of potentially damaging and/or unexpected conditions is an important
consideration in the design so that any required remediation can be initiated as early as possible.
Consistent methods of field data collection have been incorporated throughout the baseline programs
associated with the Muskrat Falls Project to the extent possible (i.e., the FHCP and EEM utilize the same
methodologies throughout). Annual baseline survey results are available in separate annual reports; however,
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those parameters used in the AMP and used in the development of parameter trigger values are summarized
below.
An environmental indicator can be defined as “a characteristic of the environment that, when measured, quantifies
the magnitude of stress, habitat characteristics, degree of exposure to the stressor, or degree of ecological response
to the exposure” (Hunsaker and Carpenter 1990) and can serve several purposes in the context of environmental
monitoring (Munkittrick et al. 2002). Selected environmental indicators need to be useful in judging the degree
to which specified environmental objectives have been achieved or maintained (Cairns et al., 1993). Selection is
important since any long-term monitoring program will only be as effective as the indicators chosen.
The goal of an Adaptive Management and Monitoring Program is to address the following questions as adapted
from Cairns et al. (1993) and Arciszewski and Munkittrick (2015):
1.

Are stated objectives being met (i.e., is there an unexpected change in an early warning or
verification IP)?

2.

If there is a change, is it getting worse (i.e., is it having a sustained negative effect)?

3.

Is the effect acceptable?

4.

If the effect is not acceptable, what is the cause and how can the effect (or challenges) be
mitigated?

The first question can be addressed by providing an ongoing evaluation of environmental conditions using
meaningful and cost-effective IPs. The second relates to determining if a detected change is having a sustained
negative effect (i.e., is it persistent). While the IPs were selected to detect potential negative effects on the
Muskrat Falls Reservoir aquatic habitat, the third point requires inclusion and consideration because the
predictability of reservoir changes may not reflect the reality once the reservoir has begun stabilizing. For
example, an identified negative effect on one aspect of the reservoir or fish community may have positive effects
on some other aspect that may be more desired in the immediate or long-term. Identifying causes of missed
objectives is often a much more difficult task as ‘causality’ can require measurements of additional information
(e.g., stressors or other processes) and carefully executed monitoring/experiments. Preferably, identification and
diagnosis of problems should occur as early as possible so that remedial actions can be taken before substantial
ecosystem change or damage has occurred (Cairns et al. 1993; Munkittrick et al. 2002, 2009; Arciszewski et al.
2017). The last question requires careful choice of IPs and requires that the AMP consider the possible ecosystem
changes or damages that could occur and to provide known, standard mitigations that can be initiated as soon
as possible.
For the program to be as comprehensive as possible, three categories of indicators were identified during the
development of the FHCP for their ability to provide ongoing evaluation of environmental conditions:
Verification, Early Warning, and Diagnostic (Table 2-2).
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Table 2-2:

Summary of Indicator Types

Indicator Type

Summary

Verification
(Surveillance)

Indicators which measure fish and fish habitat conditions to determine whether
ecosystem objectives are being met. These generally involve ongoing monitoring
programs (Section 3.0).

Early Warning

Indicators used to identify potential issues before they cause serious negative
effects on the environment. Included in ongoing monitoring programs (Section
3.0).

Diagnostic (IOC / IOS)

Indicators used to determine the possible cause of unexpected or negative effects
identified by Verification indicators. Diagnostic indicators are used in conjunction
with Verification indicators to determine if the change is negative, positive, or
permanent, and to determine the source of the effect (Section 4.0). Usually
triggered by the results of Verification monitoring.

Adapted from AMEC 2013

Verification Indicators (VI) have been selected that measure fish and fish habitat conditions to determine
whether ecosystem changes are occurring, and objectives of the AMP are being met. The most effective
verification indicators are those that integrate many characteristics related to the ecosystem and the stated
objectives (effects-based). For example, individual or population attributes of ecologically and/or socially
important species (e.g., biomass of Brook Trout), can be a useful verification indicator as its ecological attributes
depend on many functioning elements of the ecosystem (e.g., prey, spawning habitat, appropriate thermal
conditions).
Challenges can occur when negative effects are detected and identified when it’s already too late to make costeffective adjustments to the system (i.e. tipping point of the ecological system has been surpassed). As such,
Early Warning indicators have also been included within the AMP to assist in identifying possible impending
effects or issues before they exert substantial impact on the ecosystem. While they may not represent key AMP
monitoring parameters, they typically are linked and/or show increased sensitivity to common stressors.
The integrative nature of verification indicators often makes them less effective at determining why possible
changes or effects are occurring. Other information that strategically target key stressors or processes can be
used for such determinations. These are Diagnostic Indicators (DI) that would be triggered as part of the
diagnostic phase of the AMP and should be inherently linked to the previously mentioned VIs so that together
they can allow for greater detection of a potential problem and identification of the possible sources. DIs are
described within the FHCP (AMEC 2013) but not included here.
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3.0

VERIFICATION AND EARLY WARNING INDICATORS

Descriptions of Verification and Early Warning indicators includes a summary of each and the annual results of
the mean value comparison to the available baseline data normal range CES values that would trigger various
tiers of the monitoring procedures, where applicable. Several habitat stability parameters related to the reservoir
do not have measured baseline values or means but have predicted values based on modelling. These predicted
values are used in comparisons to annual monitoring results where applicable.
Data has been compiled from baseline programs conducted in the lower Churchill River as early as 1998, which
was the beginning of consistent sampling within the Muskrat Falls Reservoir area. Within the AMP, Verification
and Early Warning indicators are currently monitored on an annual, ongoing basis; however, the AMP has a
reoccurring five-year review of results and a determination of whether changes in IP (e.g., frequency, method,
timing), can be considered.
The indicators have been organized in each of the main monitoring function groups:
•

Habitat stability

•

Habitat suitability (physico-chemical characteristics)

•

Habitat suitability (biological)

Several indicators monitor possible effects within multiple function groups and overlap occurs, therefore, to
avoid unnecessary duplication each has been described once with reference to the overlapping relative function
groups. A summary of each Verification and Early Warning indicator within each function group is provided in
Table 3-1.
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Monitoring
Component

Biological

Habitat Suitability

Physico-chemical
Characteristics

Function
Group

Sediment Shoreline
Transport Stability

General Description of Verification and Early Warning Indicators

Habitat Stability

Table 3-1:

Indicator

Indicator
Type

Data
Collection

Area of Inference

Available
Baseline

Unvegetated shoreline

V

Satellite
Satellite

Entire reservoir (focus
on low stability
terrain)
Entire reservoir

Comparisons to
upstream control
sites
2012 Imagery

Total reservoir perimeter

V

Reservoir bathymetry

V

On-site mapping

Entire reservoir

Pre-reservoir
bathymetry (LIDAR)

Velocity/depth profiles

V

Entire reservoir

NA

Shoreline substrate
composition

V

Entire reservoir

NA

Mid-channel substrate
composition

V

ADCP transects
Transects colocated with
ADCP
Transects colocated with
ADCP

Entire reservoir

NA

Total suspended solids

V

Grab samples

Total phosphorus

V

Grab samples

Primary productivity

V

Grab samples

E

Grab samples

E

Grab samples

Index of Entire
reservoir
Index of Entire
reservoir
Index of Entire
reservoir
Index of Entire
reservoir
Index of Entire
reservoir
Delta / reservoir
edge habitat
Delta habitats
Slow reservoir
habitats
Delta/reservoir edge
habitat

1999, 2006, 20102016
1999, 2006, 20102016
1999, 2006, 20102016
1999, 2006, 2010inundation
1999, 2006, 20102016

Phytoplankton population
dynamics
Zooplankton population
dynamics
Macroinvertebrate
community structure
Fish CPUE

V

Rock bag
colonization
Electrofishing

Fish CPUE

V

Fyke netting

Fish abundance/presence

V

Snorkeling

V

Scale analysis

Entire reservoir

V

Condition factor

Entire reservoir

E
E

Fulton Condition
Satellite

Entire reservoir
Entire reservoir

E

Fish growth / condition
Fish stress
Vegetation growth

2011-2016
2010-2016
2000, 2010-2016
2012-2016
1998, 1999, 20102016
1998-2000, 2006,
2010-2016
2012-2016
2006, 2013, 2016

Verification (V), Early Warning (E)
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3.1

Habitat Stability

Overall habitat stability relative to baseline within the Muskrat Falls Reservoir includes indicators of shoreline
stability and sediment transport.

3.1.1 Shoreline Stability
The inundation of the Muskrat Falls Reservoir has created a new shoreline at the full supply water elevation of
39 m asl (Figure 3-1). Based on pre-inundation bank slopes and substrates, and estimated wave energy
generated across the reservoir, it has been estimated the banks will require between 10 and 20 years to stabilize
(AMEC 2008). Reservoir shoreline stability is biologically important because shoreline instability and associated
slope failures can lead to several habitat-related effects; notably, reduced nearshore habitat suitability for fish
spawning and rearing and increased Total Suspended Solids (TSS) in the reservoir until the shoreline stabilizes.
During this initial 10-20 years of predicted instability, the shoreline will be monitored as it erodes, slumps and
eventually stabilizes. The primary measure of shoreline stability is remote sensing of the shoreline boundary
related to ongoing slumping and material movements.

Total Reservoir Perimeter
Remote sensing has been used as a direct measure of shoreline stability and employs remote imagery (satellite
and/or air photos) to measure visible shoreline features. The overall reservoir shoreline has been defined as the
vegetated boundary of the leading riparian edge around the Muskrat Falls Reservoir to ensure the boundary is
consistently determined using GIS and easily detectable on available imagery. Imagery has been georeferenced
within a GIS and each selected shoreline feature will be located (geo-marked) and compared over time.
The rate of bank erosion is predicted to show a declining trend within the first 15 years of full reservoir creation,
and to stabilize to pre-reservoir rates beyond 15 years. Satellite imagery will be captured each year for the first
15 years, 2020 to 2035, and again in 2037 and 2039. Imagery will be captured in the fall each monitoring year
when vegetation is highly visible and the effect of annual events, including spring melt/thaw, summer flows and
heavy rains will be accounted for.
The overall degree of reservoir shoreline stability is being determined using the relative increase in reservoir
boundary as a proxy for change in shoreline location and hence stability. That is, the reservoir boundary will be
measured each year and annual changes will be plotted against the natural, pre-reservoir rate of change. It is
assumed that the rate over the first 15 years of reservoir stabilization will return to pre-reservoir.
The 2020 reservoir boundary area of the Muskrat Falls Reservoir was used to determine a baseline value for the
initial boundary using available satellite imagery. The overall baseline river boundary was plotted against time to
establish a natural, stable background rate for comparison to annual monitoring years. The initial year of baseline
(2006) was considered the standardized riverbank area and subsequent years (2015) was used to estimate the
percent relative change (increase or decrease) in overall boundary. This same approach is being used for Muskrat
Falls Reservoir. As a result, the first complete year of inundation (2020) has been established as the standardized
riverbank and therefore estimates of shoreline stability will begin in 2021. Table 3-2 provides the annual
measures and percent change in shoreline stability. In total, the natural baseline rate of erosion is estimated at
11.7 ha/year or 0.17 percent boundary increase per year.
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Figure 3-1: Muskrat Falls Reservoir

Environment & Infrastructure Solutions

woodplc.com

Page 22 of 60

Nalcor Energy
Muskrat Falls Fish Habitat Compensation Monitoring Adaptive Management Trigger Report (Final)
Wood Project #: TF13104119.6700
25 November 2021

Table 3-2:

Summary of Annual Shoreline Stability (Erosion Rate) Estimates

Monitoring Year

Shoreline Boundary (ha)

2006
2015
2020 (Year 1 Reservoir)

6,978
7,083
10,248

Relative Boundary Change
(ha/year)
11.7

Percent Change / Year
(proxy Erosion Rate)
0.17

Unvegetated Shoreline (Verification)
In addition to the overall reservoir stabilization rate, the annual shoreline imagery will be reviewed for any areas
of large-scale slumping, defined as at least 2 million cubic metres of material. Any identified areas will be
delineated and identified as an Area of Concern. This identification will trigger further investigation using
Diagnostic indicators to determine the cause of the slumping including direct measures of the area, weather,
and waves (AMEC 2013).
The 2020 imagery has been reviewed and no large-scale slumps have been identified from the first year of
reservoir creation.

3.1.2 Sediment Transport
Sediment transport is being used as an indirect measure of reservoir Habitat Stability and a direct measure of
fish Habitat Suitability for all life stages. Excess erosion and eventual stabilization of the Muskrat Falls Reservoir
will cause the movement of shoreline substrate by suspension, which can be transported within the water
column for relatively long distances, and bedload transport, larger substrate material generally moving while
staying in contact with the bottom and does not travel as far.
Excess sediment transport can lead to measurable changes in indicators of both habitat stability (i.e., bathymetric
profile) and suitability (i.e., TSS, Water Velocity/Depth, and Substrate Composition).

Reservoir Bathymetry
Water depth affects the distribution of many aquatic animals and plants. A significant change in reservoir depth
due to sediment transport may lead to large-scale changes in the quantity or distribution of habitat, changing
the overall habitat suitability of the reservoir. For this reason, the bathymetry of the reservoir will be monitored
for any measurable large-scale changes.
During the first full year of reservoir formation (2020), a bathymetric profile was created (Figure 3-2) using 2.5 m
contours. This initial bathymetry of the reservoir will be used as the baseline condition and subsequent
bathymetric profiles will be monitored by comparing contours generated within the initial year of formation to
subsequent mapping each monitoring years. The frequency of bathymetric mapping during post inundation is
once in the year immediately after inundation (2020) and at regular (three-year) intervals post-inundation for the
first 15 years of reservoir stabilization (2023, 2026, 2029, 2032, 2035).
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Figure 3-2: Baseline bathymetry, Muskrat Falls Reservoir at 2.5m contours

Environment & Infrastructure Solutions

woodplc.com

Page 24 of 60

Nalcor Energy
Muskrat Falls Fish Habitat Compensation Monitoring Adaptive Management Trigger Report (Final)
Wood Project #: TF13104119.6700
25 November 2021

Any changes in bathymetric contours in an area showing greater than 5 metre variation relative to the 2020
baseline mapping will be considered large-scale bathymetric alterations and identified as Areas of Concern.
Based on the resolution of effective mapping, large-scale deviations such as these over an area of at least 2.5
km2 will trigger further investigation such as site-specific measures of water/velocity profiles and substrate
composition (see Section 3.2.1). The 2020 bathymetry is therefore considered baseline and 2021 will be
considered Verification/Surveillance.

3.2

Habitat Suitability

Habitat suitability indices include both physico-chemical (e.g., water quality) and biological parameters. During
the initial year of reservoir creation (2020), sampling throughout the reservoir was challenged by limited boat
launching locations, unknown water conditions and safety concerns regarding travel throughout the system. The
experience gained in 2020 will allow better coverage, particularly downstream near the powerhouse in
subsequent monitoring years. Data collected in 2020 reflects reservoir conditions; however, any limitations within
an indicator are provided below.

3.2.1 Physico-Chemical Characteristics
Physico-Chemical indicators include parameters related to water quality. Each is described below with
accompanying baseline information.

Reservoir Water Velocity and Depth
Changes in water velocity and depth can change the suitability of the habitat types within the reservoir, and
therefore alter the use of the reservoir by resident fish species. The overall predicted mean water velocity and
maximum depths within the Muskrat Falls Reservoir reaches were predicted using HEC-RES transect modelling
and are provided in Table 3-3. The Muskrat Falls Reservoir was subdivided into three reaches: Lower Reservoir
(between river km 45-68), Mid-Reservoir (between river km 68-85) and Upper Reservoir (between river km 85100) (see Figure 3-1).

Table 3-3:

Summary of Overall Predicted Muskrat Falls Water Velocity and Depth based on HEC-Ras
modelling

Reservoir Section

Maximum Predicted
Water Depth (m)

95% Confidence
Limit

Upper Reservoir (Reach 1)
Mid-Reservoir (Reach 2)
Lower Reservoir (Reach 3)

24.08
24.25
29.67

14.67 – 33.50
21.59 – 26.91
27.79 - 31.54
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Mean Predicted
Water Velocity
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Acoustic Doppler Profiler (ADP) transects are being used to accurately measure water depth and velocity profiles
of habitat types throughout the reservoir to confirm they remain within the expected habitat ranges (Table 3-4).
During the first year of full flooding, transects were completed at selected pre-established locations so a
complete depth/velocity/discharge profile could be recorded. During the 2020 season, the stability of the
reservoir, locations of possible tree stick ups and unfamiliarity with the reservoir and weather effects on travel
limited transect locations to the Gull Lake (Upper Reservoir Reach) and Edward’s Brook (Mid-Reservoir Reach)
areas. Additional transect locations have been identified and will be completed in subsequent monitoring years
to provide greater coverage. Additionally, consideration is being given to establishing several permanent
transect locations along with several randomly selected locations each monitoring year so that various portions
of the reservoir are surveyed, and possible isolated shifts may be better detected.

Table 3-4:

Summary of mean habitat parameters at measured transects, 2020

Water Depth (m)
Measured
Measured
Reservoir
Discharge
Predicted
Measured
Measured
Width (m)
(m3/s)
Max
Mean
Max
74.9a1
1563.7
1122.48
23.66
12.41
24.51
74.9b
1665.2
1399.57
23.66
11.90
24.81
96.7
1516.3
1215.22
12.12
9.82
14.89
97.7a1
1653.5
809.61
9.72
8.81
12.97
97.7b
1423.6
1248.01
9.72
8.76
12.14
98.8
1005.1
1113.48
8.92
8.53
10.96
1
Transects were near but just downriver of the noted HEC-Ras transect km
River km

Water Velocity (m/s)
Predicted
Measured
Measured
Mean
Mean
Max
0.16
0.175
0.950
0.16
0.122
0.985
0.07
0.119
0.967
0.15
0.140
0.994
0.15
0.163
0.949
0.31
0.169
0.773

As shown, mean water velocities and maximum water depths were within the predicted boundary of normal
ranges for the nearest HEC-Ras pre-flooding transect model output (Table 3-5). Within each reservoir reach, the
maximum water depths measured were generally lower than the maximum depths predicted while the mean
water velocities were higher. This reflects the transect locations and the incomplete coverage of each reservoir
reach (i.e., most transects were completed at habitat compensation locations and did not include deeper, slower
areas of each reach.
A mean velocity found to be outside the normal range of the reservoir section and different than the mean value
predicted by the HEC-Ras model would result in the area being included in the next year’s monitoring to confirm
the deviation. It may also trigger bathymetric survey coverage of the general area (Area of Concern) to detect
whether shifts in bottom structure have occurred. At this time, the 2021 monitoring year will be undertaken as
Verification/Surveillance sampling and will include greater numbers of transect locations.
If monitoring were to move to Diagnostic, an investigation into the possible effects of the habitat change within
an identified Area of Concern on resident fish species would be triggered. The investigation would include a
review of fish use and fish health data in the reservoir section (if already included in a sampling regime), or
collection of this data (if not within the ongoing sampling regime).
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Table 3-5:

Summary of 2020 Mean Measured Muskrat Falls Water Velocity and Depth within reservoir
reaches
Water Depth (m)

Reservoir Section

Maximum
Measured
Water Depth
(m)

Predicted
Range

Water Velocity (m/s)
Measured
within
Normal
Range?

Mean
Measured
Water
Velocity
(m/s)

Predicted
Range

All Measured
within
Normal
Range?

Upper Reservoir (Reach 1)
12.74
10.96-14.89
yes
0.148
0.12-0.17
Mid-Reservoir (Reach 2)
24.66
24.51-24.81
yes
0.149
0.12-0.18
Lower Reservoir (Reach 3)
Due to safety concerns and unfamiliarity with the reservoir, Lower Reservoir Reaches were not completed in 2020

yes
yes

Total Suspended Solids (TSS)
High TSS concentrations can be an indicator of shoreline erosion and can affect the suitability and use of the
reservoir by resident fish species. The Muskrat Falls Reservoir area has traditionally shown considerable
fluctuations in TSS concentrations, in part due to sandy substrate and naturally high turbidity levels.
As the reservoir matures and the shoreline stabilizes, it is predicted that TSS will diminish to less than 5 mg/L
over baseline (pre-inundation) levels within seven years, and to less than 2 mg/L above baseline levels within 20
years. Any significant increase in TSS would trigger further investigation into the distribution of high TSS levels
and the potential resulting change in habitat function. The investigation would include:
•

A review of TSS results and the potential to affect habitat function, primary productivity, and fish health

•

Further TSS sampling to delineate Area(s) of Concern

•

If changes in habitat function are possible, additional focused sampling of fish species health would be
triggered

TSS measures are being collected regularly during the open water period both within the Muskrat Falls Reservoir
and at an upriver control location so that both overall TSS values within the reservoir can be monitored as well as
baseline to be used for the relative difference to upriver inflows. The predicted TSS based on modelling gives
values only for the ice-free period (indicates zero increases in TSS with ice cover). Figure 3-3 provides the
predicted model increases in TSS over the first 20 years of reservoir creation. As a conservative measure, the
maximum value for each year is being used as the annual criteria for comparison to measured TSS
concentrations during the open water period each year. Table 3-6 provides the mean annual TSS values during
the ice-free period for the three reservoir reaches in 2020. It also provides the estimated predictions based on
modelling. As shown, TSS values within the Muskrat Falls Reservoir did not increase to the concentrations
predicted by the modelling. In fact, the maximum values also were well within those predicted by modelling. The
2021 monitoring year will continue as Verification/Surveillance sampling.
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Figure 3-3: Modeled TSS within the Muskrat Reservoir and downstream of Muskrat Falls
Note: Figure presents concentrations above baseline (i.e. a value of 30mg/L indicates an increase of 30
mg/L above baseline)

Table 3-6:

Summary of 2020 annual TSS values within each Muskrat Falls Reservoir reach compared to
predicted values (open water)

Maximum TSS
Measurement
Reservoir Section (sample location)
above Baseline1
(mg/L)
Upper Reservoir -Reach 1 (N2)
11
0.64
9
Mid-Reservoir - Reach 2 (N3)
1.45
25
0.50
7
Lower Reservoir - Reach 3 (N4)
30
1.05
10
1
Maximum TSS measurement recorded during open water within the reservoir. Includes a correction for baseline inflow TSS.
Sample location N1 is upriver of the reservoir and therefore a control sample site for water quality entering the reservoir
Mean TSS Baseline
at N1 (mg/L)

Predicted Peak TSS
above Baseline
(mg/L)

Mean Annual TSS
above Baseline
(mg/L)

Reservoir Substrate Composition
A change in the composition and/or distribution of substrate can change the use of the reservoir by resident fish
and other aquatic species. Accurately measuring the substrate composition of each habitat type throughout the
Muskrat Falls Reservoir is crucial to identifying any conditions that could alter the use of the reservoir by resident
fish and other aquatic species.
Complete substrate composition, including nearshore and mid-channel, are being measured at pre-established
locations. The data will be used to verify the predicted substrate composition within each habitat type.
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A significant change in substrate, or a substrate substantially different from what is predicted, will trigger further
investigation into the extent of the substrate change and its biological impact:
•

A review of the substrate composition distribution within Muskrat Falls Reservoir. Further measurements
may be taken to delineate the distribution of habitat change with further details.

•

A review of the habitats and biological use of each habitat by the fish species present.

If the investigation indicates changes in habitat use because of altered substrate composition, additional focused
fish sampling will be triggered.

Muskrat Falls Reservoir Shoreline
The substrate composition of the Muskrat Falls Reservoir shoreline was sampled in 2010 prior to any disturbance
to determine the existing material surrounding what would become the reservoir shoreline. This was completed
by Nalcor Energy for both fish habitat and shoreline stability assessments (see AMEC 2008). Test pit samples
were collected around the shoreline. Those labelled as “MR-XX” indicated samples collection along the shoreline
of the Muskrat Falls Reservoir Area. The samples were subdivided into the three reservoir reaches: Upper
Reservoir Reach 1 (MR-1 to MR-12), Mid-Reservoir Reach 2 (MR-17 to MR-28), and Lower Reservoir Reach 3
(MR-34 to MR-42). Each substrate sample was analyzed using standard sieves to create a gradation (percent of
the sampled material passing through each sieve diameter). The mean percent passage of each sieve size was
used to represent the overall expected shoreline substrate composition upon stabilization (Figures 3-4 through
3-6).
Each subsequent post-reservoir sample will be compared to the mean gradation as well as the “envelope” of
gradation represented by the 95% confidence interval generated from the data for each Muskrat Falls Reservoir
reach. If TSS can be used as a proxy of shoreline stabilization, it is predicted that shorelines will become stable
within seven years. That is, most samples would fall within the gradation envelope once stabilized; however, it
would be anticipated that exceedances of smaller fractions would be likely until then due to siltation, bank
erosion, and movement of materials. During the first five years of inundation, shoreline substrate will be
monitored but exceedances of shoreline samples alone will not trigger further investigation. After the first five
years, more than 50% of all samples collected falling outside the envelope, would indicate that substrates have
not yet stabilized to that expected and may warrant further investigation of this on the fish species present.
In 2020, samples were not collected along the shoreline due to the extensive stick-up zones and difficulty in
penetrating the existing, flooded floor with the Eckman grab. Alternative sample methods or locations will be
employed in 2021 to allow greater success in gathering samples; however, monitoring is still within the initial
seven years of flooding and stabilization would be ongoing. The sampling efforts to date also indicate that
flooded vegetated material remains in place along the shoreline and therefore erosion/slumping has been
relatively limited.
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Figure 3-4: Grain size envelope, nearshore zone within the Muskrat Falls Lower Reservoir Reach
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Figure 3-5: Grain size envelope, nearshore zone within the Muskrat Falls Mid-Reservoir Reach
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Figure 3-6: Grain size envelope, nearshore zone within the Muskrat Falls Upper Reservoir Reach

Muskrat Falls Reservoir
The mid-reservoir portions of each Muskrat Falls Reservoir reach are anticipated to receive any finer material
eroded from the shorelines and transported from upriver. While the former river primarily contained finer
material, it was also sampled prior to inundation to generate similar substrate gradation envelopes around the
mean percent passage through standard sieve sizes. During the first five years of inundation, mid-channel
substrate will be monitored but exceedances of samples alone will not trigger further investigation. After the first
five years, more than 50% of all samples collected falling outside the envelope, would indicate that substrates
have not yet stabilized to that expected and may warrant further investigation of this on the fish species present.
Samples collected in 2020 were compared to the mean gradation envelopes to determine the extent of change
in the first year of inundation within the mid-channel habitat. Similar to the shorelines, these areas are
anticipated to be most active in the first seven years of inundation. Figures 3-7 shows the samples collected in
2020 were generally finer than the baseline gradations, that is, the percentage of finer material was greater than
that measured during baseline.
Limited samples were collected in 2020; however, greater familiarity with the reservoir and therefore greater
sampling in subsequent years will allow better documentation of the possible accumulation trends of material.
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Figure 3-7: Grain size results from 2020 compared to baseline gradation envelope (predicted)

Total Phosphorous (TP)
Newly created reservoirs experience an increase in productivity because of nutrient input from decomposing
terrestrial vegetation. Upon flooding, nutrients (phosphorous and nitrogen) from soils and vegetation will be
released and, through microbial action, can become biologically available (Baxter and Glaude 1980; Hayeur
2001). Spikes in nutrients are typically transient: the initial spike in oxygen demand and nutrients will generally
decrease over time as available organic matter decreases, and eventually stabilizes. Within the Muskrat Falls
Reservoir area, pre-inundation TP concentrations were naturally low, but are expected to increase during the first
15 years of reservoir stabilization. These increases are not predicted to have a substantial negative effect on
habitat use. However, unexpectedly high TP concentrations can change the suitability and use of the reservoir by
resident fish species and can affect fish growth.
Predicted increases in TP concentrations are expected to peak two years post-impoundment and are anticipated
to stabilize faster than TSS; in 10-15 years (Figure 3-8) (Minaskuat, 2008). Peak concentrations are predicted to
range between 0.054 and 0.115 mg/L (Minaskuat 2008). The modeled increases in TP are within the range that
could lead to increased fish production but are below the range that could lead to anoxia because of increased
algal production.
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Figure 3-8: Modeled TP within the Muskrat Reservoir and downstream of Muskrat Falls
Note: Figure presents concentrations above baseline (i.e. a value of 0.057 mg/L indicates an increase of
0.057 mg/L above baseline)

Any significant increase in TP would trigger further investigation into the distribution of high TP levels and the
potential resulting change in habitat function. Further investigations would include:
•

Determining the overall distribution of high TP concentrations and biological change in habitat function,
primary productivity or fish health

•

Further TP sampling to delineate Area(s) of Concern

•

If changes in habitat function or fish health are possible, additional focused sampling of fish species
health and dissolved oxygen would be triggered.

TP measures are being collected regularly during the open water period both within the Muskrat Falls Reservoir
and at an upriver control location so that both overall TP values within the reservoir can be monitored as well as
baseline to be used for the relative difference to upriver inflows. The predicted TP based on modelling gives
values primarily for the ice-free period (indicates near zero increases in TP with ice cover). As a conservative
measure, the maximum value for each year is being used as the annual criteria for comparison to measured TP
concentrations during the open water period each year. Table 3-7 provides the mean annual TP values during
the ice-free period for the three reservoir reaches in 2020. It also provides the estimated predictions based on
modelling. As shown, similar to TSS, the measured TP values within the Muskrat Falls Reservoir did not increase
to the concentrations predicted by the modelling. In fact, with the exception of a single sample from the Upper
Reservoir Reach (N2), maximum values were also well within those predicted by modelling. The 2021 monitoring
year will continue as Verification/Surveillance sampling.
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Table 3-7:

Summary of annual TP values for 2020 within each Muskrat Falls Reservoir reach compared
to predicted values (open water)

Maximum TP
Measurement
Reservoir Section (sample location)
above Baseline1
(mg/L)
Upper Reservoir -Reach 1 (N2)
0.043
0.021
0.266
Mid-Reservoir - Reach 2 (N3)
0.012
0.057
0.010
0.022
Lower Reservoir - Reach 3 (N4)
0.077
0.010
0.032
1
Maximum TP measurement recorded during open water within each reservoir reach. Includes a correction for baseline inflow TP
2
Predicted TP values are primarily for the ice-free season (May to November)
Mean TP Baseline
at N1 (mg/L)

Predicted Peak TP
above Baseline
(mg/L)2

Mean Annual TP
above Baseline
(mg/L)

3.2.2 Biological Characteristics
The Fish Habitat Compensation Plan includes two objectives directly related to fish living within the reservoir: to
maintain the existing species diversity within the Muskrat Falls Reservoir area, and to maintain the existing health
of those fish species.
To meet these objectives, a large focus of the monitoring program is on the use of predicted habitat by fish and
their health.

Primary Production
The rate of primary production (the synthesis of organic compounds from light and CO2) is at the foundation of
the food web and thus can determine trophic dynamics and alter fish health and population dynamics within the
reservoir. Generally, modest nutrient additions associated with flooding are considered beneficial for biota in
oligotrophic systems. It is noteworthy that baseline phytoplankton biomass in the Churchill watershed lakes is
considered oligotrophic and low in comparison to other locations in Newfoundland and Labrador and in most
temperate areas of the world (JWEL 1999b). Low baseline phyto- and zooplankton productivity has been partially
attributable to high flushing rates in the mostly riverine sampling sites (Gull Lake, Flour Lake and to a lesser
extent Winokapau Lake) (JWEL, 1999b). Any response in production to the trophic upsurge must be considered
in relation to this baseline.
Within the Muskrat Falls Reservoir, water transparency is predicted to initially decrease due to increased TSS
during initial impoundment and stabilization. Nutrients such as TP are also predicted to initially increase, and
these conditions can have opposing effects on primary production. Pre-impoundment primary production in the
lower Churchill River is currently estimated at 3 to 3.5 times Pmax. Considering light transmission effects only,
primary production could decrease by 50-75% in open water areas under the described conservative, worst-case
scenario during impoundment, recovering to 60-85% of initial baseline conditions during the early years at full
supply level, and ultimately increasing to slightly above pre-impoundment conditions in the long term. Any
nearshore areas of heavy, local active erosion could see a conservative, worst-case reduction to 10-15% of preimpoundment production levels during impoundment and early stabilization as well as during periods of strong,
localized sediment re-suspension (AMEC, 2013b).
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Primary productivity levels are being determined by measures of chlorophyll concentrations in water samples
during the months of highest anticipated activity (July, August, September). The measured primary production
values for the lower Churchill River within the Muskrat Falls Reservoir will be compared directly to the boundary
of normal range determined from pre-flooding samples and non-central tests as per Section 2.1.1 (Critical Effects
Size Development). Primary productivity samples are scheduled to be collected each year for the first 15 years
(the hypothesized timeframe to reservoir stabilization).
A significant change in mean annual primary production (beyond what is predicted) will trigger further
investigations that would include:
•

A review of other annual data including TSS, TP and fish health within the Muskrat Falls Reservoir

•

Further sampling of primary production throughout the reservoir to delineate Area(s) of Concern.

Table 3-8 provides the annual values as well as the baseline Grand Mean, while Table 3-9 presents the
comparison of the 2020 mean annual chlorophyll values during the months of July, August, and September for
the two established sample reaches to the boundary of normal ranges. As shown, chlorophyll concentrations
were within the predicted normal ranges from pre-flooding; however, 2020 mean values ranged between 23.8
and 78.4 percent of baseline as predicted (Table 3-9). It should be noted that the July 2020 mean chlorophyll
measure from the Lower Reservoir Reach was lower than the predicted decrease range of 50-75% but quickly
appeared to rebound in August and September. The 2021 monitoring year will continue as
Verification/Surveillance sampling.

Table 3-8:

Summary of baseline chlorophyll concentrations (mg/m3) in the Muskrat Falls Reservoir,
1998-2016
Baseline Monitoring Years

Location

Gull Lake

Lower Brook

Month
July
August
September
July
August
September

1998

1999

2013

2014

2015

2016

0.74
1.42
1.26
-

1.20
-

1.22
1.05
1.54
0.97

1.65
1.15
1.17
2.35
1.50
1.34

1.52
1.21
1.03
1.97
1.58
1.08

1.69
1.39
1.27
1.97
1.31
1.28
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Table 3-9:

Mean 2020 chlorophyll concentrations within Muskrat Falls Reservoir and non-central test
summary (Fobs) to Critical Interval (F’int)
July

Reservoir Section
(sample location)
Upper Reservoir Gull Lake
Lower Reservoir –
Lower Brook

Mean
2020
(mg/m3)

FObs

0.39

20.54

0.71

116.02

August
Within
Normal
Range?
(F’int)
Yes
(105.9)
Yes
(175.9)

September

Mean
2020
(mg/m3)

FObs

Within
Normal
Range?
(F’int)

Mean
2020
(mg/m3)

FObs

Within
Normal
Range?
(F’int)

0.93

41.31

Yes (88.3)

0.91

36.40

Yes (82.5)

0.91

93.69

Yes
(105.9)

0.73

25.15

Yes
(105.9)

Based on noncentral tests, if Fobs < F’int, mean 2020 value is statistically (α=0.05) within the boundary of the normal range of the baseline Grand Mean

Phytoplankton / Zooplankton Population Dynamics
Initially, post-impoundment changes in water quality may show a decline in density of primary and secondary
producers, primarily as a dilution effect (Baxter and Glaude 1980). Soon after flooding, subsequent
decomposition of soils and vegetation will rapidly release minerals and nutrients, fueling a trophic upsurge. In
western Labrador and within the Churchill River system, Ostrofsky & Duthie (1980) investigated productivity of a
natural lake, a new reservoir (Smallwood) and an established reservoir (Ossakmanuan). Productivity of the new
reservoir was about twice those of the other two sites, with the older Ossakmanuan Reservoir (eight years postflooding) similar to a natural lake.
Impoundment of the Muskrat Falls Reservoir will result in a water retention time within the reservoir of
approximately 10 days. This will allow the potential opportunity for phytoplankton and crustacean zooplankton
communities to develop indigenous populations rather than simply being comprised of those transported into
the area by currents from lakes upriver. The existing crustacean zooplankton community consists generally of
cladocerans and copepods with generation times at summer water temperatures on the order of 1-2 weeks for
cladocerans and approximately 4 weeks for copepods.
It is expected that the Muskrat Falls Reservoir will experience a minimal trophic upsurge after flooding, it will be
moderated by the small amount of flooded area (approximately 41 km2), the fact that there will be areas in the
system that will remain largely riverine in character and the operation of the system as a ‘water in – water out’
facility (which will result in flushing of nutrients and plankton). These factors are expected to reduce the
magnitude of the fish trophic upsurge and associated response of phytoplankton and zooplankton to the
nutrient increase.
Phytoplankton/zooplankton shifts in species community composition and/or biomass is an Early Warning
Indicator or possible changes in prey composition and/or abundance available for fish species within the
reservoir. A shift in food sources may cause shifts in trophic feeding levels and hence change fish health and/or
community structure. Significant changes in either phyto/zooplankton community structure or biomass may
indicate a change in food availability within the reservoir and will trigger further investigations of fish trophic
feeding shifts and fish growth.
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Since potential changes in fish health and/or community structure can be anticipated until reservoir stabilization,
phyto/zooplankton samples will be collected each year for the first 10 years, and then at three-year intervals,
unless results indicate stabilization of the composition much earlier. In this case, the sampling frequency may be
reduced.
Samples collected pre-inundation have been used to generate baseline boundaries of normal ranges of
phytoplankton and zooplankton community biomass. Mean annual phytoplankton and zooplankton biomass
measures each year after reservoir formation will be compared to the boundary of normal baseline range to
determine if they remain within the expected ranges. While Shannon-Weiner Diversity Indices were proposed as
indicators of changes in plankton community composition, low resolution of plankton families within the
baseline data precludes meaningful analysis. At this time, plankton biomass is the key indicator until another
metric of diversity can be established.
Table 3-10 provides the mean annual baseline phytoplankton and zooplankton biomass along with the Grand
Mean value. Table 3-11 presents the comparison of 2020 sample results from the sampling months (July,
August, and September) for the two established reservoir sample reaches to the boundary of normal ranges. As
shown, mean 2020 zooplankton biomass measured within the lower reaches of the reservoir were significantly
higher in each month sampled than the boundary of the normal range from baseline.

Table 3-10: Summary of baseline phyto- and zooplankton biomass (mg/m3) in the Muskrat Falls
Reservoir, 1998-2016
Sample
Location

Baseline Monitoring Years

Month

Baseline Grand
Mean (SD)

1998

2013

2014

2015

2016

July
August
September
July
August
September

19.1
114.0
26.2
-

1613.0
305.0
1934.0
378.0

550.0
350.0
425.0
820.0
425.0
270.0

389.0
461.0
710.0
306.0
597.0
739.0

725.0
537.0
607.0
626.0
521.0
507.0

420.8 (300.9)
615.0 (580.3)
414.6 (268.0)
584.0 (259.6)
869.3 (713.3)
473.5 (201.8)

July
August
September
July
August
September

6.0
13.8
1.45
-

0.14
0.08
0.52
0.04

1.65
0.00
0.00
4.20
0.05
0.00

0.46
0.06
0.00
0.68
0.05
0.02

0.24
0.13
0.03
0.39
0.04
0.05

2.09 (2.68)
2.83 (6.14)
0.31 (0.63)
1.76 (2.12)
0.17 (0.24)
0.03 (0.02)

Phytoplankton
Gull Lake

Lower Brook
Zooplankton
Gull Lake

Lower Brook
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Table 3-11: Mean 2020 zooplankton and phytoplankton biomass within each Muskrat Falls Reservoir
reach and non-central test summary (Fobs) to Critical Interval (F’int)
Reservoir
Section
(sample
location)
Phytoplankton
Upper Reach Gull Lake
Lower Reach Lower Brook
Zooplankton
Upper Reach Gull Lake
Lower Reach Lower Brook

July

August

September

Mean
2020
(mg/m3)

FObs

Within
Normal
Range?
(F’int)

8.65

7.50

Yes (105.9)

19.33

5.27

Yes (88.3)

6.31

11.61

Yes (88.3)

6.56

14.85

Yes (175.9)

4.03

5.89

Yes (105.9)

15.21

20.63

Yes (105.9)

4.99

4.69

Yes (105.9)

7.75

3.22

Yes (88.3)

0.86

3.70

Yes (88.3)

24.74

352.23

No1 (175.9)

153.43

1,686,762

No1 (105.9)

18.79

3,602,496

No1 (105.9)

Mean
2020
(mg/m3)

FObs

Within
Normal
Range?
(F’int)

Mean
2020
(mg/m3)

FObs

Within
Normal
Range?
(F’int)

Based on noncentral tests, if Fobs < F’int, mean 2020 value is statistically (α=0.05) within the boundary of the normal range of the baseline Grand Mean
1

Significant increase in zooplankton biomass compared to boundary of baseline normal range

Benthic Macroinvertebrates
Prior to the creation of the Muskrat Falls Reservoir, the lower Churchill River had low benthic macroinvertebrate
species richness and biomass, and generally low rate of invertebrate production (JWEL, 1999a). Baseline surveys
indicate that tributaries and streams have higher biomass and species richness and therefore may be important
feeding areas for fish. Shifting, sandy substrates, particularly in the reaches of the Muskrat Falls Reservoir Area,
have lowest numbers of macroinvertebrate taxa and biomass and these habitats will not become conducive to
high benthic production after inundation. In many reservoirs, particularly those created from flooding of rivers,
there may be a longitudinal variation in the benthic community structure reflecting the change from more
riverine to more lacustrine habitats (Northcote & Atagi, 1997). After flooding, the most important areas for
benthic production will be the nearshore areas as these will support a stable benthic substrate. The geomorphic
characteristics of the river/reservoir nearshore areas will determine species community structure and overall
production of the benthos. The temporal extent of the process of overburden removal (i.e., shoreline stability)
will be important in establishing the future benthic community.
The biological implications of changes in benthic macroinvertebrate species community structure and/or
biomass are considered particularly relevant to fish. For example, a reservoir may have a similar overall benthic
macroinvertebrate biomass to pre-inundation, but the community structure could be comprised of species that
are not preferable for the resident fish species.
A significant change in benthic macroinvertebrate community structure or biomass may indicate a change in
food availability within the reservoir and would trigger an investigation of changes in fish trophic feeding and
growth.
Rock bags and kick nets have been utilized as a standardized, consistent monitoring method that attempts to
keep as may natural variables as constant as possible (Bowman & Bailey, 1997; Clarke et al., 1997). The analysis of
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the samples will continue to include identification to family for determination of Shannon-Weiner Indices as well
as the calculation of total biomass.
Benthic macroinvertebrates have been collected from various locations throughout the Muskrat Falls Reservoir
area since 2013. Table 3-12 and Table 3-13 provide the baseline benthic macroinvertebrate Shannon-Weiner
Diversity indices and biomass for rock bags and kick nets, respectively.
Samples collected pre-inundation have been used to generate the baseline boundary of normal ranges of
benthic macroinvertebrate community species composition and biomass. Shannon-Weiner Diversity Indices from
post-inundation samples will be compared to the boundary of normal baseline ranges of indices. Similarly,
biomass of each sample will be compared to the boundary of normal baseline range to determine if they remain
within expected ranges.
Table 3-14 provides the mean annual benthic macroinvertebrate diversity indices and biomass from 2020 as well
as mean baseline values. As shown, both diversity and biomass for most remained within the predicted normal
ranges from pre-flooding (Table 3-14). However, biomass within the Reservoir in 2020 was beyond the normal
range, being significantly higher. Rock bags from the Reservoir could not be collected in October 2020 due to
early freeze up. The 2021 monitoring year will continue as Verification/Surveillance sampling.

Table 3-12: Summary of baseline Rock Bag diversity and biomass, 2013-2016
Sample Location

2013
Diversity (Shannon Weiner Index)
Reservoir
Confluence
1.40
Control
2.20
Biomass (g)
Reservoir
Confluence
0.097
Control
0.203

Baseline Monitoring Year
2014
2015

2016

Baseline Grand
Mean (SD)

1.99
1.96
2.01

1.95
1.86
1.96

1.67
1.65
1.58

1.87 (0.18)
1.72 (0.25)
1.93 (0.26)

0.292
1.004
1.340

0.080
0.879
0.373

0.024
3.958
1.646

0.132 (0.14)
1.485 (1.70)
0.890 (0.71)

Table 3-13: Summary of baseline Kick Net diversity and biomass, 2013-2016
Sample Location

2013
Diversity (Shannon Weiner Index)
Reservoir
Confluence
1.65
Control
Biomass (g)
Reservoir
Confluence
0.878
Control
-
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Baseline Monitoring Year
2014
2015

2016

Baseline Grand
Mean (SD)

1.62
1.95
2.04

1.50
2.23
1.93

1.62
1.80
1.78

1.58 (0.07)
1.91 (0.25)
1.91 (0.13)

0.257
0.731
1.425

0.349
0.174
1.048

0.263
0.422
0.812

0.290 (0.05)
0.551 (0.32)
1.095 (0.31)
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Table 3-14: Mean 2020 benthic macroinvertebrate diversity and biomass within Muskrat Falls Reservoir
and non-central test summary (Fobs) to Critical Interval (F’int)
Rock Bags
Sample Location

Kick Nets
Within
Normal
Range? (F’int)

Mean 2020

FObs

Within Normal
Range? (F’int)

Mean 2020

FObs

1.26
1.87

13.21
0.26

Yes (105.9)
Yes (105.9)

1.88
2.82
2.79

56.25
54.01
137.22

Yes (175.9)
Yes (105.9)
Yes (175.9)

0.07
0.87

Yes (105.9)
Yes (105.9)

0.740
0.263
0.178

229.64
3.34
26.39

No1 (175.9)
Yes (105.9)
Yes (175.9)

Diversity (Shannon Weiner Index)
Reservoir
Confluence
Control
Biomass (g)
Reservoir
Confluence
Control

0.567
0.560

Based on noncentral tests, if Fobs < F’int, mean 2020 value is statistically (α=0.05) within the boundary of the normal range of the baseline Grand Mean
1

Significant increase in biomass compared to boundary of baseline normal range

Fish Species Habitat Utilization
The calculation of an index of productive capacity for habitat-types within the Muskrat Falls Reservoir has been
based upon the extensive fish species utilization database collected from the study area. This data is the
foundation for catch-based habitat utilization indices that were also used to quantify habitat. As a result, it is an
important metric in determining the success of compensation works as well as measuring the effect of reservoir
formation and stabilization. The index development has been described in detail within the Habitat Alteration,
Disruption, and Destruction (HADD) quantification reports (e.g., AMEC 2001) and the Fish Habitat Compensation
Strategy (AMEC, 2010).
While many capture methods were employed in the determination of existing habitat use, growth and health
(e.g., age, maturity, stomach contents, mercury concentration), the monitoring associated with post-reservoir will
focus on live-capture methods whenever possible. It will be important to limit the number of fish sacrificed as it
may have a direct effect on fish populations and ongoing sampling success within the reservoir. This is
particularly important given the relatively long monitoring timelines. As a result, fyke nets and electrofishing are
the key methods.
Catch data will not be used to generate Habitat Equivalent Units (HEUs) as was the method for quantifying
habitat but will be used to generate indices of habitat utilization/production. As a result, the reduction in gillnet
use will not affect the monitoring effectiveness of habitats within the Muskrat Falls Reservoir. The overall metric
(utilization) is based on several measures, depending on the method of sampling. The measures include:
•

Biomass (weight) of fish/life-stage per unit effort or area (generated through electrofishing and fyke
netting),

•

Population Estimate is the number of fish/life-stage per unit area (generated through quantitative
electrofishing),
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•

Catch-per-Unit-Effort (CPUE) is the number of fish/life-stage captured through a fixed period of
sampling effort. This differs from population estimates because it is based on sampling time more so
than sample area. This is generated from fyke netting and index electrofishing,

•

Recruitment is the number of species young-of-year captured within each habitat type by the various
sampling methods. This dataset will be a subset of the population estimates (electrofishing) but will be
used as a metric for recruitment in areas of habitat creation, and

•

Species / Life Stage Presence/Absence (generated through fyke netting and electrofishing).

Fyke Nets
Fyke nets are a form of passive sampling which is generally non-destructive, meaning most fish captured will be
live released following processing. Processing typically includes identification of fish species, the collection of
lengths, and weights. Fyke nets are generally set for at least a 16-hour duration, which encompasses the dusk to
dawn period, when fish movement is generally more prevalent. Collection of abundance and biomass CPUE data
from fish species utilizing the Muskrat Falls Reservoir habitats after impoundment by fyke net will allow direct
comparison to pre-inundation, normal range of baseline data.
It should be noted that the numbers of fish captured during baseline (pre-inundation) sampling were low for
most target species and therefore, frequency of occurrence is also included as a metric to compare reservoir fish
community to baseline.
A significant change in fish community structure or biomass may indicate a change in system-wide fish utilization
and population health and/or the success of the reservoir to provide the necessary habitat to sustain a target fish
species. Changes beyond those predicted would trigger additional sampling methods to be deployed to gather
additional information on species presence and habitat utilization. It would also trigger further investigations of
fish trophic feeding and growth.
Fish community data has been collected from various locations throughout the Muskrat Falls Reservoir area since
1998. Table 3-15 provides the baseline fish community abundance and biomass CPUEs based on fyke netting.
Provided is the data collected from the river sections that were classified as Slow Habitat as that is most like the
existing Muskrat Falls Reservoir and will therefore be used as predicted values within the reservoir.
Samples collected pre-inundation will be used to generate the baseline boundary of normal ranges of fish
species CPUE and biomass. Annual CPUE and mean biomass from post-inundation samples are compared to the
normal baseline ranges using noncentral tests. Additionally, frequency of occurrence will be reviewed as a
cumulative trigger, particularly for infrequently captured species. For example, Brook Trout are rarely captured in
the Muskrat Falls Reservoir Area prior to inundation and will likely continue to be sampled at a low frequency. As
such, a sample year without any Brook Trout would not necessarily trigger further investigation. However,
baseline frequencies suggest that more than two years of consecutive non-captures of Brook Trout would not be
expected, therefore three years of consecutive non-captures of Brook Trout would indicate additional sampling
methods should be employed.
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Table 3-15: Summary of baseline fyke net CPUE in the Muskrat Falls Reservoir, 2000-2016

2012

2013

2014

2015

2016

Abundance CPUE (fish/net-night)
Brook Trout
0.50
Burbot
0.50
Lake Chub
7.75
Longnose Dace
0.75
Longnose Sucker
11.25
Northern Pike
0.00
Round Whitefish
0.00
Sculpin Species
1.50
Stickleback
0.00
White Sucker
7.25
Total
29.50
Biomass CPUE (grams/net-night)
Brook Trout
174.48
Burbot
473.45
Lake Chub
23.25
Longnose Dace
6.03
Longnose Sucker
503.90
Northern Pike
0.00
Round Whitefish
0.00
Sculpin Species
3.68
Stickleback
0.00
White Sucker
1,073.48
Total
2,258.25

2010

Species

2000

Baseline Monitoring Year
Baseline
Grand Mean
(SD)

0.00
0.22
11.78
0.00
4.78
0.00
0.00
0.11
4.56
0.00
21.44

0.03
0.09
0.74
0.00
1.03
0.09
0.09
0.63
0.77
0.26
3.71

0.20
0.26
1.54
0.01
0.53
0.04
0.04
0.65
3.93
1.20
8.39

0.00
0.16
2.21
0.03
1.54
0.00
0.03
0.43
3.37
3.27
11.03

0.03
0.27
0.43
0.00
0.03
0.10
0.15
0.43
0.98
2.13
4.57

0.00
0.03
0.37
0.00
0.03
0.03
0.13
0.20
0.18
0.32
1.30

0.11 (0.19)
0.22 (0.15)
3.54 (4.45)
0.11 (0.28)
2.74 (4.09)
0.04 (0.04)
0.06 (0.06)
0.56 (0.46)
1.97 (1.92)
2.06 (2.57)
11.42 (10.37)

0.00
154.48
19.17
0.00
167.00
0.00
0.00
0.29
2.19
0.00
343.12

25.26
85.85
0.45
0.00
5.05
240.00
0.24
0.82
0.79
94.21
452.68

9.63
127.37
4.61
0.10
3.04
0.00
0.11
1.37
5.49
148.41
300.13

0.00
138.75
6.19
0.01
9.77
0.00
0.08
0.66
1.82
32.72
190.00

0.42
159.38
1.19
0.00
0.10
80.20
0.27
0.71
1.19
80.97
324.45

0.00
10.91
1.36
0.00
0.27
45.30
0.03
0.31
0.23
39.34
97.76

29.97 (64.40)
164.31 (145.7)
8.03 (9.30)
0.88 (2.27)
98.45 (188.90)
52.21 (88.51)
0.10 (0.11)
1.12 (1.18)
1.67 (1.86)
209.88 (383.9)
566.63 (754.5)

Table 3-16 provides the mean fish abundance and biomass estimates from 2020 as well as the noncentral test
results. As shown, both CPUE and biomass remained within the predicted normal ranges from pre-flooding
(Table 3-16) and a total of six species were captured.
Those fish species not captured within the Muskrat Falls Reservoir in 2020 included Brook Trout, Longnose Dace,
Round Whitefish and Stickleback. While non-captures of fish species are not uncommon, the number of
consecutive years of non-capture for each species will be monitored. The 2021 monitoring year will continue as
Verification/Surveillance sampling.
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Table 3-16: Mean 2020 fyke net Abundance and Biomass CPUE within the Muskrat Falls Reservoir and
non-central test summary (Fobs) to Critical Interval (F’int)
Abundance CPUE
Species
Brook Trout
Burbot
Lake Chub
Longnose Dace
Longnose Sucker
Northern Pike
Round Whitefish
Sculpin
Stickleback
White Sucker
Total

2020

FObs

0.00
0.02
0.07
0.00
0.12
0.17
0.00
0.06
0.00
0.25
0.70

2.38
11.90
4.26
1.14
2.87
71.39
7.29
8.48
7.42
3.47
7.48

Biomass CPUE
Within
Normal
Range? (F’int)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)

2020

FObs

Within Normal
Range? (F’int)

0.00
0.16
0.18
0.00
0.39
4.55
0.00
0.05
0.00
17.16
22.97

1.52
8.88
4.96
1.04
1.89
2.03
6.11
5.20
5.66
1.76
3.63

Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)
Yes (80.9)

Based on noncentral tests, if Fobs < F’int, mean 2020 value is statistically (α=0.05) within the boundary of the normal range of the baseline Grand Mean

Electrofishing
Electrofishing provides data on fish community composition within tributary habitats. It is used to assess habitat
utilization, species presence/absence and standing stocks of tributary and stream habitats. Fish habitat utilization
has primarily been assessed in the tributaries through electrofishing surveys. Throughout the course of the
baseline monitoring program, a shift in electrofishing technique was undertaken. Following the creation of
Headpond in February 2017, the newly inundated shoreline created habitats that were not suitable for
electrofishing, and were typically deep, slow and had flooded vegetation along the shorelines. As a means of
completing electrofishing in a safe and efficient manner, a shift from quantitative electrofishing to index
electrofishing was completed in 2017 and 2018.
Similar to fyke netting, the numbers of fish captured during baseline (pre-inundation) sampling were low for
most target species and therefore, frequency of occurrence is also included as a metric to compare reservoir fish
community to baseline.
A significant change in fish community structure or biomass may indicate a change in system-wide fish utilization
and population health and/or the success of the tributaries to provide the necessary habitat to support and
sustain a target fish species within the Muskrat Falls Reservoir. Changes beyond those predicted would trigger
additional sampling methods to be deployed to gather additional information on species presence and habitat
utilization. Additional investigations may include:
•

A review of other annual fish utilization data including catch rates and biomass of similar species and life
stages from other habitat types within the reservoir

•

A review of age-structure data from similar species from other habitat types within the reservoir

•

A review of water depth and velocity, flow, and dissolved oxygen within the Area of Concern
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Fish community data has been collected from various tributaries throughout the Muskrat Falls Reservoir area
since 1998 including Peter’s Brook, Lower Brook, Upper Brook, Edwards Brook, Pinus River and Tributary T1.
Where possible, confluence and control (Trans Labrador Highway (TLH) crossing) sites were completed annually.
Samples collected pre-inundation will be used to represent natural, baseline normal ranges of fish species CPUE
and biomass. Annual CPUE and mean biomass from post-inundation samples are compared to the normal
baseline ranges. Additionally, frequency of occurrence will be reviewed as a cumulative trigger, particularly for
infrequently captured species. For example, Burbot were rarely captured in the Muskrat Falls Reservoir
confluences prior to inundation and will likely continue to be sampled at a low frequency. As such, a sample year
without any Burbot would not necessarily trigger further investigation. However, baseline frequencies suggest
that three years of consecutive non-captures of Burbot would not be expected, therefore more than two years of
consecutive non-captures of Burbot within the confluence sample locations of the reservoir could indicate
additional sampling methods should be employed.
Table 3-17 presents a summary of baseline electrofishing abundance CPUE for confluence and control sites from
2010 to 2016. Table 3-18 provides the comparison of 2020 mean annual electrofishing CPUE to the Grand Mean
baseline values. As shown, CPUE remained within the predicted normal ranges from pre-flooding (Table 3-18)
for most species. Burbot and Lake Chub showed a 2020 mean value beyond (greater than) the predicted normal
pre-flooding range at the reservoir confluence sites.
A total of six species were captured, those not captured within the Muskrat Falls Reservoir tributary confluences
in 2020 included Northern Pike, Pearl Dace, Round Whitefish, Threespine Stickleback, and White Sucker. Similar
to fyke net non-captures, non-captures within the confluences and tributaries are also common. The number of
consecutive years of non-capture for each species will be monitored. The 2021 monitoring year will continue as
Verification/Surveillance sampling.
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Table 3-17: Summary of baseline electrofishing abundance CPUE (fish/300 seconds), 2010-2016
Baseline Monitoring Years
Location

Confluence

Control

Species

2010

2012

2013

2014

2015

2016

0.32
0.00
0.75
0.32
0.00
0.00
0.16
0.00
0.59
0.00
0.33
2.46
-

0.07
0.15
0.00
0.69
0.00
0.00
0.00
0.00
8.32
0.00
0.00
9.23
2.39
0.00
0.00
0.00
1.33
0.00
0.00
0.00
0.80
0.00
0.27
4.77

0.71
0.08
0.64
7.31
0.22
0.00
0.04
0.00
4.50
0.00
1.79
15.29
2.13
0.00
0.16
0.85
0.75
0.00
0.00
0.00
1.03
0.00
0.00
4.93

0.23
0.00
1.40
2.12
3.83
0.00
0.00
0.00
1.99
0.00
0.00
9.56
1.08
0.00
0.00
1.03
0.00
0.00
0.00
0.00
0.28
0.00
0.09
2.47

0.48
0.00
0.00
2.90
0.00
0.00
0.00
0.00
1.35
0.00
0.00
1.78
1.53
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.24
0.00
0.00
1.89

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.69
0.00
0.00
1.69
1.19
0.34
0.30
0.52
0.00
0.10
0.00
0.00
1.96
0.00
0.07
4.49

Brook Trout
Burbot
Lake Chub
Longnose Dace
Longnose Sucker
Northern Pike
Pearl Dace
Round Whitefish
Sculpin
Stickleback
White Sucker
Total
Brook Trout
Burbot
Lake Chub
Longnose Dace
Longnose Sucker
Northern Pike
Pearl Dace
Round Whitefish
Sculpin Species
Stickleback
White Sucker
Total

Baseline
Grand
Mean
0.30 (0.26)
0.04 (0.06)
0.47 (0.57)
2.22 (2.73)
0.68 (1.55)
0.00 (0.00)
0.03 (0.06)
0.00 (0.00)
3.07 (2.89)
0.00 (0.00)
0.35 (0.72)
6.67 (5.58)
1.66 (0.58)
0.09 (0.15)
0.09 (0.14)
0.48 (0.48)
0.42 (0.61)
0.02 (0.05)
0.00 (0.00)
0.00 (0.00)
0.86 (0.70)
0.00 (0.00)
0.09 (0.11)
3.71 (1.42)

Table 3-18: Mean 2020 electrofishing Abundance (CPUE) and non-central test summary (Fobs) to Critical
Interval (F’int)
Confluence Sites
Species
Brook Trout
Burbot
Lake Chub
Longnose Dace
Longnose Sucker
Northern Pike
Pearl Dace
Round Whitefish
Sculpin Species
Stickleback
White Sucker
Total

Mean 2020

FObs

1.12
9.86
3.31
2.60
3.92
0.00
0.00
0.00
5.37
0.00
0.00
26.16

57.62
144,093.30
148.54
0.11
26.36
-2
1.62
-2
3.79
-2
1.46
73.23

Control Sites
Within Normal
Range? (F’int)
Yes (82.5)
No1 (82.5)
No1 (82.5)
Yes (82.5)
Yes (82.5)
Yes
Yes (82.5)
Yes
Yes (82.5)
Yes
Yes (82.5)
Yes (82.5)

Mean 2020

FObs

2.25
11.52
0.19
2.24
3.55
0.00
0.00
0.00
2.99
0.00
0.00
22.73

5.17
29,789.96
2.62
68.70
133.99
1.00
-2
-2
46.13
-2
3.02
896.51

Within Normal
Range? (F’int)
Yes (88.3)
No1 (88.3)
Yes (88.3)
Yes (88.3)
No1 (88.3)
Yes (88.3)
Yes
Yes
Yes (88.3)
Yes
Yes (88.3)
No1 (88.3)

Based on noncentral tests, if Fobs < F’int, mean 2020 value is statistically (α=0.05) within the boundary of the normal range of the baseline Grand Mean
1
2

Significant increase in CPUE compared to baseline
No individuals captured in 2020 nor in any baseline year

Environment & Infrastructure Solutions

woodplc.com

Page 45 of 60

Nalcor Energy
Muskrat Falls Fish Habitat Compensation Monitoring Adaptive Management Trigger Report (Final)
Wood Project #: TF13104119.6700
25 November 2021

Fish Population Health: Condition from Length-Weight Regression
Measurements of fish condition and population structure have been collected from species within the Churchill
River since the 1970s. This considerable collection of data will be augmented and used to predict and monitor
fish species’ health within the Muskrat Falls Reservoir Area. Suitable habitat will produce more fish biomass (i.e. a
greater number of healthier, more robust fish) than will less suitable habitat. A decrease in population-level
condition within a fish species can indicate that the species is less able to adjust to changing habitat and
stresses. This may affect the overall health of a population and its chances of persisting within the reservoir.
A significant reduction in the fish species overall length-weight relationship (condition) will identify an Area or
Species Life Stage of Concern, triggering further investigation that could include:
•

A review of other condition data of similar species in other habitat types within the reservoir area

•

A review of habitat suitability results within the identified Area or Species Life Stage of Concern (TSS, TP,
water depth, velocity, flow, dissolved oxygen)

•

A comparison of condition values between habitat types.

Analysis and sampling are focused on habitats identified within the FHCP predicted to be used by fish, including
nearshore and intermediate main stem (reservoir) habitat, and tributary habitat. The deeper waters of the
Muskrat Falls Reservoir are not included. Two measurements of fish condition can be estimated, one based on a
population-wide parameter (length-weight regression) and one from individual fish (Fulton’s Condition Factor).
Both can provide an indication of fish health that may be more affected by recent behaviour (feeding, migrating,
maturation); however, length-weight regressions provide a population-level trend in fish health that can be
compared among years. The length-weight relationships are estimated as the log-log linear regression for length
on weight for each fish species (Bolger & Connolly, 1989). In fishes, the length-weight relationship, and
logarithmic transformation (Bagenal, 1978) can be represented by the following equations.
𝑤 = 𝑎𝑙 𝑏
𝑙𝑜𝑔(𝑤) = 𝑙𝑜𝑔(𝑎) + 𝑏 × 𝑙𝑜𝑔(𝑙)

w

Weight in grams

l

Length in millimeters

b

An exponent usually between 2 and 4

The slope of the log-log regression line (b) is an estimate of the change in fish condition with length and can be
used as an estimate of overall condition for each species. Direct comparisons of regression equation slopes
among baseline and post-impoundment relationships can be completed to determine if any change occurs.
Length-weight regressions are currently based on fish captured throughout the Muskrat Falls Reservoir Area
since 1998. Table 3-19 provides the baseline regression equations from the Muskrat Falls Reservoir Area that will
be used as predicted values for post-reservoir. As shown, 2020 fish regression slopes remained within the
boundary of normal baseline range from pre-flooding (Table 3-20). The 2021 monitoring year will continue as
Verification/Surveillance sampling.
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Table 3-19: Summary of baseline condition (length-weight regression) for fishes in the Muskrat Falls
Reservoir, 1998-2016
Baseline Grand
Mean

Baseline Monitoring Year

Species
Brook Trout
Burbot
Lake Whitefish
Longnose Sucker
Northern Pike
Ouananiche
Round Whitefish
White Sucker

1998
2.34
2.96
1.95
0.76
1.59

1999
2.88
3.22
2.98
2.56
3.34
3.11

2000
3.14
2.80
3.03
3.09

2010
2.57
3.21
3.11
3.06

2012
2.78
3.53
3.13
2.52
3.12

2013
3.15
3.03
2.70
2.97
3.07
3.50
3.18

2014
3.22
3.72
3.44
3.09
3.04
3.13

2015
3.33
3.04
2.97
3.34
3.08
3.17

2016
2.68
3.23
2.96
2.94
3.18

3.15 (0.17)
2.95 (0.38)
3.10 (0.43)
3.02 (0.07)
2.78 (0.47)
3.08 (-)
2.53 (1.53)
2.96 (0.52)

Table 3-20: Mean 2020 Condition (length-weight regression) for fishes in the Muskrat Falls Reservoir and
non-central test summary (Fobs) to Critical Interval (F’int)
Species

2020 Sample Size

Brook Trout
Burbot
Lake Whitefish
Longnose Sucker
Northern Pike
Ouananiche
Round Whitefish
White Sucker

0
6
8
17
57
0
0
39

Length-Weight Regression
Within Normal Range?
Mean 2020
FObs
(F’int)
-1
4.19
73.52
Yes (80.9)
2.62
8.79
Yes (80.9)
2.93
15.87
Yes (82.7)
3.05
2.48
Yes (80.9)
-1
-1
3.22
2.32
Yes (82.7)

Based on noncentral tests, if Fobs < F’int, mean 2020 value is statistically (α=0.05) within the boundary of the normal range of the baseline Grand Mean
1 No individuals captured in 2020

Fish Growth (Length-at-Age)
Measurements of fish growth have been collected from species within the Churchill River. Suitable habitat will
produce more fish biomass (i.e., a greater number of healthier, more robust fish) than will less suitable habitat. A
decrease in growth rate within a fish species can indicate that fish are less able to adjust to changing habitat and
stresses. This may affect the overall health of a population and its chances of persisting within the reservoir.
A significant reduction in the mean growth rate will identify an Area or Species Life Stage of Concern,
triggering further investigation that could include:
•

A review of other growth data of similar species in other habitat types within the reservoir area

•

A review of habitat suitability results within the identified Area or Species Life Stage of Concern (TSS, TP,
water depth, velocity, flow, dissolved oxygen)

•

A comparison of growth values between habitat types.
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Analysis and sampling are focused on habitats identified within the FHCP predicted to be used by fish, including
nearshore and intermediate main stem (reservoir) habitat, and tributary habitat. The deeper waters of the
Muskrat Falls Reservoir are not included.
Growth rate (length-at-age) data is currently based on bony structure age determination collected from fish
captured throughout the Muskrat Falls Reservoir area since 1998. Length-at-age back-calculations are completed
for each and estimate annual growth rates. These growth rates offer insight into longer-term trends on
population-level growth rates. Length-at-age is calculated using Duncan’s equation to obtain an estimate of the
body-scale constant (Duncan 1980). Back-calculated length-at-age will be used to assess the growth rates at
specific ages and only the last full year of growth from each sample will be used to determine length-at-age to
avoid survival bias of fish during early life stages. Similar to substrate composition which also contains a series of
data points (in this case length at various ages for each species), samples collected pre-inundation will be used
to represent natural, baseline normal ranges or “envelopes” of fish growth length-at-age. Annual length-at-age
from post-inundation samples are compared to the normal baseline ranges.
Table 3-21 provides the baseline fish community length-at-age calculations from the Muskrat Falls Reservoir
Area. The length-at-age envelopes for each species showing the 95% confidence interval for each age are
provided in Figures 3-9 to 3-13. As shown, the majority of the length-at-age measured in 2020 remained within
the predicted normal ranges from pre-flooding for all target species (Table 3-22). The 2021 monitoring year will
continue as Verification/Surveillance sampling.

Table 3-21: Summary of baseline length-at-age (+ confidence limits) within Muskrat Falls Reservoir
Age
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Brook Trout

Lake Whitefish

Lake Trout

106.6 (28.9)
146.4 (3.4)
233.7 (47.2)
281.4 (214.4)
337.6
379.6
-

207.0 (37.9)
254.5 (104.0)
406.1
318.8 (50.5)
324.9 (44.7)
357.8 (18.3)
367.8 (30.5)
369.5
359.0 (51.6)
425.9
395.5 (627.7)
395.0
405.5
380.3
379.0
393.5

-
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Species
Longnose
Sucker
95.8 (7.6)
126.1 (10.5)
160.2 (11)
190.4 (29.3)
208.1 (27.6)
207.1 (11.5)
245.9 (29.6)
283.8 (28.2)
266.3 (15.4)
322.6 (26)
292.2 (0)
326.6 (70.3)
359.5 (15.6)
373.9 (0)
349.4 (118.1)
405.4 (9.3)
415 (38.2)
417.4 (310.7)
385 (0)
385.2 (0)

Ouananiche

Northern Pike

White Sucker

262.1
336.3
473.9
-

218.4
264.5 (215.5)
365.6 (24.0)
511.9 (76.8)
512.3 (166.9)
633.6 (37.7)
608.2 (87.2)
664.7 (181.0)
739 (250.6)
692.9 (87.0)
763.2 (56.3)
733.7 (268.9)
-

88.1 (22.1)
115.8 (52)
186.7 (15.9)
242.2 (27.2)
277.8 (29.5)
341 (28.4)
372.6 (22.9)
390.4 (50.5)
397.8 (55.1)
426.5 (30.6)
453.9
447.1
448.9
423
540.2
442.6
488.7
-
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Table 3-22: Summary of 2020 length-at-age within Muskrat Falls Reservoir
Age
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
1

Brook Trout

1

Lake Whitefish

None captured in 2020

180.9
274.0
278.0
481.8
-

Environment & Infrastructure Solutions

Lake Trout
-

1

Species
Longnose
Sucker
72.9
190.5
160.1
279.8
384.3
347.1
390.9
413.1
428.0
363.2
452.8
-

Ouananiche1

Northern Pike

White Sucker

-

129.0
226.8
365.8
651.1
-

99.8
261.0
310.1
360.6
395.9
360.8
448.5
356.1
441.0
-
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Figure 3-9: Length-at-age envelope, Brook Trout within the Muskrat Falls Reservoir
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Figure 3-10: Length-at-age envelope, Lake Whitefish within the Muskrat Falls Reservoir
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Figure 3-11: Length-at-age envelope, Longnose Sucker within the Muskrat Falls Reservoir
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Figure 3-12: Length-at-age envelope, Northern Pike within the Muskrat Falls Reservoir
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Figure 3-13: Length-at-age envelope, Northern Pike within the Muskrat Falls Reservoir

Fish Stress: Fulton Condition Factor
Measurements of individual fish condition can provide an indication of the health, or robustness, of fish within a
sampled population. A decrease in individual fish condition within a fish species can indicates that fish are less
able to adjust to changing habitat and stresses. This may affect the overall health of an individual and its ability
to grow, survive and potentially reproduce within the reservoir.
A significant reduction in individual condition will identify an Area or Species Life Stage of Concern, triggering
further investigation that could include:
•

A review of other condition data of similar species in other habitat types within the reservoir area

•

A review of habitat suitability results within the identified Area or Species Life Stage of Concern (TSS, TP,
water depth, velocity, flow, dissolved oxygen)

•

A comparison of condition values between habitat types.
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Analysis and sampling are focused on habitats identified within the FHCP predicted to be used by fish, including
nearshore and intermediate main stem (reservoir) habitat, and tributary habitat. The deeper waters of the
Muskrat Falls Reservoir are not included. Individual fish condition factors (Fulton) is calculated by the lengthweight relationship using the formula (Ricker, 1975):
K
Fultons Condition Factor

K=

wt *105
l3

wt

Weight in grams

l

Length in millimeters

Condition data is currently based on fish captured throughout the Muskrat Falls Reservoir area since 1998. Mean
annual condition for each target fish species from post-inundation samples are compared to the normal baseline
ranges. Table 3-23 provides the baseline Fulton’s condition factors from the Muskrat Falls Reservoir Area that
will be used as predicted values for post-reservoir. As shown in Table 3-24, 2020 fish condition factor remained
within the predicted normal ranges from pre-flooding (Table 3-24) for all target species except Longnose Sucker
which was beyond (higher than) its normal baseline range and therefore no further investigation triggered. The
2021 monitoring year will continue as Surveillance/Verification sampling.

Table 3-23: Summary of baseline condition (Fulton’s Condition Factor) for fishes in the Muskrat Falls
Reservoir, 1998-2016

Brook Trout
Burbot
Lake Whitefish
Longnose Sucker
Northern Pike
Ouananiche
Round Whitefish
White Sucker

Baseline Grand
Mean (SD)

Baseline Monitoring Year

Species
1998
1.11
1.14
0.65
1.77
1.51

1999
1.05
1.31
1.11
0.71
0.98
1.39
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2000
0.93
0.54
1.09
1.32

2010
0.61
1.3
1.1
1.45

2012
0.75
1.29
1.08
0.81
1.17

2013
0.94
0.55
1.19
1.05
0.61
0.69
1.18

2014
0.96
0.43
1.25
1.1
0.71
1.27

2015
0.93
0.51
1.07
0.43
1.13
1.13

2016
0.38
1.29
1.07
0.66
1.28

woodplc.com

0.96 (0.05)
0.54 (0.12)
1.25 (0.07)
1.09 (0.03)
0.65 (0.12)
1.13 (-)
1.15 (0.56)
1.30 (0.13)
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Table 3-24: Mean 2020 Fulton Condition Factor for fishes in the Muskrat Falls Reservoir and non-central
test summary (Fobs) to Critical Interval (F’int)
Species

2020 Sample
Size

Mean 2020

Brook Trout
Burbot
Lake Whitefish
Longnose Sucker
Northern Pike
Ouananiche
Round Whitefish
White Sucker

0
6
8
17
57
0
0
39

0.59 (0.16)
1.14 (0.25)
1.26 (0.14)
0.62 (0.02)
1.32 (0.10)

Fulton’s Condition Factor
Within Normal Range?
FObs
(F’int)
-1
1.27
Yes (80.9)
15.24
Yes (80.9)
371.57
No2 (82.7)
0.30
Yes (80.9)
-1
0.21
Yes (82.7)

Based on noncentral tests, if Fobs < F’int, mean 2020 value is statistically (α=0.05) within the boundary of the normal range of the baseline Grand Mean
1 No individuals captured in 2020
2 Fulton Condition Factor in 2020 significantly higher than boundary of normal baseline range

Vegetation Growth
Aquatic vegetation within the Muskrat Falls Reservoir is important habitat for Northern Pike (a large predator),
especially for spawning and rearing of young. Any significant change in the abundance (increase or decrease) in
key predator species may disrupt overall fish species composition, distribution and/or stability. Therefore, any
large-scale change in the abundance and distribution of aquatic vegetation is considered an Early Warning
indicator and must be managed before it results in severe alteration in the fish community structure or
populations within the reservoir. Detection of a significant increase in aquatic vegetation extent or rate of change
will trigger further investigations:
•

Surveys of Northern Pike utilization (particularly spawning) of expanding areas of aquatic vegetation

•

Surveys of fish distribution and growth.

While physical construction of Northern Pike spawning areas has been deferred until the reservoir stabilizes and
the overall need is further assessed, the Muskrat Falls Reservoir currently contains numerous areas of vegetation
“stick-ups” (Figure 3-14). One of the reservoir tributaries identified as possible Northern Pike spawning areas
contain stick-ups (circled areas in Figure 3-14). Measures of vegetation growth are conducted using similar
satellite imagery used for determining changes in overall reservoir extent (Total Reservoir Perimeter) and will
take in the entire Muskrat Falls area. Specifically, each imagery series will be georeferenced and input into GIS so
that the visible areas of aquatic vegetation can be digitized. The boundary of aquatic vegetation is easily
distinguishable from open water within the imagery; any change as vegetation advances or retreats (or maintains
its distribution) is thus easily detected. The spatial extent from each year is analyzed using the overall aquatic
vegetation area.
The initial extent of the 2020 stick-up zones will be used as the extent of possible “vegetated” areas because the
reservoir has not established any known aquatic vegetation areas since flooding in September 2019. However,
subsequent analysis will include stick-up zones as well as areas of known aquatic vegetation as the reservoir
matures and stabilizes. Vegetation analysis is scheduled annually for the first 10 years after inundation.
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As shown in Figure 3-14, no known areas of appreciable aquatic vegetation have yet been identified outside the
flooded tree stick-up zones. Analysis of imagery as well as field surveys will continue annually, and mapping
provided. Monitoring of aquatic vegetation in 2021 will continue as Verification/ Surveillance.
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Figure 3-14: Muskrat Falls Reservoir with stick-up zones (yellow circles indicate Northern Pike spawning areas)
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4.0

SUMMARY

No Indicator Parameters (Verification and Early Warning) monitored in 2020 within the Muskrat Falls Reservoir
were below predicted ranges of values; however, several were higher than predicted ranges of values:
•

Zooplankton biomass within the lower reaches of the reservoir (Lower Brook area),

•

Longnose Sucker Condition (Fulton),

•

Burbot and Lake Chub CPUE (electrofishing), and

•

Benthic Macroinvertebrate biomass (Kick nets).

All indicators will continue to be monitored in 2021. There were some challenges identified in collecting some
samples (e.g., nearshore sediment) due to vegetation remaining relatively stable along the submerged shoreline.
Additionally, Lower Reservoir Reach Transects for water depth and velocity were also not collected due to safety
and unfamiliarity with the reservoir. Greater understanding of reservoir conditions experienced in 2020 will
allow greater survey coverage and data for ongoing monitoring years. Plankton diversity and biomass data is
pending and will be submitted as soon as received from the lab. An overall summary status of each indicator
within the AMP upon completion of the 2020 monitoring year is provided in Table 4-1.

4.1

Recommendations

Greater familiarity gained from the 2020 sampling program within the Muskrat Fall Reservoir by the crew
completing the transect surveys will reduce the safety challenges and uncertainty related to working within the
lower reach of reservoir during future sampling programs. Therefore, a complete set of transect surveys should
be completed in 2021. Additionally, transect sets surveyed should include established (annually repeated)
transects as well as randomly selected transects to provide consistent measures for comparison but also greater
detectability of possible changes in water depth and velocity throughout the reservoir.
COVID restrictions and shutdowns reduced the ability of the plankton lab to complete their 2020 analysis in time
for this submission. Consideration will be given to ship samples as soon as possible after collection so that
analysis can begin sooner.
The shoreline of the reservoir should be surveyed for areas where submerged vegetation is reduced, and a
complete set of nearshore sediment samples collected in 2021.
Since phytoplankton and zooplankton baseline and reservoir analysis lacks the comparability in species/family
resolution, consideration should be given to another metric that provides a reasonable indication of possible
changes in plankton composition. For example, zooplankton biomass has been provided from each lab
subdivided by major taxonomic group across years (Copepods, Branchiopods, and Rotifers). Likewise,
phytoplankton biomass has been provided as subdivided by size class (<0.01mm, 0.01-0.03mm, >0.30mm).
Significant shifts in the relative biomass of zooplankton major taxonomic groups or phytoplankton size classes
could indicate a change in prey composition and availability. A metric of relative biomass change among the
zooplankton and phytoplankton groupings will be investigated and incorporated in the 2021 report.
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Table 4-1:

Summary Status of Verification and Early Warning Indicators, 2020

Monitoring
Function Group

Monitoring
Component

Shoreline stability
Habitat Stability

Sediment
transport

Physico-chemical
characteristics

Habitat Suitability

Biological

Environment & Infrastructure Solutions

Current AMP
Tier Level

Indicator

Triggered
AMP Tier
Level for next
sampling
round

Total reservoir perimeter

Baseline

Surveillance

Unvegetated shoreline

Surveillance

Surveillance

Reservoir bathymetry

Baseline

Surveillance

Velocity/depth profiles

Surveillance

Surveillance

Total suspended solids (TSS)

Surveillance

Surveillance

Shoreline substrate composition

Surveillance

Surveillance

Mid-channel substrate composition

Surveillance

Surveillance

Total phosphorus

Surveillance

Surveillance

Primary productivity

Surveillance

Surveillance

Plankton population dynamics

Surveillance

Surveillance

Zooplankton population dynamics

Surveillance

Surveillance

Benthic macroinvertebrate community structure

Surveillance

Surveillance

Fish CPUE (fyke netting)

Surveillance

Surveillance

Fish CPUE (electrofishing)

Surveillance

Surveillance

Fish Abundance/Presence (electrofishing/fyke)

Surveillance

Surveillance

Fish population health (condition - regression)

Surveillance

Surveillance

Fish growth (Length-at-Age)

Surveillance

Surveillance

Fish stress (condition - Fulton)

Surveillance

Surveillance

Vegetation growth

Baseline

Surveillance

woodplc.com

Page 58 of 60

Nalcor Energy
Muskrat Falls Fish Habitat Compensation Monitoring Adaptive Management Trigger Report (Final)
Wood Project #: TF13104119.6700
25 November 2021

5.0
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APPENDIX A
ANNUAL MONITORING FIGURES

Appendix A
Annual Monitoring Figures

Figure 1: Mean annual chlorophyll concentrations (mg/m3) within the Muskrat Falls Reservoir, 1998-2020
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Figure 2: Inverts Biomass
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Figure 3: Inverts Diversity
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Appendix A
Annual Monitoring Figures

Figure 4: Mean annual fyke net abundance CPUE in the Muskrat Falls Reservoir, 2000-2020
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Figure 5: Mean annual fyke net biomass CPUE in the Muskrat Falls Reservoir, 2000-2020
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Figure 6: Mean annual electrofishing abundance CPUE from confluence sites, 2010-2020
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Figure 7: Mean annual electrofishing abundance CPUE from control sites, 2010-2020
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Appendix A
Annual Monitoring Figures

Figure 8: Annual length-weight regression slopes for fishes in the Muskrat Falls Reservoir, 1998-2020
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Appendix A
Annual Monitoring Figures

Figure 9: Mean annual condition factor for fishes in the Muskrat Falls Reservoir, 1998-2020
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