31 July, 2022

Mason Mantla, Chair
Wek’èezhìi Land and Water Board
#1, 4905-48th Street
Yellowknife, NT, X1A 3S3
Dear Mr. Mantla:
Re: Ekati Diamond Mine Response Plan for Plankton and Benthos Version 3.0
Arctic Canadian Diamond Company Ltd. (Arctic Canadian) is pleased to provide the Wek’èezhìi Land
and Water Board (the Board) with an update to the Response Plan for Plankton and Benthos (the Plan;
Version 3.0). The Plan is written in accordance with the requirements of Water Licence W2020L2-0004
(formerly W2012L2-0001), the Aquatic Response Framework (ARF) and the Board’s Decision issued
on May 4, 2022, regarding the Response Plan for Plankton and Benthos Version 2.01.
On May 4, 2022, Arctic Canadian received the Reasons for Decision from the the Board regarding the
Response Plan for Plankton and Benthos Version 2.0 including the following Directives:


To require Arctic Canadian to submit Version 3.0 of the Plankton and Benthos Response Plan
within 90 days of the Board communicating its decision. Version 3.0 is to include Revisions 1
through 4, and reflect the new 2021 Action Level exceedance for phytoplankton biomass in Kodiak
Lake.

Revisions 1 through 4 are as follows:
1. In Version 3.0 of the Plan, Arctic Canadian is to clarify if the MAL applies to both phytoplankton
biomass or density, or just to biomass. If the MAL applies just to biomass, Arctic Canadian is to
provide proposed medium ALs for phytoplankton density.
2.

In Version 3.0 of the Plan, Arctic Canadian is to include a discussion of how elevated chlorophyll
a concentrations in a lake for up to three years will allow the lake to return to its pre-disturbance
state, along with a discussion on how long it may take for a lake to return to pre-disturbance state.
At minimum, this discussion should include consideration of Cujo Lake and Fay Bay.

3. In Version 3.0 of the Plan, Arctic Canadian is to include a discussion of:
a) If, and why, Arctic Canadian believes a trophic shift could occur under a medium AL exceedance
and/or a high AL exceedance;
b) Rationale for why Arctic Canadian believes the medium AL is conservative enough; and
c) A description of what would be required for Arctic Canadian to determine that a trophic shift has
happened.
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4. In Version 3.0 of the Plan, Arctic Canadian is to include a description of how the medium
phytoplankton biomass and density Action Levels are linked to Significance Thresholds
through the Under-ice Dissolved Oxygen Response Plan.
A summary of concordance with Water Licence W2020L2-0004 requirements and changes from Version
2.0 of the Plan is provided in tables 1-1 and 1-2 of the Plan. The new 2021 Action Level Exceedance for
phytoplankton biomass in Kodiak Lake is likely to be due to natural variability and is not considered to be
a mine-related effect.
Plankton and benthos are closely related to multiple other components of the ARF, including dissolved
oxygen, nutrients, and fish. Root causes and key ecological consequences of changes to the plankton
and benthos are directly assessed by existing Response Plans. The Response Plans function in an
interconnected manner and allow for hierarchical response as effects are observed from abiotic to
biotic variables through the food web and provide a tool for the protection of the aquatic Receiving
Environment at the Ekati Diamond Mine by triggering management actions so that significant adverse
effects do not occur. This Plan and other associated Response Plans are considered appropriate and
sufficient to address Action Level exceedances for biomass, density, and community composition
variables, and no further actions are proposed to be completed at this time.
Arctic trusts that you will find this to be clear and informative. Should you have any questions please
contact Madison Jerhoff, Environmental Advisor – Aquatic Biology at
Madison.Jerhoff@arcticcanadian.ca or 403 910-1933 ext 2407 or the undersigned at Laura
Pacholski@arcticcanadian.ca or 403 910-1933 ext 2404.
Sincerely,

Original signed by Laura Pacholski
Laura Pacholski
Team Lead – Environmental Management & Monitoring
Record #:HSE RCD ENV #1727
Document Owner: Environment Department
Date: 31-July-2022
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY
This report presents Arctic Canadian Diamond Company Ltd.’s (Arctic Canadian’s) Response Plan for
Plankton and Benthos (the Plan), Version 3.0. The Plan is written in accordance with the requirements of
Water Licence W2020L2-0004 (formerly W2012L2-0001) and the Aquatic Response Framework
(ARF; ERM 2021c), and in fulfilment of the Wek’èezhìi Land and Water Board (WLWB; the Board)
Reasons for Decision issued on May 4, 2022, regarding the Response Plan for Plankton and Benthos
Version 2.0 (WLWB 2022).
Version 3.0 of the Plan was written to address revisions that were directed by the Board (WLWB 2022)
and to address the new low Action Level (LAL) exceedances of phytoplankton biomass in Kodiak and
Leslie lakes that were reported in the 2021 Aquatic Effects Monitoring Program (AEMP) Annual Report
(ERM 2022). The LAL exceedances for phytoplankton biomass in Kodiak and Leslie lakes are likely to be
due to natural variability and are not considered to be mine-related effects.
Previously reported and ongoing LAL exceedances for phytoplankton biomass and density increases in
Cujo Lake are likely related to elevated concentrations of macronutrients (phosphorus and/or nitrogen).
Total phosphorus concentrations were elevated in Cujo Lake from 2016 to 2020 while nitrogen compounds
(nitrite-N and nitrate-N) concentrations were also elevated in 2016 but have since decreased, suggesting
that total phosphorus is the main contributor to the observed changes in plankton variables. A key ecological
implication of elevated phytoplankton biomass and density is the potential for increased primary productivity
to stimulate microbial respiration of organic carbon and cause a decline in dissolved oxygen concentrations,
which could adversely affect fish health and survival. The 2021 AEMP Annual Report indicates that
open-water season total phosphorus concentrations in Cujo Lake were below the benchmark though
phytoplankton biomass remained greater than the range observed during baseline years (ERM 2022).
Previously reported and ongoing LAL exceedances include changes in the community composition of
phytoplankton and zooplankton in Leslie and Moose lakes. Changes in community composition can be
related to many factors. In general, taxonomic composition is structured by bottom-up controls (e.g., changes
in nutrient availability or in the availability and/or quality of prey items) or top-down controls (e.g., changes in
predation pressure or food web dynamics). As environmental conditions change, the competitive abilities of
different species (i.e., their ability to acquire resources relative to the other species present) and each
species’ ability to physically tolerate changes in the concentrations of water quality variables (toxicity) can
alter the structure of communities. Community composition can also respond indirectly to changes in
environmental conditions through trophic cascades if other trophic levels are affected.
The evidence suggests that changes in biological communities at the Ekati Diamond Mine, including the
shifts in phytoplankton and zooplankton community composition in Cujo Lake, are related to increasing
concentrations of some water quality variables, including macronutrients. Trophic interactions may also
factor into changes in the composition of primary and secondary producer communities. Ecological
implications of changes in the community composition of plankton and benthos include changes in the
quality or quantity of food available to fish. Observed changes in plankton communities in Cujo and Leslie
lakes may have caused some alteration in Round Whitefish diets, however these did not translate to
observable effects on fish health or population metrics. To date, there is no evidence that monitored fish
communities at the Ekati Diamond Mine have been influenced by changes in the abundances or relative
abundances of their prey.
Plankton and benthos are closely related to multiple other components of the ARF, including dissolved
oxygen, nutrients, and fish. Root causes and key ecological consequences of changes to the plankton and
benthos are directly assessed by existing Response Plans, such as the Response Plan for Nitrogen,
Version 2.2 (ERM 2017b), Response Plan for Under-ice Dissolved Oxygen, Version 1.2 (ERM 2017c), and
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the Response Plan for Total Phosphorus, Version 2.1 (ERM 2021b). The Response Plan for Plankton and
Benthos, Version 3.0 together with these associated Response Plans provide robust and interconnected
management tools and mitigation strategies to protect fish populations and aquatic ecosystems.
It is recommended that plankton and benthos communities continue to be monitored and evaluated in the
annual AEMP and that an update to the Response Plan for Plankton and Benthos be required when a
new Action Level is exceeded. Exceedance of approved Action Levels for biological variables will
continue to be reported to the Board with the AEMP Annual Report, on March 31 each year, as described
in the ARF (ERM 2021c).
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ACRONYMS AND ABBREVIATIONS
Action Level

A predetermined change, to a monitored variable or other qualitative or quantitative
measure, that requires the Licensee to take appropriate actions that may include, but
that are not limited to: further investigations, changes to operations, or enhanced
mitigation measures.

AEMP

Aquatic Effects Monitoring Program

AES

Aquatic Ecology Synthesis

Aquatic
Response
Framework

A systematic approach to responding when the results of a monitoring program
indicate that an Action Level has been reached.

Arctic Canadian

Arctic Canadian Diamond Company Ltd.

ARF

Aquatic Response Framework

BACI

Before-After-Control-Impact

Benthic

Pertaining to the bottom region of a water body, on or near bottom sediments or
rocks.

Benthos

Benthos communities are a group of organisms that live associated with the bottom
of lakes or streams. These communities contain a diverse assortment of organisms
that have different mechanisms of feeding. The term benthos is used
interchangeably with benthic invertebrates in this report. Benthos are an important
food source for fish.

Biomass

The amount of living matter as measured on a weight or concentration basis.
Biomass is an indication of the amount of food available for higher trophic levels. In
the AEMP, phytoplankton biomass is estimated as chlorophyll a and zooplankton
biomass is measured as milligrams of dry weight per cubic metre.

CCA

Canonical Correlation Analysis

CCME

Canadian Council of Ministers of the Environment

Chlorophyll

Chlorophyll is a molecule contained in photosynthetic organisms which is required to
carry out photosynthesis. Chlorophyll a is used as an indicator of phytoplankton
biomass in this report.

Diptera

Refers to a taxonomic order of insects. Dipterans are the true flies, and their larval
stages are a major component of lake and stream benthos communities. Dipterans
are characterized by a single pair of functional wings and include a wide diversity of
species. Diptera include the familiar mosquito and black-fly, and their larvae are an
important food source for fish. Their abundance and diversity can be used as an
indicator of lake or stream water and sediment quality.

Diversity Indices

A calculated parameter describing some aspect of diversity within a community or
ecosystem. Diversity indices are often designed to summarize a specific diversity
feature, such as evenness. In general, a healthy ecosystem will support a variety of
species and have a high diversity index.
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EPT

Ephemeroptera, Plecoptera, Trichoptera; three orders of benthic invertebrates
commonly used in lotic habitats as early indicators of environmental change.

HAL

High Action Level

Invertebrates

Collective term for all animals without a backbone or spinal column.

KPSF

King Pond Settling Facility

LAL

Low Action Level

LLCF

Long Lake Containment Facility

MAL

Medium Action Level

OECD

Organisation for Economic Co-operation Development

PCA

Principal Component Analyses

Photosynthesis

The metabolic process by which carbon dioxide and sunlight are converted to simple
sugars and oxygen. Organisms that photosynthesize contain the molecule chlorophyll.

Phytoplankton

Phytoplankton are microscopic primary producers that live free-floating in water.
Some common types of phytoplankton include diatoms and cyanobacteria.

the Plan

Response Plan for Plankton and Benthos

Primary
Producers

In this report, primary producers refer to organisms that convert sunlight into food
through the process of photosynthesis. Aquatic primary producers include
phytoplankton, periphyton, macrophytes, and submerged vegetation.
Only phytoplankton are examined as part of the Ekati Diamond Mine AEMP.

Response Plan

A part of the Response Framework that describes the specific actions to be taken by
the Licensee in response to reaching or exceeding an Action Level. “A part of the
Response Framework that describes the specific actions to be taken by the Licensee
in response to reaching or exceeding an Action Level” as defined in the Class A
Water Licence (W2020L2-0004).

Secondary
Producers

Secondary producers derive their energy from eating primary producers.
Aquatic secondary producers include zooplankton and some lake and stream
benthic invertebrates.

Shannon Diversity Is an index defined as:
Index (H)
H = -∑pi × ln(pi), where pi is the proportion of the ith species or genera at a sampling
station and ∑ indicates that the pi × ln(pi) is summed over all species or genera.
Simpson’s
Is considered a dominance index because it weights the most abundant species
Diversity Index (D) (represents the probability that two individuals selected at random from the
population are different species or genera) and is defined as:
D = 1 - ∑(pi)2, where pi is the proportion of the ith species or genera at a sampling
station and ∑ indicates that the (pi)2 is summed over all species or genera.
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Trophic Levels

ACRONYMS AND ABBREVIATIONS

Functional classification of organisms in an ecosystem according to feeding
relationships. Primary producers constitute the first trophic level, and convert energy
from the sun into food. All other trophic levels depend upon primary producers for
their food. Secondary producers (or primary consumers) constitute the second
trophic level, and tertiary producers (or secondary consumers) constitute the third
trophic level. In a lake, phytoplankton constitute the first trophic level, zooplankton
and some benthic organisms the second, and fish the third.

WLWB/the Board Wek’èezhìi Land and Water Board
Zooplankton
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INTRODUCTION

INTRODUCTION

This report presents Arctic Canadian Diamond Company Ltd.’s (Arctic Canadian’s) Response Plan for
Plankton and Benthos (the Plan), Version 3.0. The Plan is written in accordance with the requirements of
Arctic Canadian’s Water Licence W2020L2-0004 (formerly W2012L2-0001; Table 1-1) and the Aquatic
Response Framework (ARF; ERM 2021c), and in fulfilment of the Wek’èezhìi Land and Water Board
(WLWB; the Board) Reasons for Decision issued on May 4, 2022, regarding the Response Plan for
Plankton and Benthos, Version 2.0 (WLWB 2022). This Plan, in combination with other Response Plans,
provides a tool for the protection of the aquatic Receiving Environment at the Ekati Diamond Mine by
triggering management actions that significant adverse effects do not occur. The Response Plans
function in an interconnected manner and allow for hierarchical response as effects are observed from
abiotic to biotic variables through the food web.

Table 1-1: Response Plan for Plankton and Benthos, Version 3.0, Concordance with
Water Licence W2020L2-0004 Criteria
Water Licence W2020L2-0004 Criterion

Water Licence
Section

Report
Section

A description of the parameter, its relation to Significance Thresholds, and
the ecological implication of the Action Level exceedance.

Schedule 8, Part J,
Item 4(a)

2.1, 2.4

A summary of how the Action Level exceedance was determined and
confirmed.

Schedule 8, Part J,
Item 4(b)

2.2

A description of likely causes of the Action Level Exceedance and potential
mitigation options if appropriate.

Schedule 8, Part J,
Item 4(c)

2.3

A description of the actions to be taken by the Licensee in response to the Action Level exceedance including:
a justification of the selected action which may include a cost/benefit
analysis;

Schedule 8, Part J,
Item 4(d)(i)

3

a description of timelines to implement the proposed actions;

Schedule 8, Part J,
Item 4(d)(ii)

NA

a projection of the environmental response to the planned actions, if
appropriate;

Schedule 8, Part J,
Item 4(d)(iii)

NA

a monitoring plan for tracking the responses to the actions, if appropriate;
and

Schedule 8, Part J,
Item 4(d)(iv)

NA

a schedule to report on the effectiveness of actions and to revise the
AEMP Plan as required.

Schedule 8, Part J,
Item 4(d)(v)

4

Schedule 8, Part J,
Item 4(e)

NA

Any other information that is necessary to assess the response to an Action
Level exceedance or that has been requested by the Board.
Notes: NA = not applicable.

Table 1-2: Response Plan for Plankton and Benthos, Version 3.0, in Concordance with
WLWB Directives on Version 2.0
WLWB Directive, May 4, 2022 (WLWB 2022)

Report Section

2. To require Arctic Canadian to submit Version 3.0 of the Plankton and Benthos Response
Plan within 90 days of the Board communicating its decision. Version 3.0 is to include
Revisions 1 through 4, and reflect the new 2021 Action Level exceedance for phytoplankton
biomass in Kodiak Lake.
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WLWB Directive, May 4, 2022 (WLWB 2022)

Report Section

Revision #1: In Version 3.0 of the Plan, Arctic Canadian is to clarify if the MAL applies to both
phytoplankton biomass or density, or just to biomass. If the MAL applies just to biomass,
Arctic Canadian is to provide proposed medium ALs for phytoplankton density.

2.2.1

Revision #2: In Version 3.0 of the Plan, Arctic Canadian is to include a discussion of how
elevated chlorophyll a concentrations in a lake for up to three years will allow the lake to
return to its pre-disturbance state, along with a discussion on how long it may take for a lake
to return to pre-disturbance state. At minimum, this discussion should include consideration
of Cujo Lake and Fay Bay.

2.2.1

Revision #3: In Version 3.0 of the Plan, Arctic Canadian is to include a discussion of:
a. If, and why, Arctic Canadian believes a trophic shift could occur under a medium
AL exceedance and/or a high AL exceedance;
b. Rationale for why Arctic Canadian believes the medium AL is conservative enough; and
c. A description of what would be required for Arctic Canadian to determine that a trophic
shift has happened.

2.2.1

Revision #4: In Version 3.0 of the Plan, Arctic Canadian is to include a description of how the
medium phytoplankton biomass and density Action Levels are linked to Significance
Thresholds through the Under-ice Dissolved Oxygen Response Plan.

1.1

2.4

Plan History

Version 1.0 of the Response Plan for Plankton and Benthos Community Composition was submitted in
April 2016 to address Low Action Level (LAL) exceedances for phytoplankton, zooplankton, and benthos
community composition in the Koala Watershed and for benthos in the King-Cujo Watershed.
The Response Plan, Version 1.0, indicated that the strongest evidence suggested that the changes were
related to increasing concentrations of some water quality variables, including macronutrients, but that
trophic interactions may also factor into the changes. Version 1.0 proposed two desktop studies to
investigate the changes: 1) the Aquatic Ecology Synthesis (AES) study to improve understanding of the
changes in plankton communities and the drivers of those changes and 2) a Canonical Correlation
Analysis (CCA) that would investigate the relationship between benthic invertebrate communities and
sediment quality. Version 1.0 also proposed the Response Plans for nitrogen and total phosphorus as
actions to address the LAL exceedance given that the strongest evidence pointed to macronutrients as a
likely source of the change. A Medium Action Level (MAL) was also proposed in the Version 1.0.
The Board provided their Decision on Version 1.0 on July 25, 2016. The Board did not approve Version
1.0 and directed Arctic Canadian to provide Version 1.1 by December 31, 2016. The Board required that
Version 1.1 include both MAL and High Action Level (HAL) definitions as well as any other relevant
updates. Arctic Canadian subsequently requested and was granted an extension to three weeks after the
Decision on the 2015 Aquatic Effects Monitoring Program (AEMP) Re-evaluation so that Version 1.1 and
proposed Action Levels could align with the revised AEMP. The Decision on the 2015 AEMP Reevaluation was received on February 27, 2017.
Version 1.1 of the Response Plan for Plankton and Benthos Community Composition was submitted in
March 2017. Version 1.1 indicated that the LAL exceedances identified in 2015 for phytoplankton in
Leslie, Moose, and Kodiak lakes, and zooplankton in Leslie and Moose lakes were also present in 2016
but that the changes in benthos communities were unlikely related to the mine and therefore were no
longer considered to have exceeded the LAL. Version 1.1 indicated that the results of the 2015 and 2016
AEMPs and the AES study completed in 2016 suggest that there may be a stabilization of the changes
observed in the plankton communities downstream of the Long Lake Containment Facility (LLCF).
Therefore, it was recommended that plankton and benthos communities continue to be monitored and
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evaluated in the annual AEMP. Both MAL and HAL definitions were proposed. Version 1.1 was approved
by the Board on July 20, 2017.
Following their review of the 2020 AEMP Annual Report, the Board issued their Reasons for Decision on
August 24, 2021, including Directives for Arctic Canadian to submit a Response Plan to address the
phytoplankton biomass and phytoplankton density Action Level exceedances in Cujo Lake and Fay Bay
observed in 2020 and to update the Response Plan for Plankton and Benthos Community Composition to
address the zooplankton community composition LAL exceedance in Cujo Lake in 2020. Version 2.0
included proposed MAL and HAL for phytoplankton biomass and density and was submitted in October
2021. Version 2.0 was approved by the Board on May 4, 2022 with direction for the 2022 AEMP Annual
Report and revisions for inclusion in submission of Version 3.0 within 90 days.
Version 3.0 of the Response Plan for Plankton and Benthos was written in response to the Directive to
complete revisions from the Board, as described in Table 1-2. Version 3.0 also addresses the LAL
exceedance for phytoplankton biomass observed for the first time in Kodiak and Leslie lakes during the
2021 AEMP open-water season.
Table 1.1-1 provides a summary of the changes made to the Plan since Version 2.0, with this submission
of Version 3.0.

Table 1.1-1: Summary of Changes from Version 2.0
Report Section

Description of Change

1. Introduction

General updates.

2.1. Description of Variable

No material changes.

2.2. Determination and
Confirmation of Action Level
Exceedance

Updated to include approved MAL and HAL for phytoplankton biomass and
density, to address Board directed Revisions #1 to #3, and a reorganisation and
updating with the most recently observed Action Level exceedances identified in
2021 AEMP.

2.3. Likely Cause of Action
Level Exceedance

Updated discussion to include likely cause(s) of phytoplankton biomass and
density Action Level exceedances observed in 2021 in Kodiak and Leslie lakes.

2.4. Ecological Implications
of Action Level Exceedance
and Relation to Significance
Thresholds

Updated discussion to include ecological implications of biomass and density
Action Level exceedances and to address Board directed Revision #4. Updated
discussion of ecological implications of zooplankton and phytoplankton community
shifts to include recent information.

3. Response Actions

Removed proposed MAL and HALs for phytoplankton biomass and density. The
approved MAL and HALs are presented in Section 2.2.1.

3.4. Response Plan for Total
Phosphorus

Minor update to document approval of Version 2.1 of the Response Plan for Total
Phosphorus.

3.5. Response Plan for
Dissolved Oxygen

Minor update to document ongoing lake aeration efforts in Cujo Lake.

3.6. Potential Actions

Potential actions if a MAL or HAL for phytoplankton biomass or density are
exceeded, as described in Section 3.6 of version 2.0

4. Schedule and
Recommended Next Steps

Revised schedule and recommended next steps.
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1.2

INTRODUCTION

Report Structure

This report is divided into the following four sections:


Section 1: Provides the concordance of the contents of this Response Plan with Water Licence
(W2020L2-0004) criteria (Table 1-1), Board Directives on Version 2.0 (Table 1-2), and summarizes
changes made from Version 2.0 (Table 1.1-1).



Section 2: Provides background information including a description of primary and secondary
producers and factors that could affect biomass, density, and community composition biological
indicators; and the determination and confirmation of the Action Level exceedances. Provides a
discussion of the likely cause of the Action Level exceedances, the ecological significance of the
Action Level exceedances, and the potential influence of the Action Level exceedance on
Significance Thresholds.



Section 3: Outlines the completed response actions to address the observed Action Level
exceedances.



Section 4: Provides a schedule and recommendation for the next steps.
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2.

BACKGROUND

2.1

Description of Variable

BACKGROUND

Primary producers are organisms that use energy from sunlight to convert carbon dioxide into simple
sugars and oxygen through the process of photosynthesis to form the basis of the food web. In aquatic
environments, primary producers include phytoplankton, periphyton, macrophytes and submerged
vegetation. Phytoplankton are microscopic organisms that live free-floating in the water column.
Generally, the most common phytoplankton phyla in monitored and reference lakes at Ekati Diamond
Mine are Cyanophyta (commonly called cyanobacteria or blue-green algae), Chlorophyta (chlorophytes or
green algae), Bacillariophyta (diatoms), Chrysophyta (golden algae) and Cryptophyta (cryptomonads;
ERM 2016b). Phytoplankton are useful indicators of change because they have rapid generation times
(from hours to days), and are sensitive to physical, chemical, and biological stressors (environmental
change). Previous research has shown that phytoplankton are some of the most susceptible organisms to
toxins in lakes (SENES Consultants 2008). Phytoplankton are also indicators of eutrophication, a
phenomenon whereby inputs of a growth-limiting nutrient (such as phosphorus or nitrogen) to a
waterbody causes excessive algal growth. Nutrient enrichment can lead to a decrease in dissolved
oxygen concentrations in a waterbody because the increase in primary production fuels microbial
respiration of organic carbon. The introduction of a toxin might lead to the inhibition of phytoplankton
growth, while the introduction of nutrients might lead to the stimulation of phytoplankton growth.
Such environmental changes may also cause community shifts because the response of phytoplankton
can be species-specific. Thus, phytoplankton biomass (as measured by the concentration of the
photosynthetic pigment chlorophyll a), phytoplankton density (cells/mL), diversity (Shannon and
Simpson’s diversity indices), and community composition are evaluated as part of the Ekati Diamond
Mine AEMP to determine whether mine activities are affecting phytoplankton communities. Edible and
non-edible phytoplankton densities (cells/mL) are evaluated as part of the Ekati Diamond Mine AEMP to
provide information on how changes to phytoplankton communities could affect secondary producers.
Secondary producers are aquatic organisms that consume primary producers and act as prey for higher
trophic levels such as fish. Aquatic secondary producers include zooplankton and benthic invertebrates.
Zooplankton are small animals that live in the water column and play an important role in the aquatic food
web. Zooplankton feed on phytoplankton or other zooplankton and serve as an important food source for
fish. Zooplankton monitoring can be used to help determine the extent to which environmental changes
have cascaded through the food web. Phytoplankton populations may appear to be suppressed despite
increases in overall phytoplankton productivity due to the consumption of phytoplankton by zooplankton.
Consequently, changes in the overall productivity may not be reflected in phytoplankton populations, but
may be indicated by increases in zooplankton densities or changes in zooplankton community composition.
Zooplankton community composition can also be used as an indicator of changes in water quality in the
Receiving Environment because different species occupy different water chemistry niches and have
different tolerances to changes in water quality. Zooplankton biomass (mg dry weight/m3), total, rotifer,
and adult crustacean densities (organisms/m3), diversity, and community composition are monitored as
part of the AEMP to detect potential mine-related effects and to understand the potential for impacts to
higher trophic levels. The most common zooplankton taxa observed in lakes near the Ekati Diamond
Mine are Copepoda (copepods) and Rotifera (rotifers), with Cladocera (cladocerans) generally making up
a minor fraction of the overall community assemblage.
Benthic invertebrates reside in the benthic region (the bottom) of lakes and streams. These secondary
producers feed on organic matter, primary producers, or other secondary producers, and are an important
food source for fish in freshwater systems. Benthic invertebrates contain a diverse assortment of
organisms that have different mechanisms of feeding. Benthic invertebrate assemblages in monitored
lakes and streams of the Ekati Diamond Mine are typically dominated by Diptera (dipterans), though
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Mollusca (molluscs) are also important in lakes and Ephemeroptera, Plecoptera, and Trichoptera (EPT)
are important in streams. Dipterans (true flies) and EPT taxa are widely used as indicators of ecosystem
health, including sediment quality. Lake and stream benthos density (organisms/m2) and dipteran
diversity and community composition are evaluated as part of the AEMP for potential mine-related effects.
Stream benthos EPT diversity and community composition are also evaluated as part of the AEMP for
potential mine-related effects.
Changes in biomass, density, and community composition of primary and secondary producers in aquatic
systems can be related to many factors. In general, these indicators are structured by bottom-up controls
(e.g., changes in nutrient availability or in the availability and/or quality of prey items) or top-down controls
(e.g., changes in predation pressure or food web dynamics). As environmental conditions change, the
competitive abilities of different species (i.e., their ability to acquire resources relative to the other species
present) and each species’ ability to physically tolerate changes in the concentrations of water quality
variables (toxicity) can alter the structure of communities. Biomass, density, and community composition
can also respond indirectly to changes in environmental conditions through trophic cascades if other
trophic levels are affected.

2.2

Determination and Confirmation of Action Level Exceedance

2.2.1

Biomass and Density

The LAL for phytoplankton, zooplankton, or benthos biomass or total density variables and the MAL and HAL
for phytoplankton biomass and total density have been defined and approved as outlined in Table 2.2-1.
The MAL and HAL for phytoplankton biomass and total density are specific to increases in phytoplankton
biomass and/or density. If phytoplankton biomass and/or density decrease to below the lower benchmark
and exceeds the LAL, a MAL specific to a decrease would be developed.

Table 2.2-1: Summary of Phytoplankton, Zooplankton, or Benthos Biomass and Density
Action Levels
Action
Level
Low

Medium

www.erm.com

Variable

Condition #

Phytoplankton,
zooplankton, and
benthos biomass
or total density

L1

Based on AEMP methods for determining mine-related effects
for phytoplankton, zooplankton, and benthos biomass or total
density, a statistically significant difference from a slope of zero
or reference conditions in at least two reference lakes, or a
statistically significant Before-After-Control-Impact interaction is
concluded for a near-field site.

L2

Using the biological benchmarks based on upper and lower
quantiles (p = 0.05) of the fitted distributions, the average of the
biological variable being assessed is less than the lower
benchmark or greater than the upper benchmark for the current
AEMP year and the previous two years at any near-field site.

M1

The LAL for phytoplankton biomass or total density is met
(conditions L1 and L2).

M2

The exceedance of the LAL is due to an exceedance of the
upper benchmark for phytoplankton biomass or total density.

M3

The average open-water season chlorophyll a concentration is
higher than the maximum value listed in Table 2.2-3 for the
current AEMP year at any near-field site.

Phytoplankton
biomass or total
density1
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Action
Level
High

1

BACKGROUND

Variable

Condition #

Condition

Phytoplankton
biomass or total
density1

H1

The MAL for phytoplankton biomass is met (conditions M1, M2,
and M3).

H2

The average open-water season chlorophyll a concentration is
higher than the maximum value listed in Table 2.2-3 for the
current AEMP year and the previous two years at any near-field
site.

See Appendix A for a discussion regarding nutrient enrichment and phytoplankton cell density.

Benchmarks for biological variables were developed by identifying reasonable normal ranges based on
reference and baseline conditions. The benchmarks are based on modelled distributions of baseline and
reference lake observations and the probability of observations occurring within the lower and upper
extremes of these modelled distributions. A p value of 0.05 for both the upper and lower quantiles of the
best fit distribution were used to calculate the benchmark for each variable. Benchmarks are set as a range,
meaning that if an observation is less than the lower benchmark or greater than the upper benchmark, the
benchmark is exceeded (ERM 2021c). The calculated quantiles at p = 0.05 represent a 1 in 20 probability
that an observation is less than the benchmark by chance alone, or a 1 in 20 chance that an observation is
greater than the benchmark by chance alone. Therefore, the benchmark is expected to be exceeded due to
natural variability in 5% of samples assuming no change to background conditions over time.
The MAL and HAL for phytoplankton biomass and total density are based on the total phosphorus
benchmark for each lake, and the corresponding maximum phytoplankton biomass that would be
expected based on the Organisation for Economic Co-operation Development (OECD) trophic
classification for each lake (Table 2.2-2; Vollenweider and Kerekes 1982; Environment Canada 2004).
The OECD trophic status classifications are widely accepted in the scientific community as standards,
and the Canadian Council of Ministers of the Environment (CCME) trigger ranges for phosphorus are
based on these OECD classifications (with an additional subdivision added; CCME 2004; Environment
Canada 2004). As part of the AEMP, phytoplankton biomass (as chlorophyll a) is measured in August
when primary production is expected to be at, or near, maximum levels because light availability and
water temperatures during the open-water season promote higher rates of photosynthesis than during the
ice-covered season. Shortreed and Stockner (1986) found that phytoplankton biomass (as chlorophyll a)
peaked during August in subarctic lakes in the Yukon and similar patterns are expected for lakes in the
Ekati Diamond Mine area.

Table 2.2-2: Trophic Classification of Lakes, with Corresponding Total Phosphorus and
Chlorophyll a Concentrations
Trophic Level
Source:

Total Phosphorus (mg/L)

Mean Chlorophyll a
(µg/L)

Maximum
Chlorophyll a (µg/L)

Wetzel (2001)

Vollenweider and
Kerekes (1982)

Ultra-oligotrophic

< 0.005

< 0.004

<1

< 2.5

Oligo-mesotrophic

0.005 to 0.010

0.004 to 0.010

< 2.5

<8

Meso-eutrophic

0.010 to 0.030

0.010 to 0.035

2.5 to 8.0

8.0 to 25

Eutrophic

0.030 to 0.100

0.035 to 0.100

8.0 to 25

25 to 75

< 0.100

< 0.100

> 25

> 75

Hypereutrophic

Vollenweider and Kerekes (1982)

Note: Source is Environment Canada (2004).
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Table 2.2-3 provides the lake-specific phosphorus benchmark for each AEMP near-field and reference
lake, and the corresponding maximum chlorophyll a concentration that would be expected for that total
phosphorus concentration based on OECD trophic classification. For total phosphorus benchmarks that
are at the limit of the range of a trophic classification, the maximum chlorophyll a concentration
associated with the lower (i.e., more conservative) trophic classification is used to assess whether a MAL
or HAL is exceeded. By satisfying conditions M1, M2, and M3 (Table 2.2-1), a MAL would be triggered
because a sustained increase in phytoplankton biomass would have occurred (M1 and M2) and the current
phytoplankton biomass would be beyond the range that would be expected for the corresponding total
phosphorus benchmark applicable to that lake (M3). However, natural variability may also result in a
short-term increase in chlorophyll a concentrations above the expected maximum and exceeding the MAL
would not be considered a change in trophic level. To account for trophic level concepts and natural
variability (i.e., a single elevated chlorophyll a concentration does not necessarily indicate a change in
trophic level), the HAL requires a sustained increase (i.e., three consecutive years) in chlorophyll a
concentrations beyond the range that would be expected for the corresponding total phosphorus
benchmark applicable to that lake. This definition of a sustained increase aligns with that used for the
Response Plan for Total Phosphorus MAL and HAL (ERM 2021b) and is considered appropriate given that
total phosphorus is the primary cause of increased phytoplankton biomass (see Section 2.3). Under a HAL,
a sustained increase (i.e., three consecutive years) in phytoplankton biomass beyond the lake-specific
maximum chlorophyll a concentration will have occurred and will be considered a change in trophic level
for the purpose of the Plan.

Table 2.2-3: Total Phosphorus Benchmarks for ARF Near-field Lakes and Reference
Lakes, and Corresponding Maximum Chlorophyll a Concentrations
Total Phosphorus
Benchmark (mg/L)

OECD Trophic Classification
from Vollenweider and
Kerekes (1982)

Upper Limit of Corresponding
Maximum Chlorophyll a
Concentration (µg/L)

Nanuq

0.0025

Ultra-oligotrophic

2.5

Counts

0.0100

Oligo-mesotrophic

8

Vulture

0.0043

Oligo-mesotrophic

8

Northeast

0.0073

Oligo-mesotrophic

8

Kodiak

0.0180

Meso-eutrophic

25

Leslie

0.0096

Oligo-mesotrophic

8

Moose

0.0077

Oligo-mesotrophic

8

Cujo

0.0100

Oligo-mesotrophic

8

Fay Bay

0.0100

Oligo-mesotrophic

8

Horseshoe

0.0090

Oligo-mesotrophic

8

Lake

Trophic classification trigger ranges differ from those established for other contaminants (e.g., metals) where
thresholds are derived based on toxic effects. Environment Canada (2004) describes difficulties in defining
impairment of aquatic ecosystems due to changes in trophic level indicator variables because of subjective
perceptions (e.g., aesthetics) or differing societal values. For example, some segments of society may
prefer lower productivity and greater water clarity for perceived aesthetic and recreational value, while other
segments may prefer higher productivity for perceived benefits to fish production. Therefore, a change in
trophic status as defined by the OECD trophic classification or CCME trigger ranges for total phosphorus
does not necessarily indicate adverse effects to the lake ecosystem and the MAL and HAL are considered
appropriately conservative. Ultimately, all the Response Plans function in an interconnected manner and
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allow for hierarchical response as effects are observed from abiotic to biotic variables through the food web.
In the case of an increase in phytoplankton biomass, the primary concern is a decrease in under-ice
dissolved oxygen concentrations which would be identified by AEMP monitoring, ARF reporting, and, if
necessary, addressed through the Response Plan for Under-ice Dissolved Oxygen (ERM 2017c).
Although, a sustained increase in phytoplankton biomass over three years could indicate that a change in
trophic level may have occurred, it is unlikely that an increase in trophic level (i.e., higher phytoplankton
biomass) would be irreversible. There is strong evidence that nutrient enrichment effects are reversible
through the reduction of anthropogenic nutrient inputs (Schindler 2012). The timeframe required for
restoration of phytoplankton biomass to acceptable levels after nutrient inputs have been reduced is
challenging to predict because the recovery can be affected by factors like internal phosphorus load,
water residence time, morphology, and regional changes in climatic conditions (Jeppesen et al. 2007,
Scheffer and van Nes 2007, Schindler 2012). However, no increases in sediment nutrient concentrations
(i.e., available phosphorus, total nitrogen, and total organic carbon) have occurred in the AEMP lakes
(ERM 2022) indicating that the reservoir of nutrients available for internal loading has not been affected
by mine-related activities and the potential for internal nutrient loading is unchanged. Therefore, external
nutrient inputs are expected to be the main driver of phytoplankton biomass. Water residence times for
AEMP lakes are relatively short (i.e., are flushed relatively quickly: range = 16 to 68 days for lakes
downstream of the LLCF; ERM 2020a), suggesting that nutrient concentrations in AEMP lakes would
likely respond rapidly to decreased nutrient inputs. Historically, elevated phytoplankton biomass has been
linked to elevated nutrient concentrations in AEMP lakes (e.g., Kodiak Lake in 1998), and elevated
phytoplankton biomass decreased rapidly in response to decreased nutrient concentrations. Overall, the
evidence suggests that elevated phytoplankton biomass in AEMP lakes is reversible through the
reduction of nutrient inputs.

2.2.1.1

Action Level Exceedances

Action Level exceedances for plankton and benthos variables are summarized in Table 2.2-4. The 2019
AEMP Annual Report concluded that phytoplankton biomass in Cujo Lake exceeded the LAL (ERM
2020a). This exceedance was addressed in the Response Plan for Total Phosphorus, Version 2.0 (ERM
2020b), because the elevated total phosphorus concentration in Cujo Lake may have caused the
phytoplankton biomass LAL exceedance. The results of the 2020 AEMP Report indicated that a LAL
exceedance occurred for phytoplankton biomass in both Cujo Lake and Fay Bay, and for phytoplankton
density in Cujo Lake (ERM 2021a). The results of the 2021 AEMP Annual Report indicated that a LAL
exceedance occurred for phytoplankton biomass in Kodiak and Leslie lakes for the first time, and the LAL
for phytoplankton biomass and density in Cujo Lake continued to be exceeded (Table 2.2-4).
In Fay Bay, the 2020 AEMP Annual Report showed that there was a statistically significant difference in
chlorophyll a concentrations between before (i.e., 1994 to 2007) and after (i.e., 2014 to 2020) periods
according to the Before-After-Control-Impact model (ERM 2021a). Similar trends were observed in
one reference lake, Counts, and no changes in nutrient concentrations were observed during the after
period in Fay Bay thus, the LAL was exceeded but no mine-related effects for chlorophyll a were concluded.
The mean August 2020 phytoplankton biomass of 1.93 µg chl a/L exceeded the upper benchmark
(1.46 µg chl a/L at the time of assessment; the currently approved benchmark is 1.29 µg chl a/L), and this
benchmark was also exceeded in 2018 and 2019 (Figure 2.2-1; ERM 2021a). Thus, the LAL for
phytoplankton biomass was exceeded in Fay Bay in 2020. The MAL and HAL for phytoplankton biomass
were not exceeded in Fay Bay, as the 2020 mean chlorophyll a concentration did not exceed 8 µg chl a/L
(see Section 2.2.1). Phytoplankton was not monitored in the Pigeon-Fay and Upper Exeter Watershed lakes
in 2021; it is scheduled to be monitored next in 2023.
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Table 2.2-4: Summary of Action Level Exceedances for Plankton and Benthos Variables at Near-field ARF Sites since 2015
Biological Variable

Variable
Group

Koala Watershed

King-Cujo Watershed

Pigeon-Fay and Upper
Exeter Watershed

Horseshoe Watershed

LAL Exceedance

LAL Exceedance

LAL Exceedance

LAL Exceedance

Phytoplankton
Biomass
(as chlorophyll a)

General

2021 (Kodiak, Leslie)N

2019 (Cujo)
2020 (Cujo)
2021 (Cujo)

2020 (Fay Bay)N

None

Density

General

None

2020 (Cujo)N
2021 (Cujo)

None

None

Community
composition

Community

2015 (Kodiak, Leslie, Moose)
2016 (Kodiak, Leslie, Moose)
2017 (Kodiak, Leslie, Moose)
2018 (Kodiak, Leslie, Moose)
2019 (Leslie, Moose)
2020 (Leslie, Moose)
2021 (Leslie, Moose)

None

None

None

Diversity

Community

None

None

None

None

Biomass

General

None

None

NA

None

Density

General

None

None

NA

None

Community
composition

Community

2015 (Moose)*
2016 (Leslie, Moose)
2017 (Leslie, Moose)
2018 (Leslie, Moose)
2019 (Leslie, Moose)
2020 (Leslie, Moose)
2021 (Leslie, Moose)

2020 (Cujo)
2021 (Cujo)

NA

None

Diversity

Community

None

None

None

None

Zooplankton
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Biological Variable

Variable
Group

BACKGROUND

Koala Watershed

King-Cujo Watershed

Pigeon-Fay and Upper
Exeter Watershed

Horseshoe Watershed

LAL Exceedance

LAL Exceedance

LAL Exceedance

LAL Exceedance

General

None

None

NA

None

Dipteran
community composition

Community

None**

None**

NA

None

Dipteran diversity

Community

None

None

NA

None

General

None

None

NA

None

Lake Benthos
Density

Stream Benthos
Density

Notes:
NA = not applicable
‘None’ indicates that there were no Action Level exceedances identified.
N indicates no mine-related effect was concluded in the AEMP.
* Version 1.0 of this plan indicated that zooplankton community composition exceeded the LAL in Kodiak Lake in 2015; however, the LAL for zooplankton
community composition is no longer considered to be met in Kodiak Lake (see Section 2.2.2.1).
** Version 1.0 of this plan indicated that lake benthos dipteran community composition exceeded the LAL in Koala and King-Cujo watershed lakes in 2015;
however, the LAL is no longer considered to have been met for lake benthos community composition in either watershed (see Section 2.2.2.1).
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Notes: Symbols represent observed values.The positions of data along the x-axis have been adjusted for legibility.
Solid lines represent fitted values based on the site by period from the model. Error bars indicate 95% confidence intervals.
Modelled log-10 transformed values were converted back to natural scale.
Benchmark = 0.06 to 1.46 μg/L

Figure 2.2-1: Chlorophyll a Concentrations Observed and Fitted Means for
Reference Lakes and Fay Bay in the Pigeon-Fay Watershed,
1994 to 2020
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In Kodiak Lake, a statistically significant change was detected for phytoplankton biomass relative to the
reference lakes in 2021 and mean phytoplankton biomass has exceeded the upper benchmark of 1.29 µg
chl a/L since 2017 (Figure 2.2-2; ERM 2022). Based on the MAL and HAL for phytoplankton biomass, the
mean 2021 chlorophyll a concentration in Kodiak Lake (3.24 µg chl a/L) did not exceed the maximum
concentration of 25 µg chl a/L (see Section 2.2.1) thus only the LAL was exceeded. Although the LAL was
exceeded, no mine-related effects were concluded for phytoplankton biomass in Kodiak Lake in the 2021
AEMP (ERM 2022). In recent years, nutrient concentrations have been low in Kodiak Lake and a similar
trend in chlorophyll a concentrations has been observed in one reference lake, Counts. The statistically
significant trend is likely influenced by different shape of the modelled fit in Kodiak Lake relative to the
reference lakes due to elevated concentrations observed in early monitoring years, when there was the
potential for effects in Kodiak Lake due to Construction and flushing of the PDC and the Discharge of
treated Sewage effluent.
In Leslie Lake, a statistically significant change was detected for phytoplankton biomass relative to the
reference lakes in 2021 (ERM 2022). Mean phytoplankton biomass in Leslie Lake has exceeded the
upper benchmark of 1.29 µg chl a/L since 2019 (Figure 2.2-2). Based on the MAL and HAL for
phytoplankton biomass, the mean 2021 chlorophyll a concentration in Leslie Lake (1.4 µg chl a/L) did not
exceed the maximum concentration of 8 µg chl a/L (see Section 2.2.1) thus only the LAL was exceeded.
Although the LAL was exceeded, no mine-related effects were concluded for phytoplankton biomass in
Leslie Lake in the 2021 AEMP (ERM 2022). The statistically significant result for Leslie Lake may be due
to the lack of early monitoring period data because chlorophyll a concentrations in Leslie Lake have been
similar to the reference lakes since monitoring began.
In Cujo Lake, a statistically significant change over time was detected in both phytoplankton biomass and
total phytoplankton density in Cujo Lake relative to the reference lakes and the 2021 AEMP Annual
Report concluded the changes were mine-related effects (ERM 2022). Mean phytoplankton biomass in
Cujo Lake has exceeded the upper benchmark of 1.29 µg chl a/L since 2017 (Figure 2.2-3) and mean
phytoplankton density has exceeded the upper benchmark of 5,300 cells/mL since 2018 (Figure 2.2-4;
ERM 2022). Based on the MAL and HAL for phytoplankton biomass and total density, the mean 2021
chlorophyll a concentration in Cujo Lake (6.02 µg chl a/L) did not exceeded the maximum concentration
of 8 µg chl a/L (see Section 2.2.1) thus only the LAL was exceeded.

2.2.2

Community Composition

The LAL for phytoplankton, zooplankton, or benthos community composition or diversity variables and the
MAL and HAL for phytoplankton, zooplankton, or lake benthos community composition have been defined
and approved as outlined in Table 2.2-5.
The MAL for phytoplankton, zooplankton, or lake benthos community composition is exceeded when
conditions M1, M2, and M3 are met (Table 2.2-5). By satisfying all three conditions, a MAL would be
triggered when changes to the primary or secondary producer communities could begin to affect the
quantity or quality of food available to fish. The lower range of baseline data corresponds to the lower
10% quantile of communities observed prior to mine development (i.e., baseline years), when considering
the availability of baseline observations of edible phytoplankton, crustacean zooplankton, and dipteran
benthos density. This lower range was considered an effective threshold because it incorporates
observed conditions associated with natural aquatic food webs.
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Notes: Symbols represent observed mean values. Solid lines represent fitted curves.
Error bars indicate upper and lower 95% confidence intervals of the fitted means.
Modelled log-transformed values were converted back to natural scale.
Benchmark= 0.05 - 1.29 μg/L.

Figure 2.2-2: Chlorophyll a Concentrations Observed and Fitted Means
for Reference Lakes and Kodiak and Leslie Lakes in the
Koala Watershed, 1994 to 2021
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Figure 2.2-3: Chlorophyll a Concentrations Observed and Fitted Means for
Reference Lakes and Cujo Lake in the King-Cujo Watershed,
1994 to 2021
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Figure 2.2-4: Total Phytoplankton Density Observed and Fitted Means for
Reference Lakes and Cujo Lake in the King-Cujo Watershed,
1996 to 2021
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Table 2.2-5: Summary of Phytoplankton, Zooplankton, or Benthos Community
Composition or Diversity Action Levels
Action
Level
Low

Medium

High

Variable

Condition #

Condition

Phytoplankton,
zooplankton, or
benthos community
composition or
diversity

L1

Based on AEMP methods for determining mine-related effects
for phytoplankton, zooplankton, and benthos diversity and
community composition (i.e., graphical analysis and best
professional judgement), a mine-related effect is detected or
suspected at a near-field lake; and

L2

The mine-related effect detected or suspected in condition one
(1) is based on three years of data including the current AEMP
year and the previous two years at any near-field site.

M1

The LAL for phytoplankton, zooplankton, or lake benthos
community composition is exceeded;

M2

Based on AEMP methods for determining mine-related effects
in edible phytoplankton density, adult crustacean zooplankton
density, or dipteran density (i.e., statistical analysis, graphical
analysis and best professional judgement), a mine-related
decline is detected in a near-field lake; and

M3

The mean edible phytoplankton density, adult crustacean
zooplankton density, or dipteran benthos density for the
current AEMP year is less than the lower range of observed
baseline data in a near-field lake site.

H1

The MAL is met (conditions M1, M2, and M3); and

H2

The mean edible phytoplankton density, adult crustacean
zooplankton density, or benthos dipteran density for the
current AEMP year and the previous two years is less than the
lower range of observed baseline data in a near-field lake site.

Phytoplankton,
zooplankton, or lake
benthos community
composition

Phytoplankton,
zooplankton, or lake
benthos community
composition

The HAL for phytoplankton, zooplankton, or lake benthos community composition is exceeded when
conditions H1 and H2 are met (Table 2.2-5). Similar to the MAL, the HAL focusses on changes to the
primary or secondary producer communities that could adversely affect the quantity or quality of food
available to fish. The time interval for the H2 condition is based on studies of acute change in the
availability of zooplankton resulting from changes in water quality (Schindler et al. 1985), as well as
observed responses in fish growth and community composition resulting from decline in preferred
zooplankton prey (Blindow et al. 1993).

2.2.2.1

Previous Action Level Exceedances

Phytoplankton
In Kodiak Lake, which is not downstream of the LLCF, the proportion of cyanobacteria increased over
time while the proportion of diatoms decreased from 2013 to 2018. These changes were potential
mine-related effects as similar changes were not observed at the reference sites, and the LAL was
exceeded from 2015 to 2018 (Table 2.2-4; ERM 2016b, 2017d, 2018, 2019a). In recent years, the relative
density of phytoplankton in Kodiak Lake was similar to the 1996 baseline observation (prior to the PDC
flushing and Sewage Discharge) and no mine-related effects on phytoplankton community composition
were concluded (ERM 2022).
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Zooplankton
Version 1.0 of the Plan identified a LAL exceedance for Kodiak Lake zooplankton; however, neither the
results of the 2015 or 2016 AEMPs supported this conclusion as no mine-related effects for zooplankton
community composition were detected or suspected for Kodiak Lake in either AEMP (ERM 2016b,
2017a). Therefore, the LAL for zooplankton community composition was not considered to be met in
Kodiak Lake in 2015 (Table 2.2-4).
Benthos
Version 1.0 of the Plan also indicated that lake benthos dipteran community composition exceeded the
LAL in Koala and King-Cujo watershed lakes in 2015; however, both the 2015 AEMP Re-evaluation and
results of the 2016 AEMP subsequently indicated that the changes observed were not likely related to
mine operations (ERM 2016a, 2017a); therefore, the LAL was not considered to be met for lake benthos
community composition in either watershed in 2015.

2.2.2.2

Current Action Level Exceedances

Phytoplankton
In the Koala Watershed, the AEMP results from 2015 to 2021 have shown that phytoplankton community
composition has shifted over time in lakes downstream of the LLCF as far as site S2 in Lac de Gras (ERM
2022). The shift observed in 2015 and 2016 in Leslie and Moose lakes was addressed in Version 1.1 of
the Plan through the implementation of the Nitrogen and Total Phosphorus Response Plans, and the Plan
was not updated for subsequent observations of community shifts because the likely cause and response
actions from Version 1.1 remained relevant and appropriate.
In general, the shift in phytoplankton community composition in the Koala Watershed that was addressed
in Version 1.1 of the Plan was characterized as an initial shift between 2006 and 2012 when
cyanobacteria and/or cryptomonads were gradually replaced by diatoms and/or green algae.
Cyanobacteria became increasingly abundant relative to other groups between 2013 and 2017, indicating
a potential return to baseline relative densities; however, they have made up a minor proportion of the
Leslie Lake and Moose Lake phytoplankton communities since 2018. Similar community shifts were not
observed in the reference lakes (Figures 2.2-5a and 2.2-5b).
No mine-related declines were detected for edible phytoplankton density for Leslie or Moose lakes in
2021, thus the MAL for community composition was not exceeded (ERM 2022).
Zooplankton
Version 1.1 of the Plan addressed the apparent shift in zooplankton community composition in some
Koala Watershed lakes downstream of the LLCF and the LAL exceedances in Moose Lake (since 2015)
and Leslie Lake (since 2016; Table 2.2-4). In these lakes, cladocerans and rotifers have been replaced,
to an extent, by copepods. These changes in zooplankton community composition were not observed in
the reference lakes and were linked to mine activities (ERM 2016b). Although year to year variability is
present in the zooplankton communities downstream of the LLCF, changes observed in zooplankton
community composition have generally stabilized in recent years (ERM 2022; Figures 2.2-6a and 2.2-6b).
Version 2.0 addressed the LAL exceedance in Cujo Lake for zooplankton community composition that was
first identified in 2020 (Table 2.2-4). The absolute and relative densities of rotifers and cyclopoid copepods
had decreased since 2016 resulting in increased relative densities of calanoid copepods (ERM 2022).
These observed changes in zooplankton community composition were linked to mine activities (ERM 2022).
No mine-related declines were detected for adult crustacean zooplankton density for Leslie, Moose, or
Cujo lakes in 2021 (ERM 2022), thus the MAL for community composition was not exceeded.
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Figure 2.2-5a: Mean Relative Phytoplankton Density by Taxonomic Group for
AEMP Reference Lakes, 1996 to 2021
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Figure 2.2-5b: Mean Relative Phytoplankton Density by Taxonomic Group for
Leslie and Moose Lakes in the Koala Watershed, 1996 to 2021
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Figure 2.2-6a: Mean Relative Zooplankton Density by Taxonomic Group for
AEMP Reference Lakes, 1995 to 2021
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Figure 2.2-6b: Mean Relative Zooplankton Density by Taxonomic Group for
Leslie and Moose Lakes in the Koala Watershed, 1995 to 2021
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Figure 2.2-6c: Mean Relative Zooplankton Density by Taxonomic Group for
Cujo Lake in the King-Cujo Watershed, 1995 to 2021
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Likely Cause of Action Level Exceedance

2.3.1

Biomass and Density

The LAL exceedance for phytoplankton biomass in Kodiak Lake was observed for the first time in 2021.
However, no mine-related effect was concluded for Kodiak Lake in 2021 (ERM 2022). Graphical analysis
indicates that phytoplankton biomass in Kodiak Lake has been variable through time and was initially
elevated in 1998 (Figure 2.2-2). There was a potential for mine-related effects in Kodiak Lake during early
monitoring years due to Construction and flushing of the PDC and the Discharge of treated Sewage
effluent from April 1997 to January 1999 (ERM 2022). Elevated nutrient concentrations (i.e., nitrate-N and
total phosphorus) were observed in Kodiak Lake during the open-water season in 1998 and may have
caused increased chlorophyll a concentrations at that time. Open-water nutrient concentrations in Kodiak
Lake have been variable but low in recent years and similar trends in nutrient and chlorophyll a
concentrations have been observed in one reference lake, Counts Lake (ERM 2022). The recent
chlorophyll a concentrations in Kodiak Lake are considered to be due to natural variability.
The LAL exceedance for phytoplankton biomass in Leslie Lake was observed for the first time in 2021.
However, no mine-related effect was concluded for Leslie Lake in 2021 (ERM 2022). Phytoplankton
biomass in Leslie Lake has been similar to one reference lake, Counts Lake, in recent years (Figure 2.2-2)
and recent chlorophyll a concentrations in Leslie Lake are considered to be due to natural variability.
The Action Level exceedances for phytoplankton biomass and density variables in Cujo Lake from 2019
to 2021 are likely the result of mine-related increases in nitrogen and/or phosphorus concentrations
during the open-water season (ERM 2022). Elevated nitrite-N and nitrate-N were observed during the
2016 to 2018 open-water seasons in Cujo Lake as a result of the pumping of water from the Misery Pit
and Desperation Sump into the King Pond Settling Facility (KPSF) in 2015 and subsequent Discharge to
Cujo Lake; although concentrations in 2019 to 2021 were lower suggesting a decreasing trend in nitrogen
(ERM 2022). Mean total phosphorus concentrations were greater than the lake-specific total phosphorus
benchmark in Cujo Lake (0.01 mg/L) during the open-water season from 2016 to 2020 but were less the
total phosphorus benchmark in 2021 (ERM 2022). Total phosphorus is generally considered to be the
primary nutrient responsible for nutrient enrichment-type effects (e.g., increased phytoplankton biomass)
and reducing phosphorus inputs to aquatic environments is recognized as one of the most effective
means of reversing nutrient enrichment-type effects (Schindler 2012), while multiple nutrient reduction
strategies may have additional benefits (Lewis et al. 2011).
The mean open-water season (August) total phosphorus concentration in Cujo Lake increased from
0.0083 mg/L between 1999 to 2015 to 0.015 mg/L between 2016 and 2020, and decreased to
0.0090 mg/L in 2021 (ERM 2022). Figure 2.2-3 shows that prior to 2016, mean August chlorophyll a
concentrations in Cujo Lake were less than 2 µg chl a/L except in 2001 and 2002. From 2017 to 2021,
mean August chlorophyll a concentrations in Cujo Lake ranged from 4.2 to 16.6 µg chl a/L. The increase
in chlorophyll a concentrations corresponds with increased total phosphorus concentrations in Cujo Lake
suggesting that total phosphorus is the main cause of the observed increase in phytoplankton biomass.
Version 2.0 of the Response Plan for Total Phosphorus was submitted in November 2020 to address the
Action Level exceedances in Cujo Lake in 2019 and 2020 (see Section 3.4). The mean 2021 open-water
season total phosphorus concentration in Cujo Lake was 0.0090 mg/L, which is similar to the 1999 to 2015
mean of 0.0083 mg/L. The mean 2021 chlorophyll a concentration in Cujo Lake of 6.02 µg chl a/L also
dropped substantially from the 2020 mean of 16.6 µg chl a/L, presumably a response to lower total
phosphorus concentrations.
Although the factors affecting phytoplankton biomass and density are generally similar, there is not
always a close correlation between density and biomass. This is mainly because phytoplankton cells vary
greatly in size from picoplankton (diameter of 0.2 to 2 µm) to nanoplankton (diameter of 2 to 20 µm) to
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microplankton (diameter of 20 to 200 µm), and the chlorophyll a content per cell generally varies with cell
size (e.g., Maranon et al. 2007). At a given chlorophyll a concentration, a phytoplankton community
dominated by picoplankton such as cyanobacteria with a relatively low chlorophyll a content per cell
would be expected to be present in much larger numbers than a community dominated by larger
microplankton with a relatively high chlorophyll a content per cell. In Cujo Lake, the highest mean
densities of 133,758 and 48,422 cells/mL were recorded in 2016 and 2019, when corresponding
chlorophyll a concentrations were 1.1 and 4.9 µg chl a/L, respectively. Between 2016 and 2020, a period
when the total phosphorus benchmark in Cujo Lake was consistently exceeded during the open-water
season, the average August phytoplankton density in Cujo Lake was 44,534 cells/mL, compared to an
average density of 1,003 cells/mL between 2005 and 2015 (Figure 2.2-4). Elevated phytoplankton density in
Cujo Lake is most likely the result of mine-related increases in nitrogen and/or phosphorus concentrations
during the open-water season.
The LAL exceedance for phytoplankton biomass in Fay Bay was only observed in 2020. There is no
Discharge upstream of Fay Bay and there has been no apparent mine-related increase in the
concentrations of macronutrients (e.g., nitrate, total ammonia, and total phosphorus) in this lake that could
have caused the observed increase in phytoplankton biomass (ERM 2021a). There was an unplanned
release of fine processed kimberlite in Fay Bay in May 2008, but there was no increase in nutrient
concentrations in Fay Bay following this event. Therefore, it is unlikely that the slight increase in
phytoplankton biomass is related to increased nutrient availability from mine-related sources. Figure 2.2-1
shows that compared to the before period, chlorophyll a concentrations in the after period in Fay Bay were
highly variable over time and among replicates. Relative to the before period, phytoplankton biomass was
also slightly elevated in 2008 prior to the connection of the Pigeon Stream Diversion (an engineered
diversion channel constructed to circumvent Pigeon Pit, allowing water flow and fish passage from Upper
Pigeon Pond A to Fay Bay; ERM 2021a) to the natural Pigeon Stream, thus it is unlikely that these works
had any effect on phytoplankton biomass. Chlorophyll a concentrations were similarly elevated in one
reference lake, Counts Lake, in some years (e.g., 2013 and 2019; Figure 2.2-1) suggesting that the elevated
concentrations observed in Fay Bay may be due to natural variability. The slightly elevated chlorophyll a
concentration in Fay Bay in 2020 is considered to be due to natural variability.

2.3.2

Community Composition

Phytoplankton and zooplankton communities are structured by complex and often interrelated factors.
Species of phytoplankton and zooplankton can differ in their tolerance ranges or preferences for various
water quality variables including hardness, pH, micro- and macronutrient concentrations, macronutrient
ratios, and metal concentrations. Inter-specific competition can also affect community composition.
Trophic interactions (e.g., predator-prey dynamics) can also play an important role in structuring primary
and secondary producer communities. Species can differ in their palatability and nutritional quality for
higher trophic levels, which can in turn affect the relative abundances of different groups.
The 2012 AEMP Re-evaluation presented the results of multivariate statistical analyses of the plankton
communities in monitored lakes within the King-Cujo and Koala watersheds and reference lakes.
CCA was used to explore relationships between biological variables (e.g., phytoplankton and zooplankton
communities) and between biological and environmental variables (e.g., phytoplankton and water quality).
As well, results of principal component analyses (PCA) were regressed against biological variables to get
a better understanding of how biota are responding to changes in water quality (Rescan 2012). Taken
together, the PCA regression and CCA results suggested that community composition was associated with
water quality variables. Changes in the relative density of phytoplankton and zooplankton communities
were generally associated with changes in conductivity, pH, water hardness, and a few metals that loaded
strongly on the first principal component in the PCA analysis (PC1). Although this suggested that
phytoplankton and zooplankton taxa were responding to changes in the concentrations of these variables,

www.erm.com

Version: C.1

Project No.: 0637214-0016

Client: Arctic Canadian Diamond Company Ltd.

July 2022

Page 2-21

EKATI DIAMOND MINE
Response Plan for Plankton and Benthos
Version 3.0

BACKGROUND

an extensive review of species sensitivity data suggested that concentrations of water quality variables of
concern are generally well within the tolerance ranges of taxa found at the Ekati Diamond Mine (Rescan
2012). Thus, it was hypothesized that the shifts in community composition were more likely related to
changes in the macronutrient ratios and/or concentrations, especially nitrate. Although nitrate was not
included in the water quality PCA because a large fraction of values were less than the analytical detection
limit, changes in nitrate concentrations were correlated with the spatial and temporal trends captured by
PC1 (Rescan 2012).
The results of 2015 and 2019 AEMP Re-evaluations further supported the hypothesis that water quality
changes were the most likely cause of observed changes in biological community structure in lakes
downstream of the LLCF in the Koala Watershed (ERM 2016a, 2019b). Changes in nutrient availability
downstream of the LLCF likely caused the historical phytoplankton community to shift toward a
community that was edible (for zooplankton), had a high silica demand, and were non-motile (ERM
2016a). These water quality changes may be related to changes in the absolute or relative availability of
macronutrients (i.e., nitrogen and phosphorus) associated with ammonia-nitrate blast residue and the
2009 to 2011 addition of phosphorus to the LLCF. Multivariate analyses suggested that the phytoplankton
community were potentially shifting back toward the original functional compositions from 2013 to 2018
(ERM 2016a, 2019b). However, greater proportions of diatoms and golden algae were observed
downstream of the LLCF since 2019, indicating that the phytoplankton community composition continues
to fluctuate from baseline conditions. Although nutrient concentrations downstream of the LLCF have
stabilized or decreased in recent years, they remain greater than those observed during baseline and
may account for the observed difference in phytoplankton community composition.
The ratio of available nutrients has shifted through time in the Koala Watershed downstream of the LLCF
as nitrogen concentrations have increased (ERM 2022). Cyanobacteria tend to dominate in nitrogen-poor
conditions because they have the ability to fix biologically unavailable forms of nitrogen (Wetzel 2001).
As nitrogen availability increases, systems tend to shift toward relatively higher abundances of diatoms
because nitrogen fixation is a much slower process than direct absorption, which provides diatoms with a
competitive advantage (Philips et al. 1997). Similarly, while high phosphorus loading often results in
blooms of cyanobacteria (Philips et al. 1997), simultaneous increases in the concentrations of both
nitrogen and phosphorus often lead to a competitive advantage in favour of chlorophytes (Levine and
Schindler 1999). Thus, the observed shifts in phytoplankton community structure in AEMP lakes,
described in Section 2.2.2, are likely related to inter-specific differences in the competitive abilities of
different taxonomic groups rather than the inability of resident species to tolerate increasing
concentrations of some water quality variables.
In contrast to the trends observed in Leslie and Moose lakes downstream of the LLCF, the relative
abundance of cyanobacteria has increased over time in Kodiak Lake with a corresponding decrease in
diatoms and chlorophytes. This shift from diatoms and chlorophytes to cyanobacteria may reflect the
decreasing trend in nitrate concentrations observed in Kodiak Lake (ERM 2022). Nutrient concentrations
in Kodiak Lake have remained low in recent years, and the LAL for phytoplankton taxonomy is no longer
considered to be exceeded in Kodiak Lake (Table 2.2-4; ERM 2022).
Similar to phytoplankton communities, overall shifts in zooplankton communities showed some evidence
of tracking changes in water quality. The relative densities of consumers with high intracellular N:P ratios
(e.g., calanoid and cyclopoid copepods; Dobberfuhl and Elser 2000; McCarthy et al. 2006) increased
through time and with spatial proximity to the LLCF. Nitrate has previously been shown to inhibit the
growth of rotifers (Solanki et al. 2015), which may explain the low numbers of rotifers in Leslie and Moose
lakes as well as in Cujo Lake. Spatial and temporal patterns revealed by the 2012 water quality CCA
suggested that rotifers were being replaced by calanoid and cyclopoid copepods through time and with
proximity to the LLCF (Rescan 2012). Total phosphorus has also been shown to be negatively correlated
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with rotifer species richness (Abd. Razak and Sharip 2019), thus rotifer species sensitive to increases in
total phosphorus may have declined in Cujo Lake as total phosphorus concentrations increased.
The 2012 water quality CCA also showed weak, negative associations between cladoceran densities and
increasing concentrations of many water quality variables (Rescan 2012). Historical zooplankton trends at
the species level suggest that the overall decline of cladocerans in lakes downstream of the LLCF is
related to a decrease in the density of the cladoceran H. gibberum, which has been absent or present in
low abundances since 2002 or 2003 (ERM 2021a). H. gibberum has been historically common in both
monitored and reference lakes, and this species is known to be indicative of low pH and low calcium
concentrations (Hamilton 1958). Thus, the absence of H. gibberum from Leslie, Moose, and Cujo lakes
may be related to the observed increase in pH and calcium concentrations, and/or changes in
macronutrient concentrations in lakes downstream of the LLCF and KPSF (ERM 2022).
Following the 2013 AEMP, Arctic Canadian assembled a team of scientific experts to participate in the
Ekati Diamond Mine Aquatic Ecology Synthesis (AES) study. As part of the AES study, multivariate
analyses of environmental and biological data were undertaken to obtain a better understanding of the
observed and predicted changes in the plankton communities. The findings of the AES were published in
the 2015 AEMP Re-evaluation (ERM 2016a). The results of the AES suggest that increasing
concentrations of some water quality variables including nitrate downstream of the LLCF are likely an
important driver of the functional shift in plankton communities (see further discussion in Section 3.1).
The changes in zooplankton community composition may also result from changes in the taxonomic
composition of phytoplankton communities on which zooplankton feed. While the extent to which trophic
relationships have resulted in changes in the composition of zooplankton communities is somewhat
unclear because detailed food web structure is unknown, feeding relationships may play some role in
structuring zooplankton communities in AEMP lakes (Rescan 2012).

2.4

Ecological Implications of Action Level Exceedance and Relation to
Significance Thresholds

2.4.1

Biomass and Density

An ecological implication of an increase in phytoplankton biomass or density is the potential for the
increased supply of organic carbon to fuel microbial respiration and lead to a decrease in the
concentration of dissolved oxygen in a waterbody, which could adversely affect fish health and survival.
The Significance Threshold for fish is described as:
“A large-bodied fish species (i.e., Lake Trout or Round Whitefish) of the Koala, King-Cujo,
Pigeon-Fay and Upper Exeter, or Horseshoe watershed is unsafe to eat; or is unable to survive,
grow, or reproduce, or is permanently lost from a watershed” (ERM 2021c).
The LAL exceedance for phytoplankton biomass in Kodiak Lake, Leslie Lake, and Fay Bay are likely due
to natural variability and are not considered to be mine-related. Open-water season total phosphorus and
chlorophyll a concentrations in Kodiak Lake, Leslie Lake, and Fay Bay are within the range expected
(Table 2.2-3) and there has been no evidence of a persistent decrease in dissolved oxygen
concentrations in these lakes (ERM 2022). Thus, there is no apparent adverse ecological implication of
the LAL exceedance for phytoplankton biomass in Kodiak Lake, Leslie Lake, or Fay Bay.
In Cujo Lake, elevated phosphorus concentrations are considered to be the root cause of increased
phytoplankton biomass and total density. There are no current Action Level exceedances in Cujo Lake for
total phosphorus or dissolved oxygen, though the LAL and MAL for total phosphorus and the LAL for
dissolved oxygen was exceeded in previous years. A detailed discussion of the ecological implications of
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low dissolved oxygen concentrations on fish populations is provided in the Response Plan for Under-ice
Dissolved Oxygen, Version 1.2 (ERM 2017c).
In their Decision on Version 2.0 of the Plan (WLWB 2022), the Board directed that Arctic Canadian
“include a description of how the medium phytoplankton biomass and density Action Levels are linked to
significance thresholds through the Under-ice Dissolved Oxygen Response Plan.” The link between
phytoplankton biomass and density and dissolved oxygen are described above. Action Levels for
dissolved oxygen are independent of phytoplankton biomass and density and are triggered regardless of
whether phytoplankton biomass or density is the cause of the Action Level exceedance.

2.4.2

Community Composition

An ecological implication of changes in the community composition of plankton or benthos is the potential
for a reduction in the quality or quantity of food available to fish. The Significance Threshold for plankton
and benthos community composition is described as:
“The plankton and/or benthos communities of the Koala, King-Cujo or Pigeon-Fay and Upper
Exeter, or Horseshoe watershed have changed in such a way that sufficient food for fish is no
longer available” (ERM 2021c).
Arctic Canadian defines “sufficient food for fish is no longer available” as a change in the community
composition, density, or biomass of the planktonic or benthic assemblages that results in negative effects
to the survival, growth, or reproduction of a large-bodied AEMP fish species (i.e., Lake Trout or Round
Whitefish; ERM 2021c).
The increases in phytoplankton biomass in Kodiak Lake, Leslie Lake, Cujo Lake and Fay Bay and
phytoplankton density in Cujo Lake are not considered to represent adverse changes in relation to the
availability of food for fish because an increase in phytoplankton density or biomass would result in more
food availability for higher trophic levels. The ecological implication of increased biomass and density is
mainly related to the potential for reduced dissolved oxygen concentrations in a waterbody
(see Section 2.4.1).
Observed changes in phytoplankton and zooplankton community composition exceeded the LAL from
2015 through to 2021 in the Koala Watershed, and changes in the zooplankton community composition
exceeded the LAL in Cujo Lake in 2020 and 2021 (Table 2.2-4). Changes in plankton community
composition could affect food quality and quantity for fish if taxonomic shifts favor the presence of
plankton groups that are inedible or have low nutritional value.
Primary producers such as phytoplankton form the base of aquatic food webs and are a source of food to
zooplankton and benthos, which are in turn important prey items for fish. The nutritional value of
phytoplankton depends on environmental conditions and is also taxa specific. In general, diatoms and
cryptomonads are thought to have the highest nutritional value and cyanobacteria the lowest, which may
relate to their fatty acid contents (Brett and Müller-Navarra 1997). The AEMPs from 2015 to 2021 have
concluded that in general, relative abundances of cyanobacteria have decreased in monitored Koala
Watershed lakes (with the exception of Kodiak Lake) while diatoms have increased (ERM 2016b, 2022)
since the onset of mining. Based on nutritional value, the shifts in phytoplankton community composition
observed may improve the quality of food available to zooplankton and benthos in the Koala Watershed.
The results of the AES study concur with this finding and have shown that certain functional traits of
phytoplankton including edibility (based on cell size) increased through time in monitored lakes (ERM
2016a). The AES study also concluded that there were strong indications that, after almost 20 years of mine
activity, the effects of mining were restricted to the base of the food web and that the functional structure of
the phytoplankton community was stabilizing over time (ERM 2016a). The 2022 AEMP concluded that there
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was a mine-related increase in the density of edible phytoplankton in Cujo Lake, and no mine-related
change in edible phytoplankton density in the lakes downstream of the LLCF (ERM 2022).
Changes in abundance and relative abundances of zooplankton taxa could have important implications
on fish populations, especially if preferred prey items are replaced with non-preferred ones. Fish diet was
analyzed at a higher taxonomic level than analysis of zooplankton and benthos, thus comparisons of the
proportions of the diet attributable to different crustacean taxa (e.g., copepods, cladocerans) were not
possible. Overall, observed changes in the functional and taxonomic composition of zooplankton in recent
years may have caused some alteration in Round Whitefish diets in response to changes in zooplankton
community composition in Cujo Lake and Leslie Lake, though these did not translate to observable
effects on fish health or population metrics. Beginning in 2018, Round Whitefish appeared to be
consuming more chironomids and molluscs, and fewer crustaceans in Cujo and Leslie lakes, this was not
observed in lakes with decreasing influence of the LLCF (Moose or Nema lakes; ERM 2019a). However,
these differences were not reflected in the relative biomass contributions of those diet items in these
lakes. Ultimately, any alterations of diet items in Round Whitefish also did not translate to significant
changes in fish condition, length-at-age, weight, Liver Somatic Index, Gonadal Somatic Index, nor growth
rate for this species. Slimy Sculpin are largely benthivorous, though zooplankton comprised from 0% to
30% of their diet in some AEMP lakes in some years. Slimy Sculpin diet is not expected to be influenced
directly as a result of compositional changes to zooplankton communities, although it is possible for their
diet to be influenced by increased competition for benthic resources from other fish, such as Round
Whitefish. Observations of Slimy Sculpin stomach contents indicated no consistent pattern of diet
changes in Cujo Lake nor in the Koala Watershed Lakes, compared to reference lakes (ERM 2022).

www.erm.com

Version: C.1

Project No.: 0637214-0016

Client: Arctic Canadian Diamond Company Ltd.

July 2022

Page 2-25

EKATI DIAMOND MINE
Response Plan for Plankton and Benthos
Version 3.0

3.

RESPONSE ACTIONS

RESPONSE ACTIONS

Versions 1.0 and 1.1 of the Response Plan for Plankton and Benthos Community Composition proposed
the following actions in response to the exceedance of the LAL for plankton and benthos community
composition:


Desktop studies of the causes and ecological significance of the changes in plankton and benthos
community composition (see Sections 3.1 and 3.2); and



Manage the risk of increased macronutrients by implementing the Response Plan for Nitrogen (see
Section 3.3) and developing the Response Plan for Total Phosphorus (see Section 3.4) because
existing evidence suggested that changes in nitrogen and phosphorus may explain some of the
taxonomic shifts.

The development of a Response Plan for dissolved oxygen was not one of the recommended actions in
response to exceedances of plankton and benthos indicators in the Koala Watershed. However, a
Response Plan for Dissolved Oxygen was developed in response to Action Level exceedances in Cujo
Lake and is discussed below because of the potential relationship between elevated primary productivity
and low dissolved oxygen concentrations (see Section 3.5). The recent LAL exceedances for
phytoplankton biomass in Kodiak Lake, Leslie Lake, and Fay Bay are considered to be due to natural
variability and no response beyond continued monitoring through the AEMP is required.
These response actions address the root causes (e.g., macronutrients) and potential ecological
consequences (e.g., low dissolved oxygen concentration) in lakes where plankton Action Levels were
exceeded. The Response Plans for nitrogen and total phosphorus outline mitigation strategies to address
macronutrient concentrations, which are expected to mitigate observed changes to plankton communities.
The mitigation strategies described for low under-ice dissolved oxygen concentrations in Cujo Lake
directly address the key ecological consequence that may be associated with elevated macronutrients
and primary productivity (i.e., low dissolved oxygen concentrations). Together, these management
actions and Response Plans are considered appropriate and sufficient to address the LAL exceedances
for biomass, density, and community composition variables, and no further actions are proposed to be
completed at this time. A summary of each of these completed actions is provided below.

3.1

Aquatic Ecology Synthesis Study

Phase I of the AES study was initiated by Arctic Canadian in 2014 to gain a better understanding of the
short- and long-term ecological significance of the observed changes in aquatic community structure
downstream of the LLCF. Phase I was conducted with the support of a Technical Team that included
four researchers from universities across North America and one senior environmental scientist who were
selected based on their relevant experience and skills. It included a Technical Team Workshop aimed at:
(i) providing a preliminary assessment of the short- and long-term ecological significance of the observed
changes in aquatic community structure based on existing evidence, and (ii) developing and refining an
appropriate approach for assessing the short- and long-term ecological significance of the observed
changes in aquatic community structure. The general consensus among Technical Team members was
that the relative magnitude and severity of the observed changes in aquatic communities was likely minor,
that the observed changes in plankton community structure were most likely caused by changes in the
absolute or relative availability of nutrients (including phosphorus), and that plankton community structure
was likely to return to baseline or reference compositions once the input of nutrients and solutes ceased
without any intervention. The Technical Team recommended conducting multivariate statistical analyses
of environmental and biological data to obtain a better understanding of the observed and predicted
changes in the plankton communities.
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Phase II of the AES involved implementing a study aimed at addressing the recommendations from
Phase I. Therefore, Arctic Canadian undertook a collaboration with researchers Dr. Beatrix Beisner and
Nicolas Fortin St-Gelais (doctoral student) at the Université du Québec à Montréal through a Natural
Sciences and Engineering Research Council of Canada Engage Grant. The main research objective of
this collaboration was to improve Arctic’s understanding of the effects of mining activities on plankton
communities. One of the key objectives of this research was to identify the drivers of functional change to
the plankton communities.
The findings of the AES were presented in a public workshop held in Yellowknife on June 7, 2016 and
subsequently published in the 2015 AEMP Re-evaluation on June 30, 2016 (ERM 2016a). The results from
the AES study provided support for a bottom-up effect of mining activities on the plankton community driven
by changes in water quality and suggest that nitrate may play an important role in the observed functional
and taxonomic shifts. However, there were strong indications that, after almost 20 years of activity, the
effects of mining were restricted to the base of the food web and that the functional structure of the
phytoplankton community was stabilizing over time (ERM 2016a). In addition, there was a lack of directional
shift in functional and taxonomic measures of crustacean zooplankton suggesting that the crustacean
zooplankton community was expected to remain stable through time. Thus, the study concluded that
bottom-up effects on fish communities as a result of functional changes in the lower trophic levels were not
expected (ERM 2016a). The results of the 2012, 2015, and 2018 AEMPs supported the conclusions of the
AES study because they indicated that shifts in plankton and benthos communities did not appear to have
influenced fish populations to date (Rescan 2013; ERM 2016b; ERM 2019a).

3.2

Desktop Study of the Drivers of Benthos Community Composition

Multivariate statistical analyses of AEMP observations were conducted as part of the 2015 AEMP
Re-evaluation to investigate the relationship between benthos communities and sediment quality. Both
principal components regression analyses and CCA were completed to address this objective. The findings
were presented in a public workshop held in Yellowknife on June 7, 2016 and subsequently published in the
2015 AEMP Re-evaluation on June 30, 2016 (ERM 2016a). The results re-affirmed the importance of
sediment silt content as a driver of community composition which had been suggested in the 2012 AEMP
Re-evaluation (Rescan 2012), and suggested that temporal and spatial trends in the data were weak and
that overall changes in benthic community metrics were unlikely due to mine-related effects.

3.3

Response Plan for Nitrogen

A formal Response Plan for Nitrogen has been in place since December 2013 (Version 1.0 followed by
Version 1.1 in July 2014) as a requirement of Water Licence W2020L2-0004 (formerly W2012L2-0001).
An additional update was presented in the 2014 AEMP Annual Report. In their Decision on the 2014
AEMP, the Board concluded that all previous Directives on the Nitrogen Response Plan were satisfied but
required continued reporting on the effectiveness of actions in the AEMP annual reports. The annual
AEMP reports include the effectiveness of actions through the evaluation of effects for total ammonia-N,
nitrite-N, and nitrate N. Version 2.0 of the Nitrogen Response Plan, submitted in August 2016, was the
first version of the Response Plan to be submitted under the approved ARF. Version 2.0 was updated to
address a LAL exceedance for nitrate-N in Cujo Lake in April 2016; however, that report was not posted
by the Board for stakeholder review.
Version 2.1 was subsequently submitted in October 2016 to address a LAL exceedance for nitrite-N in
Cujo Lake in August 2016. Version 2.1 indicated that the increase in nitrate and nitrite concentrations
observed in Cujo Lake were the result of the Discharge of water containing elevated concentrations of
nitrate and nitrite from the KPSF into Cujo Lake during the open-water season of 2016. The nitrate and
nitrite concentrations present in KPSF Discharge water were elevated as a result of the pumping of water
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from the Misery Pit and Desperation Sump into the KPSF in 2015. Neither eutrophication nor toxicological
effects to aquatic life or wildlife were anticipated as a result of the increased concentrations of nitrate and
nitrite present in Cujo Lake during 2016. The observed under-ice nitrate concentration was greater than
the Health Canada drinking water guideline for humans; however, during the following open-water season
the nitrate concentration was below the guideline. Toxicological effects to humans were not anticipated.
Actions proposed in the Response Plan included the continued monitoring and evaluation of nitrate and
nitrite as part of the annual AEMP, the continuation of existing nitrogen management practices, and an
examination of the water quality benchmark for nitrite. MAL and HAL for nitrate were also proposed but
setting Action Levels for nitrite was deferred to Version 2.2 as a result of the recommended nitrite
benchmark review. Version 2.2 was proposed to be submitted on June 30, 2017. The Board provided a
Decision on Version 2.1 on January 17, 2017. The Board supported the proposed MAL and HAL
definitions for nitrate and the actions proposed to investigate the LAL exceedance for nitrite. The Board
required a proposed MAL and HAL for nitrite in Version 2.2 and all relevant information from previous
versions of the Response Plan in the update. The Board also directed the comparison of annual water
quality results to predicted water quality trends for all water quality variables that have exceeded an
Action Level as part of its AEMP annual report. This comparison to water quality predictions (based on
the results of the 2017 Koala Watershed Water Quality Model update; ERM 2017a) is presented in the
2020 AEMP Annual Report (ERM 2021a).
Version 2.2 of the Nitrogen Response Plan was submitted to the Board in June 2017 (ERM 2017b).
Version 2.2 presented a review of the benchmark for nitrite but no change to the benchmark was
recommended. Ongoing response actions were updated to address Board concerns and MAL and HAL
for nitrite were proposed. Version 2.2 was approved by the Board on January 25, 2018. No further
updates to the Nitrogen Response Plan have since been required.
The 2022 AEMP indicated that historically elevated nitrate-N and nitrite-N concentrations in Cujo Lake
have decreased in recent years and are similar to baseline or reference levels. Under-ice total
ammonia-N concentrations in Cujo Lake remain elevated compared to baseline concentrations, but mean
2020 ammonia-N concentrations were less than the pH- and temperature-dependent benchmark (ERM
2022). Downstream of the LLCF, ammonia-N, nitrite-N, and nitrate-N concentrations have stabilised
and/or decreased from peak concentrations, though concentrations remain greater than baseline and
reference concentrations in some cases (ERM 2022).

3.4

Response Plan for Total Phosphorus

Version 1.0 of the Response Plan for Total Phosphorus was submitted in April 2016 to address a LAL
exceedance for under-ice total phosphorus concentrations in Moose Lake in April 2015. Version 1.0
indicated that the potential for ecological effects from changes in total phosphorus concentrations was
minimal because the LAL exceedance occurred during under-ice conditions when stimulation of primary
producer growth is unlikely and because phosphorus is not considered toxic to aquatic life. Continued
monitoring and evaluation of total phosphorus in the annual AEMP, an update to the Koala Watershed water
quality prediction model, and the AES study, were proposed to address the LAL exceedances. In addition,
a MAL was proposed. The Board provided a Decision on Version 1.0 on July 25, 2016. The Board did not
approve Version 1.0 and directed that Version 1.1 be provided by December 31, 2016. The Board required
that Version 1.1 include both MAL and HAL definitions as well as any other relevant updates.
Version 1.1 of the Total Phosphorus Response Plan was submitted in December 2016. The LAL for total
phosphorus was not exceeded during the open-water season of 2015 or the ice-covered or open-water
seasons of 2016. In addition, the results of the updated water quality modelling work and the AES study
suggested that the potential for future ecological effects from total phosphorus concentrations in the
Receiving Environment downstream of the LLCF was low. Therefore, Version 1.1 recommended that total
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phosphorus continue to be monitored and evaluated as part of the AEMP but no additional actions were
proposed. Version 1.1 also included proposed MAL and HAL. The Board provided their Decision on
Version 1.1 on July 20, 2017. Version 1.1 was not approved because of outstanding concerns associated
with the proposed Action Levels. The Board required that Version 1.2 be submitted with revised Action
Levels, taking into consideration seasonal trends, and a discussion of management actions that would be
considered or implemented in response to a MAL exceedance.
Version 1.2 of the Total Phosphorus Response Plan was submitted to the Board in October 2017.
Version 1.2 was updated to address a LAL exceedance in Leslie Lake in April 2017 and to address the
Board Directives on Version 1.1. It was unclear whether the LAL exceedance observed in Leslie Lake in
April 2017 was as a result of mine-related effects or natural variability and the potential for ecological
effects was concluded to be minimal. The ongoing response actions were updated and potential actions
that may be appropriate in the event of a MAL exceedance were identified, as required by the Board.
Revised MAL and HAL, with rationale considering seasonal trends, were proposed. The Board provided
their Decision on Version 1.2 on April 30, 2018. The Board did not approve Version 1.2 and directed
Arctic Canadian to provide Version 1.3 by August 31, 2018 with the Board Directives addressed.
However, the Board approved the MALs proposed in Version 1.2.
Version 1.3 of the Total Phosphorus Response Plan was submitted in August 2018. In this version, an
analysis of the probability of exceeding 50% and 100% benchmark thresholds and details on the
additional monitoring proposed to confirm MAL and HAL exceedances were included. In addition, this
version included clarification on the rationale for the MAL. The Board approved Version 1.3 on April 2,
2019 and directed that the next version include a discussion of the probability of the open-water season
average (i.e., in addition to the August average) naturally exceeding the HAL.
During the 2019 open-water season, monthly water quality samples were collected in Cujo Lake and the
MAL for total phosphorus was exceeded based on the open-water season average. Arctic Canadian
requested and was granted an extension on submission of Version 2.0 until November 16, 2020. The
extension was requested to allow for the findings of the AEMP Re-evaluation, AEMP statistics, biological
data, and an additional season of monthly open-water monitoring data to be incorporated into
Version 2.0. In addition, there was no Discharge from the KPSF in 2019 or 2020, thereby eliminating the
primary mine-related source of total phosphorus to the Receiving Environment. Version 2.0 was
submitted in November 2020 (ERM 2020b) and was approved by the Board with direction to submit
Version 2.1 and report on the success of mitigation measures, the biological response(s) to mitigation
measures, and any recommendations as part of the 2021 AEMP Annual Report. Version 2.1 was
submitted in October 2021 to address Directives concerning potential alternative benchmarks, the
appropriateness of the HAL, clarification of additional monitoring, and clarification of the conditions and
considerations informing the decision to Discharge from the KPSF (i.e., with regard to total phosphorus).
Version 2.1 was approved on April 27, 2022.

3.5

Response Plan for Dissolved Oxygen

Version 1.0 of the Response Plan for Under-ice Dissolved Oxygen, submitted in April 2016, was required
because the LAL for under-ice dissolved oxygen concentration was exceeded in Cujo Lake in April 2015.
Version 1.0 proposed that under-ice dissolved oxygen in Cujo Lake continue to be monitored bi-weekly
during late winter (February through April) because more frequent collection of under-ice profiles would
allow for a better understanding of the duration of hypoxic conditions during the ice-covered season and
the potential ecological risk of the observed dissolved oxygen concentrations. As part of this
recommendation it was stated that the mitigation strategy of clearing the snow from the ice surface, which
had been performed annually since 2010, would be continued at least until more was known about the
cause(s) of the low dissolved oxygen concentration in Cujo Lake. Version 1.0 also proposed that a
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desktop study be undertaken to investigate whether low dissolved oxygen concentrations in Cujo Lake
were occurring naturally or as a result of mine-related activities. The Board provided their Decision on
Version 1.0 on July 25, 2016. In their Decision the Board supported the actions proposed in the Response
Plan and indicated that approval would be considered after receipt of Version 1.1, which was to include
definitions for MAL and HAL as well as any other relevant updates.
Version 1.1 of the Response Plan for Dissolved Oxygen was submitted in December 2016 to address the
objectives stated in Version 1.0 and the Board Decision, as well as to address additional LAL exceedances
in Leslie and Kodiak lakes in April 2016. The results of the desktop study proposed in Version 1.0 were
presented. The study found that lake morphology and ice-cover phenology drivers may be combining with
increases in organic matter in the sediments and stable but elevated organic matter concentrations in the
water column to result in the observed dissolved oxygen conditions in Cujo Lake. Version 1.1 concluded that
lake morphology and ice-cover phenology likely also resulted in the LAL exceedances in Leslie and Kodiak
lakes in 2016. Version 1.1 included the commitment to continue bi-weekly monitoring of under-ice dissolved
oxygen in Cujo Lake and it was recommended that mitigation of low under-ice dissolved oxygen
concentrations be continued annually through clearing of snow from the ice surface if the results of the
bi-weekly monitoring indicate that whole-lake under-ice dissolved oxygen concentrations were expected or
observed to drop below 6.5 mg/L. The Board provided their Decision on Version 1.1 on July 20, 2017.
The Board did not approve Version 1.1, indicating that there were outstanding concerns with the proposed
Action Levels. The Board directed the submission of Version 1.2 within 90 days of the Directive and required
Version 1.2 to include revised Action Levels and proposed mitigations appropriate to address the under-ice
dissolved oxygen concentrations observed in 2017 (the Board was notified on June 30, 2017 that the
proposed MAL had been exceeded in Cujo Lake in April 2017).
Arctic Canadian submitted Version 1.2 of the Response Plan for Dissolved Oxygen in October 2017 (ERM
2017c). Version 1.2 was updated to address the April 2017 Action Level exceedance in Cujo Lake. A plan to
monitor the effectiveness of aeration as a mitigation technique for low dissolved oxygen and revised MAL
and HAL definitions were proposed. Version 1.2 was approved by the Board on April 30, 2018.
The Directive indicated that Arctic Canadian was to include a discussion of the ecological implications of low
dissolved oxygen levels to overwintering benthic invertebrates and provide clarification on statements
pertaining to adaptation of fish to low dissolved oxygen conditions in the next submission of the Response
Plan. Additionally, the Board approved of Arctic Canadian’s plan to monitor the effectiveness of aeration as
a mitigation technique for low dissolved oxygen and required that the proposed follow-up memorandum be
submitted by September 30, 2018. The Board also required that the memorandum include a discussion of
snow clearing as a mitigation technique. A memorandum summarizing the 2018 and historical mitigation
and monitoring results was submitted to the Board as directed. The memorandum described that historical
results indicated some effectiveness of both snow clearing and surface aeration as mitigation strategies but
that the success could not be quantified using available data. The memorandum provided recommendations
for the 2019 mitigation and monitoring program and included the commitment to submit a follow-up
memorandum describing the 2019 results. The Board approved of Arctic Canadian’s plans in a Decision
letter provided on January 24, 2019, and indicated that the follow-up memorandum could be submitted in
conjunction with the 2019 AEMP Annual Report. The 2019 Cujo Lake Aeration Strategy Follow-up
memorandum was submitted in conjunction with the 2019 AEMP Annual Report. No Action Level
exceedances for under-ice dissolved oxygen were observed in Cujo Lake in 2019. In 2020, the LAL for
under-ice dissolved oxygen in Cujo Lake was again exceeded and efforts to mitigate low under-ice
dissolved oxygen concentrations continued. The 2020 Cujo Lake Aeration Strategy Follow-up memorandum
was submitted in conjunction with the 2020 AEMP Annual Report (ERM 2021a). In 2021, efforts to mitigate
low under-ice DO concentrations continued and the LAL for under-ice dissolved oxygen in Cujo Lake was
not exceeded. The 2021 Cujo Lake Aeration Strategy Follow-up memorandum was submitted in conjunction
with the 2021 AEMP Annual Report (ERM 2022).
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Potential Actions

In the event of a MAL exceedance of phytoplankton biomass or density, appropriate response actions
could include additional monitoring of chlorophyll a concentrations to confirm and better characterize the
magnitude of the increase, as well as desktop investigations into the likely cause of the exceedance and
potential adverse trends in dissolved oxygen concentrations and fish population indicators. In the event of
a HAL exceedance of phytoplankton biomass or density, appropriate response actions could include the
implementation of source control of macronutrients and additional field studies of dissolved oxygen
concentrations and fish populations in the affected lakes to characterize the ecological impacts of the
apparent change in trophic level.
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SCHEDULE AND RECOMMENDED NEXT STEPS

It is recommended that plankton and benthos communities at the Ekati Diamond Mine continue to be
monitored and evaluated in the annual AEMP as per the AEMP Design Plan Version 7.1 (ERM 2021c)
and that an update to the Response Plan for Plankton and Benthos be required when a new Action Level
is exceeded. However, under certain circumstances, a new Action Level exceedance may not require the
submission of a Response Plan. As stated in the ARF, “if the cause of the exceedance of a biological
Action Level is known and can be linked to a variable for which a Response Plan already exists, the
Response Plan for the biological variable may simply refer to an existing Response Plan where actions
are being undertaken that are appropriate to address the current biological exceedance” (ERM 2021c).
Exceedance of approved Action Levels for biological variables will continue to be reported to the Board
with the AEMP Annual Report, on March 31 each year, as described in the ARF (ERM 2021c).
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APPENDIX A: NUTRIENT ENRICHMENT AND
PHYTOPLANKTON DENSITY

Appendix A: Nutrient Enrichment and Phytoplankton Density
The relationship between nutrient enrichment and phytoplankton cell density is more complex than the
relationship between nutrient enrichment and chlorophyll a. Nutrient enrichment could stimulate a bloom
of large diatoms in one lake and a bloom of small cyanobacteria in another lake. These hypothetical lakes
could have similar phytoplankton biomass and chlorophyll a concentrations; however, the cell densities of
the bloom of cyanobacteria would be much higher than the diatom bloom because chlorophyll content per
cell varies widely with cell size or biovolume and phytoplankton taxa (e.g., Maranon et al. 2007; Álvarez,
Nogueira, and López-Urrutia 2017). In this situation, the bloom of cyanobacteria may trigger a LAL
exceedance for phytoplankton density, while the bloom of diatoms may not, even though both of these
blooms could be indicative of nutrient-enrichment and lead to a decrease in dissolved oxygen
concentrations. Smaller phytoplankton generally have a competitive advantage over larger phytoplankton
at low nutrient concentrations because their high surface area to volume ratios facilitate nutrient uptake,
while larger phytoplankton have a competitive advantage at high nutrient concentrations (Chisholm and
Morel 1991). The introduction of a growth-limiting nutrient into a waterbody should generally result in an
increase in phytoplankton biomass and biovolume, but if there is a shift in the species composition to
larger phytoplankton cells, there may not necessarily be an increase in the cell density. There is also no
widely accepted model relating trophic status to phytoplankton density as there is for trophic status and
chlorophyll a concentration (Vollenweider and Kerekes 1982; Environment Canada 2004). Therefore,
setting scientifically defensible MAL and HAL specific to phytoplankton density is not practicable. Taken
together, the approved MAL and HAL for phytoplankton biomass and total density (Section 2.2.1) and
approved MAL and HAL for community composition (Section 2.2.2) offer appropriate adaptive
management tools to detect mine-related changes in phytoplankton so that Significance Thresholds
relating to the health of aquatic ecosystems and availability of food for fish are not reached.
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