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ABBREVIATIONS AND ACRONYMS
Abbreviation / Acronym

Definition

AEMP

Aquatic Effects Monitoring Program

ARGR

Arctic Grayling

BURB

Burbot

CPUE

Catch per Unit Effort

De Beers

De Beers Canada Inc.

DFMP

Downstream Flow Mitigation Plan

EIS

Environmental Impact Statement

GK

Gahcho Kué Mine

Golder

Golder Associates Ltd.

KLM watershed

Streams and Lakes in the K, L and M watersheds, downstream of Kennady Lake

LKCH

Lake Chub

LKTR

Lake Trout

Lue T’e Halye

Kennady Lake Fish Out

MTL

Median Tolerance Limits

MVLWB

Mackenzie Valley Land and Water Board

N/A

Not Applicable

NRPK

Northern Pike

NWT

Northwest Territories

PL

Prediction Limit

Q

Discharge

RNWH

Round Whitefish

UILT

Upper Incipient Lethal Temperature

U of W

University of Waterloo

YOY

Young-of-Year

UNITS OF MEASURE
Unit / Symbol
°C

Definition
degrees Celsius

3

Q (m /s)

discharge in cubic meters per second
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INTRODUCTION

De Beers Canada Inc. (De Beers) monitors the fish habitat and community in streams downstream of the
Gahcho Kué Mine (Mine) and Area 8 of Kennady Lake (Area 8) as a component of the Aquatic Effects
Monitoring Program (AEMP). This monitoring under the AEMP is a requirement of the Water Licence
MV2005L2-0015, issued by the Mackenzie Valley Land and Water Board (MVLWB or the Board; MVLWB
2014). The fish habitat and community component of the AEMP evaluates the potential effects of the Mine
on fish populations, and provides information on potential effects on traditional uses of fish, based on
monitoring at stations shown in Map 1.
Based on the results of the 2017 fish habitat and community monitoring, De Beers submitted an AEMP
Response Plan (Version 1), which detailed the specific Low Action Level criteria that were triggered in 2017
and the preliminary response actions (De Beers 2017a). The AEMP Response Plan (Version 1) was
submitted to the Board on December 19, 2017 in fulfillment of Part I, Condition 7 of Water Licence
MV2005L2-0015. This plan was reviewed by the Board and preliminary review comments were provided to
De Beers on January 24, 2018. De Beers submitted responses to the preliminary review comments to the
Board on January 30, 2018. The Board reviewed the AEMP Response Plan (Version 1) as well as the
responses, and approved the 2017 AEMP Response Plan as an interim submission on March 29, 2018 De
Beers is submitting this revised AEMP Response Plan (Version 2) in accordance with review comments
and revision requirements made by the Board. Changes to the AEMP Response Plan (Version 2) are
presented in a conformity response summary (below) and as revisions to the response actions in Section
5 of this Plan. As indicated by the Board, the revised AEMP Response Plan (Version 2) will be considered
approved upon receipt and written confirmation of conformity from the Board.

1.1

Conformity Response

A summary of the sections within the AEMP Response Plan (Version 2) that address each of the revision
requirements as stated by the Board is presented in in the conformity response list in Table 1-1.
Table 1-1
Revision
Number
1

2

3

4

5

6

Conformity Response List for the AEMP Response Plan (Version 2)
Section in AEMP
Response Plan
(Version 2)

Revision Requirement
Include as a response action – conduct an assessment to determine whether the current flow
augmentation is adequate and provide a contingency plan should Arctic Grayling continue to
decline.
Include as a response action - conduct a special effects study to determine if Arctic Grayling exist
but were not detected during the study or if they exist in further downstream reaches of Area 8;
assessing if low water and the diversion from Lake N11 is of sufficient volume or at the right time
to support spawning of Arctic Grayling; and, determining if diversions from Lake N11 would be
required on a more frequent basis other than the existing frequency which was to ensure Arctic
Grayling spawning.
Include as a response action - Investigate and identify measures which can be implemented to
ensure Arctic Grayling return to Area 8 during operations, should Arctic Grayling’s absence be
confirmed in 2018 monitoring program.
Include as a response action - Provide an assessment of whether Arctic Grayling would be
expected to return to Kennady Lake post-closure if they do not exist or spawn in Area 8 during
operations.
Revise Moderate Action Level - include “Arctic Grayling are absent in a subsequent monitoring
season (i.e. confirmatory season in 2018).”
Include as a response action - Extend the geographic extent of Northern Pike monitoring
downstream in 2018.
Revise High Action Levels – set High Action Level after 2018 or when there is a better
understanding of the scale of the issues associated with the Arctic Grayling presence and
population.

De Beers Canada Inc.

Section 5; 5.1.2
and 5.1.7

Section 5; 5.1.1
and 5.1.7

Section 5, 5.1.1
and 5.1.7
Section 5, 5.1.1
and 5.1.6
Section 5; 5.1.1
and 5.1.5
Section 5 and
5.1.5

±
Stream M4

M4

Stream L1b
Stream L1c

L1b

Stream L1a
L1a

Stream L2 L1c

L2
Stream L3
Stream K5
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Background

Arctic Grayling (Thyallumus arcticus) was selected as a valued fish species for the Environmental Impact
Statement (EIS; De Beers 2011), and subsequently for the AEMP (De Beers 2015a), because of its:
•

importance to local Aboriginal communities and to the Northwest Territories (NWT) sport fishery.

•

unique life history makes it suitable for assessing the potential effects of the Project on streams.

In the Barrenlands, Arctic Grayling have an adfluvial life history and is the only species that uses stream
habitat exclusively for spawning and rearing. Arctic Grayling exist in most, if not all, lakes downstream of
Kennady Lake and in the adjacent N watershed, and use the connecting streams as spawning habitat (De
Beers 2011). The Mine has the potential to alter the physical and hydrological characteristics of streams
downstream of Kennady Lake (KLM watershed streams). Therefore, potential effects to streams will have
a direct effect on Arctic Grayling recruitment and the sustainability of downstream populations during and
after the Mine (De Beers 2011). The use of Arctic Grayling as a monitoring species can also provide an
indication of potential effects on Northern Pike in the streams in the KLM watershed.
The monitoring results during the 2017 AEMP (De Beers 2018) triggered two Low Action Level criteria for
Flow Mitigation in the AEMP Response Framework:
•

Arctic Grayling adults not moving to spawning areas within the normal spring period (as per baseline
information); and

•

Arctic Grayling fry not being present in the system and/or not distributed similar to baseline.

Part I, Item 7 of the Water Licence (MVLWB 2014) specifies that “if any Action Level as defined in the
approved AEMP Design Plan is exceeded, the Licensee shall a) notify the Board within thirty (30) days of
when the exceedance is detected; and, b) within ninety (90) days of when the exceedance is detected,
submit an AEMP Response Plan that satisfies the requirements of Schedule 6, Item 4 to the Board for
approval.” As defined in the Water Licence, an AEMP Response Plan “is a part of the Response Framework
and describes the specific actions to be taken by the Licensee in response to reaching or exceeding an
Action Level”. On September 21, 2017, De Beers submitted a letter notifying the Board that Low Action
Levels related to ‘Physical Habitat Alteration – Fish Habitat and Community’, as defined in the approved
AEMP Design Plan (Version 5), were triggered (De Beers 2017b). On December 19, 2017, De Beers
submitted an AEMP Response Plan for public review and Board consideration (De Beers 2017a).
This AEMP Response Plan (Version 2) outlines De Beers’ response to the Low Action Level triggers
observed in 2017 for Flow Mitigation and incorporates the required revisions to the response actions, as
shown in Table 1-1. The relevant results and actions are summarized herein to satisfy the requirements of
Schedule 6, Item 4 of the Water Licence for MVLWB approval.
Full details of monitoring results from 2017 for the downstream fish habitat and community will be provided
in the corresponding 2017 AEMP Annual Report (De Beers 2018).
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ACTION LEVEL DESCRIPTION

Reduced flow downstream of Area 8 has the potential to affect the population size of Arctic Grayling by
restricting spawning migrations and reducing the area available for spawning (De Beers 2011). Therefore,
a Downstream Flow Mitigation Plan (DFMP) was developed to avoid population level impacts to Arctic
Grayling (Golder 2012). The EIS predicted changes in abundances of Lake Trout, Arctic Grayling, and
Northern Pike in Area 8 due to loss of habitat in Kennady Lake during the life of the Mine from the isolation
of Area 8, but no changes were predicted for these fish species downstream of Kennady Lake based on
implementation of the DFMP (Golder 2012). The EIS predicted no significant adverse effects to the
abundance and persistence of Arctic Grayling within habitats downstream of the Mine with the
implementation of flow mitigation (De Beers 2011). Therefore, the EIS predictions imply that traditional use
of fish (includes harvesting and consuming fish) will be maintained downstream of Kennady Lake (De Beers
2015a).
Significance thresholds were selected as part of the AEMP design to protect the key valued aquatic
components and their traditional uses in the vicinity of, and downstream of, the Mine site. The selection of
significance thresholds was based on the commitment by De Beers that traditional water uses in waters
downstream of Kennady Lake should not be affected by mining activities throughout construction,
operation, and reclamation (De Beers 2015a). The significance threshold for ecological function was
defined as “ecological function is not maintained”, whereby fish are unable to survive, grow or reproduce,
or the sustained absence of a fish species occurs. The Low Action Levels for Fish Habitat and Community
(De Beers 2015a) are directly linked to the significance threshold. The monitoring developed for the fish
habitat and community component of the AEMP was designed to confirm the sustained presence of Arctic
Grayling, as a surrogate for the broader fish community, in habitats downstream of the Mine during
operations and closure.
The two criteria that triggered the Low Action Level in 2017 were:
1.

Arctic Grayling adults moving to spawning areas within the normal spring period.
Arctic Grayling move to spawning habitat during or immediately after ice break-up, and tend to return
to summer feeding habitat a few days or weeks after spawning (Stewart et al. 2007). This pattern has
been documented previously at site, with most fish fence observations showing fish moving from
downstream habitat back into Kennady Lake by mid-June (Golder 2014a, 2015, 2016, 2017).
The ecological implication of the Low Action Level trigger Arctic Grayling adults not moving to spawning
areas within the normal spring period is that the persistence of an Arctic Grayling population
downstream of Area 8 could be impaired if fish are unable to access spawning habitat, or if the timing
of spawning is altered. Changes to spawning success may result in adult Arctic Grayling being unable
to reproduce, resulting in the sustained absence of Arctic Grayling (De Beers 2015a). The sustained
absence of Arctic Grayling may then result in effects to other fish species through changes in the
community structure and food web interactions. This outcome could move Area 8 and the downstream
watersheds towards the significance threshold (i.e., that ecological function downstream of Kennady
Lake is not maintained).

2.

Arctic Grayling fry being present in the system and/or not distributed similar to baseline.
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Arctic Grayling fry, or young-of-year (YOY), emerge from spawning habitat and move to sheltered
rearing habitat typically in close proximity to their spawning habitat. YOY generally remain in their
rearing habitat for the first growing season before moving to overwintering habitat (Stewart et al. 2007).
This pattern of habitat use and timing has been documented previously at site, with YOY fish
observations abundant in the summer and declining in the fall (Golder 2014a, 2015, 2016).
The ecological implication of the Low Action Level trigger Arctic Grayling fry not being present in the
system and/or not being distributed similar to baseline is that the persistence of an Arctic Grayling
population downstream of Area 8 could be impaired if successful recruitment to the population does
not occur. Changes to recruitment success may result in Arctic Grayling fry being unable to survive or
grow, and thus the sustained absence of Arctic Grayling (De Beers 2015a). The sustained absence of
Arctic Grayling may then result in effects to other fish species through changes in the community
structure and food web interactions. This outcome could move the Area 8 and downstream watersheds
towards the significance threshold (i.e., that ecological function downstream of Kennady Lake is not
maintained).
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ACTION LEVEL DETERMINATION

3.1

Low Action Level Criterion 1: Arctic Grayling adults not
moving to spawning areas within the normal spring period

Determination of this Action Level criterion exceedance was based on the results of the 2017 AEMP
monitoring data, particularly from the spring fish fence results (De Beers 2018). Deployment of fish fences
and an assessment of fish movement through the fish fences began on May 26, 2017 shortly after ice-free
conditions. Fish fences were installed in Stream K5 and Stream L1a on May 26 and 27, 2017, respectively,
and removed on June 6 and 7, 2017, respectively. After 12 days, no Arctic Grayling were observed at either
location (Table 3.1-1). Previous monitoring results indicate that the timing of the fish fence in 2017 would
be associated with a high likelihood of observing fish movement downstream into spawning habitats or
upstream, returning to Area 8. However, Northern Pike were captured at the 2017 fish fence (Table 3.1-1).
Table 3.1-1
Stream

K5

L1a

Summary of the 2017 AEMP Fish Fence Catch in Streams K5 and L1a
Date
26 May 2017
27 May 2017
28 May 2017
29 May 2017
30 May 2017
31 May 2017
1 June 2017
2 June 2017
3 June 2017
4 June 2017
5 June 2017
6 June 2017
27 May - 7 June 2017

Method

Fish Fence

Fish Fence
Total:

Fish Species Recorded
Northern Pike
Arctic
Grayling
Adult
Juvenile
0

2
2
5
1
1
1
4
1
17

1
1
2

Direction of
movement
N/A
N/A
Upstream
Upstream
Upstream
Downstream
Upstream
Upstream
N/A
Upstream
Downstream
Downstream
N/A
N/A

- = no fish caught; N/A = not applicable.

Visual observation surveys between Stream K5 and Stream M4 (i.e., KLM watershed) from May 26, 2017
to June 7, 2017 resulted in no observations of adult Arctic Grayling (Table 3.1-2). Stream conditions during
observations (e.g., water levels and water clarity) were all suitable for detecting adult Arctic Grayling during
these surveys. The lack of observed adult Arctic Grayling confirmed the fish fence results that Arctic
Grayling adults did not move to spawning areas within the normal spring period during 2017, and were not
present throughout the KLM watershed monitoring area. Adult and juvenile Northern Pike were observed
in Streams K5 and Stream L2 in 2017 (Table 3.1-2).
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Table 3.1-2

Date
26 May 2017
3 June 2017
5 June 2017
3 June 2017
5 June 2017

L3
L2

Method

Fish Species Recorded
Northern Pike
Adult
Juvenile

Arctic Grayling

Observation

Total:
(a)

April 2018

Summary of the 2017 AEMP Visual Observation of Fish between May 26 and
June 7, 2017 in the Downstream KLM Watershed

Stream

K5

3-7

0

4
2
2

4
4

Unknown
species(a)
1
1
2

Unknown species: crew was unable to determine species through visual observations.

- = no fish caught.

3.2

Low Action Level Criterion 2: Arctic Grayling fry not being
present in the system and/or not distributed similar to
baseline

Determination of this Action Level criterion exceedance was based on the results of the 2017 summer and
fall fish observation surveys (De Beers 2018). Visual observation surveys conducted between Stream K5
downstream and Stream M4 in early summer (June 29 to July 4, 2017), late summer (July 27 to August 1,
2017), and fall (August 31 to September 4, 2017), indicated only one, unconfirmed Arctic Grayling YOY
(Table 3.2-1). A single juvenile Arctic Grayling (i.e., older than one year) was also documented in 2017.
The lack of YOY is an indication that successful Arctic Grayling spawning did not occur in 2017. Other fish
species, including adult and juvenile Northern Pike were observed (Table 3.2-1).
Table 3.2-1

Summary of the 2017 AEMP Visual Observation of Fish between June 29 and
September 4, 2017 in the Downstream KLM Watershed
Fish Species Recorded

Stream

K5

L3
L2
L1c
L1bT1
L1a
M4

Date

29 June 2017
1 July 2017
27 July 2017
1 July 2017
29 July 2017
29 June 2017
3 September 2017
3 September 2017
30 July 2017
1 July 2017
30 July 2017
2 July 2017

Method

Observation

Total:
(a)

Arctic
Grayling
Juvenile
1 (YOY)(a)
1
2

Northern Pike
Adult

Juvenile

1
1
2

2
5
1
1
1
1
11

Burbot

Slimy
Sculpin

Ninespine
Stickleback

7
7

1
9
5
15

2
2

Unconfirmed observation: crew was unable to determine species through visual observation; however, the behaviour was consistent with
an Arctic Grayling YOY. This is the only potential Arctic Grayling YOY recorded in 2017, and thus should not be viewed as evidence of
occurrence.

- = no fish caught.
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Supplemental backpack electrofishing conducted by Golder and the University of Waterloo (U of W) during
the late summer 2017 field program (July 27 – 31, 2017), targeting Arctic Grayling rearing habitat, did not
result in the capture of Arctic Grayling (including YOY) throughout the downstream KLM streams and lake
inlets/outlets (Table 3.2-2). Juvenile Northern Pike were captured (Table 3.2-2) indicating that successful
spawning for Northern Pike is occurring within the watershed.
Table 3.2-2

Summary of the 2017 AEMP Backpack Electrofishing Catch in the Downstream
KLM Watershed

Stream

Date

Arctic
Grayling

Burbot

K5
L3 channel
L2
L1a
L1b
L1c
L1c
M4
M3

27 July 2017
29 July 2017
29 July 2017
30 July 2017
30 July 2017
28 July 2017
29 July 2017
31 July 2017
31 July 2017
Total:

0

10
1
4
15

Fish Species Recorded
Northern Pike
Slimy
Sculpin
Adult
Juvenile
1
1

5
2
4
11

1
2
35
12
49
51
150

Ninespine
Stickleback

Lake
Chub

9
1
10

1
1

- = no fish caught.

The 2017 results confirm that Arctic Grayling YOY were not present in Streams K5 and L1a in the summer
and were not distributed within the downstream KLM watershed similar to previous or baseline years.
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LIKELY CAUSES AND LINES OF EVIDENCE

The absence of adult and YOY Arctic Grayling are indicators that successful spawning did not occur. The
absence of spawning adults in the downstream KLM watershed streams during the spring 2017 spawning
period is directly linked to the absence of YOY Arctic Grayling in the subsequent summer and fall 2017 field
programs. No spawning would have occurred if the adults did not move into the streams, and the lack of
YOY confirms that adults did not move into and spawn in the habitat downstream of Area 8.
The lack of both adults and YOY have the potential to be related to habitat suitability, or a population
response caused by other factors and are discussed as the following lines of evidence:
•

Removal of the main breeding population of Arctic Grayling from Kennady Lake during the 2014 and
2015 fish out (Lue T’e Halye).

•

Changes in flow from baseline conditions.

•

Changes in stream water temperature as a result of isolating Area 8 from Kennady Lake.

4.1

Removal of Main Breeding Population from Kennady Lake

Arctic Grayling in the Kennady Lake watershed exhibit an adfluvial life history (i.e., live in lakes but migrate
into rivers or streams to spawn). Adults and juveniles reside in lake environments for most of the year. In
spring, adult Arctic Grayling migrate into streams soon after ice break-up to spawn. Adults move back into
the lake soon after spawning. Eggs hatch in June and YOY rear in natal streams for the summer, moving
upstream to Kennady Lake, or downstream to overwintering habitat in lakes by late August. YOY Arctic
Grayling are thought to move upstream or downstream depending upon their location in relation to
overwintering habitat (Golder 2014b). Most adult Arctic Grayling from Kennady Lake move through the
Kennady Lake outlet to spawn in the series of streams immediately downstream (Golder 2014b).
The line of evidence suggesting that removal of the main breeding population of Arctic Grayling from
Kennady Lake was one of the likely causes of the downstream reduction in Arctic Grayling is presented in
the findings from the Kennady Lake Fish Out (De Beers 2015b) and ongoing downstream monitoring that
has occurred following completion of the fish out (Golder 2014a, 2015, 2016, 2017). These studies show a
drop in population size immediately after the fish out followed by a declining trend in population size. The
following study results are discussed to support this line of evidence:
•

Comparison of the population estimate of Arctic Grayling in Kennady Lake to the actual number of
Arctic Grayling removed during the fish out results (De Beers 2015b).

•

The declining Arctic Grayling catch trend in the downstream KLM watershed since the Kennady Lake
Fish Out, as reported in the 2015 and 2016 AEMP (De Beers 2016, 2017) and observed during the
2017 AEMP (not yet submitted).

•

The declining number of detections of adult Arctic Grayling since the Kennady Lake Fish Out, as
reported by University of Waterloo (U of W; Baker and Swanson 2016).

•

The declining YOY occupancy trend in the downstream KLM watershed since the Kennady Lake Fish
Out, as reported by University of Waterloo (Baker and Swanson 2016, Baker et al. 2017).
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Kennady Lake Fish Population Estimate and Removal
Results

Efforts were made to prevent the return of spawning fish back into Kennady Lake prior to the start of Phase I
(2014) of the Kennady Lake Fish Out (Lue T’e Halye) with the installation of a fish fence in the narrows
between Area 7 and Area 8 shortly after ice-free conditions on the lake.
The success of this barrier to fish movement between Area 7 and Area 8 is unknown; however, any fish
that were prevented from returning to Kennady Lake from Area 8 would have remained, along with resident
fish, in Area 8 or in downstream streams and lakes. However, a comparison of the number of fish caught
versus the estimated population of Arctic Grayling in Kennady Lake prior to the fish out indicates that a
large portion of the population was removed during Phase I (2014) and Phase II (2015) of the fish out (De
Beers 2015b) (Table 4.1-1). Only a small percentage of the Arctic Grayling population is estimated to have
remained in Area 8 after the completion of the fish out. The adult Arctic Grayling remaining in the system
after the fish out would form the basis from which the downstream population would need to sustain itself
through construction and operations of the Mine. With total population estimates of Arctic Grayling in
Kennady Lake ranging from 116 to 183 individuals, and with 127 individuals removed from the population
during the fish out, it is likely that only a few to a few dozen individuals remained in Area 8 before the 2015
spawning season.
The number of adult fish remaining in Area 8 (142 hectares in size) after the fish out was likely a few dozen
fish at most, which would result in an Arctic Grayling fish density of well below 1 fish per hectare.
Populations of Arctic Grayling in Alberta where fish densities of less than 6.9 fish per 300 m of stream or
11.5 fish per hectare are considered at very high risk (Alberta Environment and Parks and Alberta
Conservation Association 2015). Although the native population of Kennady Lake before the fish out had a
relatively low density to begin with, the resulting estimated numbers of Arctic Grayling would suggest their
population would be at high risk. Natural mortalities and predation of the Arctic Grayling remaining in the
system may result in continued negative decline in adult fish numbers prior to seeing new recruitment into
the population (i.e., the recruitment delay of fish from 2014 to 2016 spawning events that may not return as
spawning adults until 2018 or later).
The implications of the removal of most of the main breeding population of adult Arctic Grayling from
Kennady Lake as a result of the fish out are as follows:
•

Numbers of remaining Arctic Grayling adults of a breeding age class may not have been sufficient to
maintain or support the Area 8 downstream population through successful spawning and future
recruitment to replace natural mortalities.

•

Remaining Arctic Grayling adults in Area 8 and the downstream may have been subject to increased
predation risk (as a proportion of the population) due to their isolation from Kennady Lake (i.e. the
predation pressure likely remained constant, but there are fewer fish, so the proportion of the population
removed from predation is higher).
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Abundance Estimates for the Abundant Fish Species in Kennady Lake, Based on
Linear Regression of CPUE on Cumulative Count by Species, Compared with
Previous Estimates Linked to Relative Abundances and Total Number of Fish
Captured during Phase I and II of the Fish Out

Estimate after
Phase I
Completion(f)

CPUE
Regression
Estimate after
Phase I
[95% PL]

Total
Number
of Fish
Captured
(Phase I
and II)

91

124

116 [395]

127

18

166

N/A

557

5,604

5,906

6,594

4,611 [5,297]

6,265

3,776

2,846

3,175

2,984

2,478 [3,729]

2,667

>104

432

675

676

691

630 [1,175]

787

RNWH

N/A

13,260

9,755

9,131

8,437

6,416 [8,058]

7,835

Total

N/A

18,977

18,977

18,977

18,977

14,251
[16,510]

18,238

Hydroacoustic Estimate(b)

Peterson
MarkRecapture
Estimate(a)

2010
Estimate(c)

Estimate after
4 days of
Phase I Gill
Netting(d)

Estimate after
15 days of
Phase I Gill
Netting(e)

ARGR

N/A

183

117

BURB

N/A

N/A

N/A

LKCH

N/A

N/A

LKTR

>2,300

NRPK

Species

(a)

Peterson Mark-recapture estimates derived using results of the 2004 mark-recapture at Kennady Lake as outlined in Annex J of the Gahcho
Kué (GK) Environmental Impact Statement (EIS) (De Beers 2010).

(b)

Hydroacoustic estimates derived using a total abundance 18,977, as outlined in Addendum JJ of the GK EIS (De Beers 2010).

(c)

Hydroacoustic estimates derived using a total abundance 18,977 (Addendum JJ) and the relative species abundances from the summer
2004 gill netting at Kennady Lake as outlined in Annex J of the GK EIS (De Beers 2010).

(d)

Hydroacoustic estimates for the most abundant species derived using a total abundance 18,977, as outlined in Addendum JJ of the GK EIS
(De Beers 2010) with relative abundances per species, from the first 4 days of Phase I gill netting.

(e)

Hydroacoustic estimates for the most abundant species derived using a total abundance 18,977, as outlined in Addendum JJ of the GK EIS
(De Beers 2010) with relative abundances per species, from the first 15 days of Phase I gill netting.

(f)

Hydroacoustic estimates for the most abundant species derived using a total abundance 18,977, as outlined in Addendum JJ of the GK EIS
(De Beers 2010) with relative abundances per species, from the total number of Phase I gill netting.

ARGR = Arctic Grayling, BURB = Burbot; LKCH = Lake Chub; LKTR = Lake Trout; NRPK = Northern Pike; RNWH= Round Whitefish; 95% PL
= 95 percent upper prediction limit; N/A = not applicable (no downward relationship between CPUE and cumulative count was observed).

4.1.2

Declining Catch Trend from Downstream Monitoring

Fish fence data show a steady decline in fish numbers since 2013, with no Arctic Grayling adults being
recorded in 2017 (Table 4.1-2) (Golder 2014a, 2015, 2016, 2017). Although there are differences from yearto-year in the timing and duration of when fish fences were operational, all programs were run within the
broader spawning window of late May to the end of June.
Table 4.1-2

Summary of the Total Number of Arctic Grayling Recorded between May and June in
Stream K5 and L1a, since 2013

Stream

Date

K5
L1a

May - June
May - June

Method
Fish Fence
Fish Fence
Total:

Arctic Grayling Adults
2013

2014

2015

2016

2017

43
43

34
1
35

7
4
12

3
3

0

- = no fish caught.
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During baseline conditions, Arctic Grayling was the most abundant fish found in streams downstream of
Kennady Lake. The majority of the Arctic Grayling captured in the downstream streams were YOY, which
contributed between 91% and 96% of the total catch in fish-bearing streams in the downstream KLM
watershed, with numbers ranging from 50 to 200 individual YOY per sample year (Golder 2014b). A
comparison of Arctic Grayling YOY recorded in the downstream KLM system since 2013 indicates that
numbers have decreased since 2014, and in 2017 only 1 potential sighting of a YOY was recorded (Table
4.1-3) (Golder 2014a, 2015, 2016, 2017).
Sampling methods and total effort have varied by year (e.g., visual observations vs. electrofishing). In 2013,
YOY surveys were a supplemental part of the monitoring program, with only limited shoreline electrofishing
of Lake L2 and M4 conducted. While absolute abundance numbers cannot be directly compared from yearto-year, particularly in 2013, the declining trend in the observations since the fish out remains notable.
Table 4.1-3

Stream

Summary of the Total Number of Arctic Grayling YOY Recorded in the downstream
KLM Watershed, since 2013
Date

Method
2013

K5
L3
L2
L1b
L1a
M4
Total:

July - September
July - September
July - September
July - September
July - September
July - September

Observation / Electrofishing
Observation / Electrofishing
Observation / Electrofishing
Observation / Electrofishing
Observation / Electrofishing
Observation / Electrofishing

ns
ns
17
ns
ns
ns
17

Fish Species
Arctic Grayling YOY
2014(a)
2015
2016
34
143
74
628
122
1,001

1
8
4
21
3
37

11
2
1
14

2017(a)
1(b)
1

(a)

Years with supplemental backpack electrofishing by the U of W, in addition to visual observations.

(b)

Unconfirmed observation in September 2017. Crew unable to determine species through visual observations; however, the behaviour was
consistent with an Arctic Grayling YOY. AEMP Report not yet submitted for 2017.

- = no fish caught; ns = not surveyed.

The results from 2014 provide an unusually high record of YOY distributed throughout the downstream
KLM watershed (backpack electrofishing was the main method of sampling in 2014). A repeat of this
sampling method in 2017 did not capture Arctic Grayling YOY in the downstream KLM watershed during
the late summer, at a time when fry should have been abundant and distributed throughout the system.
The single unconfirmed YOY was recorded in Stream L1b in the September 2017 program.
These data suggest that adult and YOY Arctic Grayling numbers have been reduced in the downstream
KLM watershed following the isolation of Area 8 from Kennady Lake and the fish out. The data also suggest
that there is a risk that a sustained absence of Arctic Grayling may occur.

4.1.3

University of Waterloo Adult Tagging Results

University of Waterloo has been researching adult overwintering and migratory movement of adult Arctic
Grayling in the KLM watershed, using passive acoustic telemetry, since 2013. Their research indicates that
since the Kennady Lake Fish Out in 2014, the number of adult Arctic Grayling moving between Kennady
Lake and the downstream systems has declined (Baker pers. comm. 2017).

De Beers Canada Inc.

Gahcho Kué Mine
2017 AEMP Response Plan Version 2

4-13

April 2018

Baker and Swanson (2016) indicated that in 2013 and 2014, 44 Arctic Grayling were tagged and released
at different capture sites, including Area 8, Stream K5, Lake L2, Stream L1A, Lake M4, and Stream 410.
The study found that Arctic Grayling used Kennady Lake, Lake L2, and Lake M4 as overwintering habitat.
Many of these fish were observed to overwinter in Area 5 and 6 in 2014 (which is an indication that the
fence barrier between Area 7 and Area 8 may not have been fully effective), followed by Area 8. Fish
overwintering in Areas 5 and 6 in 2014 would be lost to the downstream population. With respect to fish
movement, the study showed that the highest number of Arctic Grayling detections were recorded in Stream
K5, followed by Stream 410 and Stream L1a. Four of the fish captured at Stream K5 were also detected in
Streams L3 and L2, which may indicate that these fish overwintered in a lake downstream of Kennady
Lake, although their overwintering locations could not be confirmed. Thus, the study concluded that several
lakes may provide overwintering habitat, and fish that overwinter at different locations may use the same
stream for spawning habitat. The study also concluded that other unaffected downstream lakes in the area,
such as Lakes M4 and L2, could compensate for the loss of overwintering habitat in Kennady Lake.
In 2015 (i.e., after full isolation of Area 8 and completion of Phase I of the fish out), Baker and Swanson
(2016) indicated that 11 reproductively mature Arctic Grayling were tagged. Of these 11 individuals, eight
were detected over the monitoring period at receivers, with the remaining three presumed to have expired
after their spawning run. One Arctic Grayling tagged in 2014 was recaptured in the spring of 2015,
confirming overwintering survival. Fish tagged at Stream K5 were only observed to overwinter in Area 8,
and those tagged at Stream L1a were observed to overwinter in Lake M4. The study concluded that Lake
L2 did not appear to have been used as overwintering habitat by the fish tagged in 2015, although this may
simply reflect the small number of Grayling tagged in 2015.
In 2016, the study showed that only three reproductively mature Arctic Grayling were captured at the fish
fence installed at Stream K5. Of these fish, only one was detected in the fall of 2016 in Area 8. They
concluded that this individual likely overwintered in Area 8, suggesting that this isolated portion of Kennady
Lake remains as suitable overwintering habitat for Arctic Grayling (Baker and Swanson, 2016).
The tagging results from U of W show that overwintering habitat remained available for Arctic Grayling
downstream of the Mine, even after the isolation of Area 8, and movement of fish between habitats was
occurring. The decline in detection numbers coincided with the period after the fish out was completed
(Table 4.1- 2). The tagging results confirm movement between habitats was possible and successful
overwintering was occurring, which would be an indication that habitat availability and access were not
contributing factors to the population decline.

4.1.4

University of Waterloo YOY Occupancy Results

Results from the hierarchical model from the U of W (Baker et al. 2017) showed that during the summer of
2014, prior to the dewatering of the upstream Kennady Lake and the start of the fish out, the probability
that streams in the KLM watershed were occupied by Arctic Grayling YOY was on average 78% to 89%.
Velocity and depth conditions were relatively uniform across streams and were well within the ranges
reported as being suitable for use by YOY Arctic Grayling in Barrenland streams. Overall, the ranges of
ideal depths and velocities in streams in the KLM watershed in 2014 provided sufficient Arctic Grayling
YOY rearing habitat.
The results also show that after the start of the dewatering of Kennady Lake in 2015, and the first year after
the fish out, the probability of streams being occupied by Arctic Grayling YOY in the affected streams
(KLM watershed) reduced to 31% to 39%.
There was negligible probability of occupancy in several KLM watershed streams, including Stream K5,
and only very small portions of Streams M3, M2, and M1 were considered likely to have been occupied.
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The probability of occupancy in the downstream P-Lakes watershed (a control watershed within the LSA
downstream of Lake 410) and the unconnected W-Lakes watershed (also a control watershed, downstream
of Walmsley Lake) was higher than in the affected KLM watershed, averaging 48% to 82% and 40% to
73%, respectively. The control watershed streams have habitat characteristics that were otherwise similar
to those of the KLM watershed. Unlike the conditions prior to dewatering in 2014, after dewatering activities
had begun, there was a slightly positive relationship between increasing water velocity and Arctic Grayling
YOY probability of occupancy.
Analysis of data collected in 2016 by Baker et al. (2017) indicated a continuance of the pattern of lower
occupancy in streams in the affected KLM watershed streams, with higher occupancy observed in both
control watersheds surveyed in 2016. Occupancy by YOY Arctic Grayling in the KLM watershed averaged
33 ± 13%, similar to the range of occupancy observed in 2015, and significantly lower than occupancy
levels observed prior to the dewatering of Kennady Lake. The probability of occupancy in streams within
the P-Lakes watershed averaged 77 ± 7%, which was also within the range of observed probability of
occupancy in this system in 2015. Streams in the unconnected W-Lakes watershed had a lower probability
of occupancy than the streams in the P-Lakes watershed at 41 ± 14 %, which was also within the occupancy
range observed in 2015. It was noted that because only one round of surveys was possible in 2016, these
data represent occupancy probabilities from early in the season (Baker and Swanson 2016).
As discussed in Section 4.1.2, no YOY were captured during the 2017 occupancy surveys. Modelled data
in Baker et al. (2017) from the three previous years monitoring indicate that the timing of the 2017 survey
coincided with the period of highest detectability of Arctic Grayling YOY, with detection rates as high as
65% when fish are present. In contrast, streams in the two control watershed (unaffected by dewatering
activities) were occupied in 2017. YOY Arctic Grayling were captured in both the P-Lakes watershed (north
of Lake 410) and the W-Lakes watershed (south of Walmsley Lake).
The occupancy results from U of W show that available rearing habitats have been present for Arctic
Grayling YOY downstream of the Mine, even after the isolation of Area 8, and spawning and rearing of YOY
fish did occur, and the decline in YOY numbers coincided with the period after the fish out was completed
(Table 4.1-3). The lack of suitable spawning and rearing habitat is not a contributing factor or likely cause
for the declining numbers of YOY occupancy.

4.1.5

Summary of Removal of Main Breeding Population from
Kennady Lake

Although mitigations were put in place in an effort to isolate Arctic Grayling to habitats within Area 8 and in
the downstream watershed prior to the start of the Kennady Lake Fish Out, the fish out results would
indicate that a majority of the adult Arctic Grayling population was captured and removed. Subsequent
monitoring data collected as part of the AEMP and through research conducted by U of W confirmed a
noted drop in abundance in 2015, the year following completion of Phase I of the fish out, and a gradual
decline in the abundance of adult and YOY Arctic Grayling in each subsequent year.

4.2

Changes in Flow

Flow conditions have varied during the period of monitoring downstream habitats between 2013 and 2017.
Flow conditions in 2013 and 2014 were characterised as baseline as no Mine activities affecting flow had
yet occurred. In 2015, during Mine construction, flows downstream of Area 8 were augmented for the
duration of the open-water season via dewatering from Area 7 (Figure 4.2-1).
In 2016, during the second year of construction, dewatering from the mine footprint was limited to Lake N11
and flow from Area 8 reflected local watershed runoff and diversion flow from Lake A1 (Figure 4.2-1). In
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2017, the DFMP was implemented, and flows downstream of Area 8 were augmented by pumping water
from Lake N11 (Figure 4.2-1). Flow augmentation resulted in sustained flows above 0.2 m3/s during June
(flow augmentation began on June 6) and then above 0.1 m3/s for the remainder of the flow augmentation
period to the end of August.
Figure 4.2-1

Summary of Flows at the Area 8 Outlet, based on the Area 8 Outlet Open Water
Rating Curve

Sources: Golder 2014a, 2015, 2016, 2017

4.2.1

2015 - Dewatering

Water yields in open-water months along the dewatering flow paths downstream of Area 8 were similar to
baseline values in 2015, though still below EIS-projected values for the dewatering phase. Actual
dewatering discharge rates were below those assessed in the EIS, and local dry conditions prevailed from
May to July. Area 8, like most lakes, has naturally variable seasonal water levels, and a certain level that it
reaches once every ten years. To reduce the potential for erosion, dewatering pumping rates were planned
so that resulting water levels in Area 8 were prevented from rising higher than that 1:10 year level.
Dewatering discharge to Area 8 was stopped once in December 2014 for this reason. The lake outlets and
the streams connecting the lakes were checked for erosion in September 2015 and no erosion was
observed (De Beers 2016).
No changes to fish habitat and communities in the downstream flow paths outside of those predicted in the
EIS were evident in 2015. Arctic Grayling could still move into areas for spawning and the habitat for
spawning was still classified as good.
No barriers were found in the streams to limit large fish movement in the spring or summer of 2015. Suitable
habitat with lower velocity areas remained throughout the system and refuge was available for YOYs to
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avoid being swept downstream. Arctic Grayling adults and YOYs were detected, proving that spawning
occurred in 2015, although the number of fish detected was lower than previous years. No trapped fish
were found when flows decreased after the dewatering pumps were turned off and the water levels in the
downstream flow paths decreased (De Beers 2016).

4.2.2

2016 – No Dewatering and No Flow Mitigation

Hydrology results for Area 8, Lake L1, Lake M4, and Lake M2 showed that daily mean runoff was well
below baseline conditions between June and September 2016 (De Beers 2017c).
The lack of dewatering to Area 8 during construction in 2016 was not directly assessed in the EIS; however,
the effects of the resulting low flow conditions in Area 8 and the downstream L and M watersheds during
this period are equivalent to those predicted for conditions under the operations phase with no downstream
flow mitigation. The EIS predicted that without mitigation, there would be a decrease in habitat area and a
short-duration window when fish movements would not be restricted (De Beers 2011). Monitoring in 2016
showed that the lower flow conditions throughout the open water period did not result in direct effects on
the sustainability of fish populations downstream of Area 8. While effects to fish habitat were observed (i.e.,
low flows after spring that persisted for the remainder of the open water period, resulting in the early
formation of barriers), they did not prevent the 2016 spring spawning migrations of Arctic Grayling, and
suitable Arctic Grayling habitat was observed in the affected streams. Successful spawning was confirmed.
Anecdotal observations by the U of W in September 2016 suggested that nearly all streams within the KLM
watershed had much lower discharge levels, and all streams were impassable by fish (Baker et al. 2017).
Fall migrations of Arctic Grayling YOY to typical overwintering sites of Area 8, Lake M4, and Lake L2 were
likely to have been difficult to impossible. If there was a failure of recruitment of Arctic Grayling YOY for
2016, the population response may not be evident for several years, as each cohort requires at least two
to six years to reach sexual maturity (Baker and Swanson 2016, Stewart et al. 2007). These effects and
their potential to affect Arctic Grayling populations were considered temporary, and would be expected to
be mitigated with the implementation of the DFMP.

4.2.3

2017 – Downstream Flow Mitigation

The DFMP was implemented in 2017 to augment flows in downstream streams to maintain a minimum flow
threshold and avoid potential harmful effects on the fish community between Area 8 and Lake 410. Flow
conditions met the targets outlined in the DFMP. Flows were above 0.4 m3/s for the latter part of May, which
would have been sufficient for spring spawning migration to occur without barriers to fish movement.
Suitable rearing habitat conditions were present for the remainder of the open-water season with flows
remaining at or just above the DFMP target of 0.1 m3/s from July through August.

4.2.4

Summary of Changes in Flow

As indicated by the results of the 2015 – 2017 flow monitoring, flows suitable for fish passage have been
present during the spring spawning period for adult Arctic Grayling. Access to spawning habitat was
available every year and was not the direct cause of the observed decrease in adult Arctic Grayling.
Suitable spawning and rearing depths and velocities were present for YOY Arctic Grayling in 2015 and
2016. The declining trend in the numbers and occupancy within the downstream KLM watershed has largely
matched the declining trend in the adults, suggesting the likely cause of declining YOY is a result of a
decline in spawning adults rather than habitat availability.
Low flows for a large portion of the open-water season in 2016 as a result of the isolation of Area 8 and no
augmented downstream flow (i.e., dewatering or DFMP, and corresponding dry conditions) may have
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caused additional restrictions to fall migrations of Arctic Grayling YOY and juvenile fish to typical
overwintering sites of Area 8, Lake M4, and Lake L2, and resulted in additional losses to the population if
suitable overwintering habitats could not be accessed. This may have resulted in a partial or complete
failure of recruitment of Arctic Grayling YOY for 2016. Therefore, the change in flow in 2016, although
considered temporary, is also a likely contributing factor in the decline of Arctic Grayling.

4.3

Changes in Water Temperature

There is numerous literature that describes the effects of altered temperature regime on fish behaviour.
Key findings include:
•

River-dwelling fishes can be affected by changing water temperatures, as they often cannot avoid
habitats with suboptimal temperatures (Daufresne and Boet 2007).

•

River discharge and water temperature are two important habitat variables that may influence the longterm survival and population dynamics of grayling (Stewart et al. 2007).

•

Embryonic and larval development can be affected by temperature changes during these early
developmental stages (Wedekind and Küng 2010).

•

A change in temperature regime may also affect juvenile metabolism, nutritional needs, growth, and
survival during the summer months, when there is a risk that water temperature can increase to
stressful levels (Wedekind and Küng 2010).

•

Adult Grayling growth is reduced in years of low flows and high temperatures and may stress Arctic
Grayling populations (Stewart et al. 2007).

•

Increased temperatures have also been shown to drive decreases in abundance of grayling (Wedekind
and Küng 2010).

Table 4.3-1 provides temperature tolerance ranges for the various life stages of Arctic Grayling in the
Northwest Territories (Stewart et al. 2007).
Table 4.3-1

Observed Temperature Tolerances of Various Life Stages of Arctic Grayling

Habitat Feature

Life Stage
Young of the year

Spawn/egg

Juvenile

Adult

Tolerance
Range

Spawning: 4 to 16°C
fluctuating around daily
means of 6 to 10°C
Incubation: Successful
in the laboratory at
constant temperatures
of 5.8 to 15.5°C

MTL = 21.5 to 24.2°C
for sac fry acclimated
to 8.5 ± 1°C

5 to 17°C

0.3 to at least 16.7°C

Tolerance
Limits

Spawning: Daily low of
2°C, daily high of
16.7°C
Incubation: Unknown

UILT = 27.5 to 27.9°C
for young-of-the-year
acclimated to 15°C
24.8 to 24.9°C for fish
acclimated to 5°C

UILT ranges from
23°C for fish
acclimated to 8.4°C
to 25°C for fish
acclimated to 20°C

N/A

Temperature
(°C)

Source: Stewart et al (2007)
MTL = median tolerance limits; UILT = upper incipient lethal temperature; N/A = not applicable.

Field programs conducted in the downstream KLM streams suggest that water temperatures outside the
tolerance range of Arctic Grayling occurred during the summer months in 2014 and 2016 (Figure 4.3-1)
(Golder 2014a, 2015, 2016, 2017). In 2014 (a non-Mine affected year), daily maximum temperatures were
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>25ºC on many days from August 4 to September 30, and reached a maximum of 28.2ºC on August 13.
These temperatures are above the median tolerance range for YOY Arctic Grayling and at times exceeded
the upper lethal limits for both juvenile and YOY fish as suggested by Stewart et al. (2007) (Table 4.3-1).
As these temperatures occurred later in summer, it is likely that most YOY and juvenile fish would have had
the opportunity to move upstream or downstream into cooler waters. Any remaining 2014 YOY and juvenile
year classes in the streams under these conditions that could not escape from these temperatures would
have been stressed, and may not have survived. Although high numbers of YOY were observed in 2014
(as shown in Table 4.1-3), most of the YOY were observed prior to the increase in temperature; numbers
of Arctic Grayling YOY recorded decreased after August 4, 2014 (Golder 2015).
Figure 4.3-1

Comparison of Daily Maximum Water Temperatures Recorded in Stream K5, during
the Open Water Period, Since 2013

Sources: Golder 2014a, 2015, 2016, 2017

Spot measurements of water temperatures in the downstream KLM watershed streams in 2015 ranged
from 7.3 to 14.5ºC during the open water season (Golder 2016). The sustained flow augmentation as a
result of the dewatering of Kennady Lake into the downstream KLM watershed may have been a
contributing factor to the lower water temperatures recorded (Golder 2016). Water temperatures in 2013,
2015, and 2017 were within optimal ranges and below the tolerance limits identified in Table 4.3-1, and no
temperature stress or effects should have occurred.
During 2016, when the upper Kennady Lake watershed was isolated from Area 8 and no pumping occurred,
daily maximum temperatures were >25ºC on many days from June 30 to August 5, 2016 and reached a
maximum of 30.6ºC on July 9, 2016. These temperatures are above the median tolerance range for YOY
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Arctic Grayling and at times were in excess of the upper lethal limits for both juvenile and YOY fish as
suggested by Stewart et al. (2007) (Table 4.3-1).
As elevated temperatures occurred early on in the year, when egg incubation and emergence were likely
occurring, this would put the 2016 YOY in the streams under stress, which could have affected survival.
Any incubating eggs not hatched by the end of June 2016 would have been subjected to elevated
temperatures, which may have caused mortality. As low flows (below baseline conditions) persisted for
most of the open water period in 2016, resulting in the early formation of barriers, it is likely that any
remaining YOY and juvenile fish trapped by these barriers may have been exposed to these temperatures
without the ability to escape to cooler waters. This effect was considered temporary due to the
implementation of the DFMP in 2017 (De Beers 2017c).
The causes of high water temperatures in the downstream KLM watershed streams in 2016 are complex,
and best described as partly environmental (i.e., warm summer temperatures, dry year) and partly a result
of reduced flow conditions persisting for an extended period of the open-water season (i.e., 2016 was a
non-pumping year during construction). Air temperatures recorded at the Mine for the open water period
(May to September) in 2016, indicated that 2016 was a warmer year in comparison to 2015 (Figure 4.3-2),
with high maximum air temperatures occurring in June and being sustained through August (Golder 2016,
2017).
When compared to regional air temperatures recorded in Yellowknife, NT, located 280 km southwest of the
Mine, a similar pattern is shown, confirming that 2014 and 2016 had the warmest June and July periods
over the past five years, coinciding with the downstream monitoring programs (Figure 4.3-3) (Government
of Canada 2017). These temperature trends are reflected in the water temperatures recorded in Area 8
since 2015, where again 2016 indicated the highest water temperatures in July (Figure 4.3-4) (Golder
2014a, 2015, 2016, 2017).

De Beers Canada Inc.

Gahcho Kué Mine
2017 AEMP Response Plan Version 2

Figure 4.3-2

4-20

April 2018

Comparison of Monthly Minimum and Maximum Air Temperatures Recorded at
Gahcho Kué Mine between May and September in 2015 and 2016

Sources: Golder 2016, 2017

Figure 4.3-3

Comparison of Monthly Maximum Air Temperatures Recorded in Yellowknife
between May and September, from 2013 to 2017

Source: Government of Canada 2017
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Comparison of Monthly Minimum and Maximum Water Temperatures Measured in
Area 8 between May and September, from 2015 to 2017

Sources: Golder 2014a, 2015, 2016, 2017

4.3.1

Summary of Changes in Water Temperature

In summary, the temperature data suggest that a combination of environmental conditions (e.g., low flow
conditions and corresponding low water level due to the isolation of the upstream watershed, dry years)
were likely the primary contributing factors that resulted in higher temperatures recorded in Stream K5 (and
likely all the downstream KLM watershed streams) in 2014 and 2016. In 2016, higher air temperatures
coincided with extremely low flows, which likely compounded the temperature increases, particularly from
late June to early August. As shown by the tolerance ranges, this would have put Arctic Grayling eggs,
YOY, and juveniles, which were unable to escape these high temperatures, at risk. This may have resulted
in a failure of recruitment of Arctic Grayling YOY for 2016. Therefore, the change in flow in 2016, although
considered temporary, compounded with the high environmental temperatures, is considered a contributing
factor in the decline of Arctic Grayling.

4.4

Summary of the Likely Causes and Lines of Evidence

Based on the information available and lines of evidence presented, there is no obvious causal factor that
would be considered the sole cause of the decline in Arctic Grayling adults and YOY in the downstream
KLM watershed in 2017. The fish out and catch results indicate that the remnant population after the
completion of the fish out activities in 2014 and 2015 was likely very small. The number of adult Arctic
Grayling remaining in Area 8 after the fish out was likely a few dozen fish at most (i.e., <1 fish per hectare),
which would be well below the density threshold (i.e., less than 6.9 fish per 300 m of stream or 11.5 fish
per hectare) described by Alberta Environment and Parks and Alberta Conservation Association (2015) as
indicative of a population at very high risk.
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With the low number of adult fish remaining, the population would be susceptible to collapse through
predation by Northern Pike or from an environmental perturbation. Declining Arctic Grayling catch numbers,
recorded during the AEMP and by the U of W in the downstream KLM watershed coincided with the period
after the fish out was completed. The data also confirm that the potential cause of the declining population
of Arctic Grayling in the downstream KLM watershed was not a result of a lack of suitable overwintering, or
lack of suitable spawning and rearing habitat for YOYs. Lack of suitable habitat was not a contributing factor
or likely cause for the declining numbers of these fish captured.
As noted by the late summer and fall flows in 2016, fall migrations of Arctic Grayling YOY to typical
overwintering sites of Area 8, Lake M4, and Lake L2, was likely to have been difficult to impossible. This
may have resulted in a failure of recruitment of Arctic Grayling YOY for 2016. Therefore, the change in flow
in 2016, although considered temporary, is considered a likely contributing factor in the decline of Arctic
Grayling.
Two of the past four years, both of which occurred during or after the fish out, had high water temperatures
to the extent that they may have caused mortalities in YOY and juvenile fish. In particular, the occurrence
of high temperatures in 2016 coincided with the timing of egg development and larval emergence that could
have resulted in direct mortalities. In addition to the elevated water temperatures, the flow conditions in
2016 were below normal and barriers to fish movement persisted for much of the open-water period. Any
fish remaining in the downstream habitats from Area 8 may not have been able to move to areas with more
favourable temperatures once the water temperatures began to rise.
Based on the information evaluated and summarized in this document, it is likely that the sequence of
multiple events, some Mine-related and some environmental, all contributed to the result of no observed
Arctic Grayling in 2017. The timing of each stressor was such that one perturbation potentially confounded
the other. In summary:
•

The isolation of Area 8 and removal of a large proportion of the Arctic Grayling population from Kennady
Lake occurred in 2014 and 2015 as part of the fish out.

•

In 2014, naturally occurring high water temperatures were recorded, which may have caused additional
mortalities to the already reduced population in Area 8 and the immediate downstream watershed.

•

In 2016, high water temperatures, likely caused by a combination of high air temperatures, dry
conditions, and low flow conditions, may have caused additional mortalities to the already reduced
population. Also, the low flow conditions for most of the open-water season would have restricted any
movement to suitable overwintering habitats.

The availability of suitable physical habitat (excluding considerations of temperature) and access to habitats
for spawning were not likely causes of the observed decline and subsequent absence of Arctic Grayling.
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RESPONSE ACTIONS

The AEMP Study Design Version 5, defined a set of AEMP “Best Practices” and suggested types of
response actions to be taken if a Low Action Level is exceeded (De Beers 2015a). These were evaluated
and proposed as preliminary response actions in Version 1 of the AEMP Response Action Plan (De
Beers 2017a).
The response actions listed in the AEMP Response Plan (Version 2) include revisions as required by the
Board (Table 1-1) following review, as well as an evaluation of the ecological implications if the Low Action
Level trigger is sustained, with a discussion of how this relates to the significance threshold, as defined by
the AEMP Design Plan (De Beers 2015a). Moderate Action Level criteria are also identified and set for the
remainder of the AEMP, for inclusion in the AEMP Re-evaluation Report. High Action Levels would be
determined following the completion of the 2018 studies identified in the AEMP Response Plan (Version
2).
The revised response actions for the AEMP Response Plan (Version 2) are investigatory for 2018 and will
continue to be evaluated and adapted as part of the AEMP, should Arctic Grayling continue to be absent
from the downstream KLM watershed in 2018. They include:
•

Confirm the Low Action Level trigger, in terms of spatial and temporal extent. As required by the Board,
this will include a special effects study to determine if Arctic Grayling exist but were not detected during
the study, and will determine if they exist in further downstream reaches of Area 8.

•

Conduct an assessment to determine whether the current flow augmentation is adequate.

•

Revise the Low Action Level criteria, if warranted and scientifically defensible.

•

Set site-specific benchmarks, if appropriate.

•

Set the Moderate and High Action Level criteria, if warranted and scientifically defensible.

•

Identify mitigation(s) to stop or slow trend, and implement mitigation(s), where applicable. As directed
by the Board, these will include:

•

−

assessing if flow mitigation from Lake N11 is of sufficient volume or at the right time to support
spawning of Arctic Grayling during low flows, or if flow mitigation is required at a higher volume or
on a more frequent basis.

−

investigating and identifying measures which can be implemented to ensure Arctic Grayling return
to Area 8 during operations, should Arctic Grayling’s absence be confirmed in 2018 monitoring
program.

−

providing a contingency plan should Arctic Grayling continue to be absent in 2018.

Provide an assessment of whether Arctic Grayling would be expected to return to Kennady Lake postclosure, if they do not exist or spawn in Area 8 during operations.
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Justification of Actions
Confirm the Low Action Level Triggers, in Terms of Spatial
and Temporal Extent

The first response action will be to confirm if the two Low Action Level criteria triggered in 2017, are
persistent in 2018; that is, if Arctic Grayling adults are not detected moving to spawning areas between
Area 8 and Lake M4 within the normal spring period, and Arctic Grayling YOY are absent in the system
and/or not distributed similar to baseline. As required by the Board, this will include a special effects study
to determine if Arctic Grayling exist, but were not detected during the study, and will determine if they exist
in further downstream reaches of Area 8.
As such, in 2018, the geographic extent of the AEMP fish habitat and community monitoring program will
extend to include Area 8 itself, upstream of the Stream K5 outlet, and all of the downstream KLM watershed
lakes and streams to Lake 410, including the portion of Lake 410 near the Stream M1 inlet and the outlet
of Lake 410. Sampling methods will include the current AEMP methods (i.e., spring fish fence and RFID
tagging program at Streams K5 and L1a; summer and fall visual observations at all KLM watershed
streams) as well as additional summer and fall backpack electrofishing, shoreline snorkelling, underwater
video surveys, and angling. Although sampling will target Arctic Grayling, similar to previous AEMP
sampling, other fish species captured or observed will also be recorded (i.e., Northern Pike in the KLM
watershed). Extending the geographic extent of the AEMP fish habitat and community monitoring program
will confirm if, and where, Arctic Grayling, along with other species such as Northern Pike, are currently
present between the Mine and Lake 410. This information will also support the assessment of what
measures and mitigations are needed to make sure Arctic Grayling return during operations and/or closure.
The use of additional sampling methods will increase the chance and provide additional confidence that
Arctic Grayling will be detected if they are present between Area 8 and Lake 410.

5.1.2

Flow Augmentation Assessment

As part of the 2018 AEMP downstream flow monitoring, an assessment will be conducted to determine
whether the current flow augmentation, as outlined in the DFMP (Golder 2012, 2014c), is adequate. This
will include an evaluation of the current flow monitoring methods to determine if improvements to data
capture and analysis are required to allow for real-time assessment and operational adjustments to
pumping targets. Operational flow mitigation pumping activities will be evaluated to determine if
improvements or changes to the pumping system are required to achieve the downstream flow conditions
necessary to support (and potentially to re-establish) the Arctic Grayling population downstream of Area 8.
The DFMP was developed specifically for Arctic Grayling migration and spawning, but also to be protective
of species such as Northern Pike,
The focus of the assessment will be on the flows required for the free passage of Arctic Grayling during the
spring spawning period between Area 8 and Lake 410. Additional seasonal free passage flow requirements
for Arctic Grayling between Area 8 and Lake 410 will also be assessed, as well as the potential need for
additional early or late season pumping to maintain lake elevations in Area 8.

5.1.3

Revise the Low Action Level Criteria, if Warranted and
Scientifically Defensible

For 2018, no changes will be made to the Low Action Level criteria for Physical Habitat Alteration or Flow
Mitigation in the AEMP. These criteria may be revised once the spatial and temporal extent of Arctic
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Grayling has been determined after the 2018 monitoring, and will include consideration of comments
submitted to the Board during the review of the AEMP Response Plan (Version 1).
If warranted, changes to the AEMP will be recommended in the AEMP Re-evaluation report, which will
incorporate the findings of this AEMP Response Plan.

5.1.4

Set Site-specific Benchmarks, if Appropriate:

No site-specific benchmarks are required for the fish habitat and community Action Levels.

5.1.5

Set Moderate and High Action Level Criteria, if Warranted and
Scientifically Defensible

As directed by the Board, only the Moderate Action Level criteria for Flow Mitigation are to be revised for
Version 2 of the AEMP Response Plan, as more information is still required prior to establishing the High
Action Level criteria. The revisions to the Action Level criteria for Flow Mitigation are presented in Table
5.1-1.
Table 5.1-1
Action Level

Low(a)

Moderate
High
(a)

Revised Action Levels – Flow Mitigation
Flow Mitigation
For the years where flow mitigation is provided, downstream flows are <0.4 m3/s during the period of
Arctic Grayling migration
OR
Arctic Grayling adults are not moving to spawning areas within the normal spring period (as per baseline
information)
OR
Arctic Grayling fry are not present in the system and/or not distributed similar to baseline
Arctic grayling are absent in a subsequent monitoring year
To be determined

Changes below the Low Action Level are within the estimated magnitude of background variation and are considered to represent negligible
levels of environmental change.

5.1.5.1

Moderate Action Level

Arctic Grayling was selected as an indicator species for the remaining fish population downstream of Area 8
(including fish species such as Northern Pike). As directed by the Board, the Moderate Action Level is
associated with the sustained absence of a fish species downstream of Kennady Lake. As such, the
Moderate Action Level trigger will be the absence of Arctic Grayling in Area 8 and the downstream KLM
watershed in a subsequent monitoring season (i.e., confirmatory season in 2018).

5.1.5.2

High Action Level

As directed by the Board, the High Action Level will be reviewed after 2018, or when there is a better
understanding of the issues associated with Arctic Grayling presence, distribution and population,
downstream of Kennady Lake.

5.1.6

Assessment of Arctic Grayling Return to Kennady Lake
during Post-Closure

As directed by the Board, an assessment of whether Arctic Grayling would be expected to return to Kennady
Lake, during post-closure if they do not exist or spawn in Area 8 and the downstream KLM watershed during
operations, will be provided.
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This assessment will be conducted after the response actions described in Sections 5.1.1 to 5.1.5 are
complete, and the presence and distribution of Arctic Grayling, downstream of Area 8, is better understood.
The assessment will be incorporated, as necessary, in the 2018 AEMP Report and the AEMP Re-evaluation
Report.

5.1.7

Identify Mitigation(S) to Stop or Slow Trend, and Implement
Mitigation(S), where Applicable

The continued implementation of the DFMP in 2018 will provide the appropriate mitigation for maintaining
suitable fish habitat and will provide adequate depths and velocities to avoid further potential harmful effects
on the fish communities between Area 8 and Lake 410. As directed by the Board, and following the
outcomes of the response actions in 2018, the following contingency planning and mitigation will be
addressed as part of the response plan:
•

Should Arctic Grayling continue to decline or be absent in 2018, a contingency plan to address the
sustained absence of this species in a subsequent monitoring year (Moderate Action Level trigger), will
be developed. This will include identifying mitigation strategies that can be implemented to make sure
Arctic Grayling return to Area 8 and the downstream KLM watershed during operations.

•

Improvements to the operational pumping activities, identified during the 2018 flow augmentation
assessment, will be implemented, where possible. Any additional mitigation or improvements, related
to the timing and volume of flow mitigation, will be identified for future implementation.

Further mitigation may be identified once the downstream spatial and temporal extent of Arctic Grayling
presence has been determined. These will be presented in the AEMP Re-evaluation report.

5.2

Timeline

Any changes to the AEMP Action Levels, based on the Response Plan (Version 2) and recommendations
of the Board, will be incorporated into the 2018 AEMP Re-evaluation Report. The results, after further
analysis of fisheries data in the Response Actions, will be incorporated into the 2018 AEMP Report.

5.3

Projection of Environmental Responses

De Beers will review existing data on the downstream fish habitat and community. It is unknown at this time
whether an increase of Arctic Grayling will be observed over time and thus a projection of environmental
response is not provided.

5.4

Monitoring Plan

Monitoring will continue as described in the AEMP Version 5, and extending the geographic extent of the
monitoring in Area 8 itself and the downstream KLM lakes and streams, to and including a portion Lake 410
(near the Stream M1 inlet and Lake 410 outlet channel). Until the response actions described in Section
5.1 are complete and the presence and distribution of Arctic Grayling is better understood, no further field
monitoring is proposed.

5.5

Reporting Schedule

A technical report presenting the results of the responses described herein will be submitted to the Board
on October 31, 2018. The results will be incorporated, as necessary, in the 2018 AEMP Report and the
AEMP Re-evaluation Report.
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