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Executive summary

On June 24, 2024, the heap leach pad at Victoria Gold Corporation’s Eagle Gold Project failed.
In response, the Government of Yukon and the First Nation of Nacho Nyak Dun commenced a
multi-year Fisheries Monitoring Program to detect acute (short-term) and chronic (long-term)
changes to the freshwater populations within the Haggart Creek watershed. This includes
monitoring population dynamics, abundance, movement and heavy-metal concentrations in fish

tissue.

In 2024, the joint program completed the first year of assessment. Standardized fisheries
sampling techniques, including backpack electrofishing, sample angling and minnow trapping
were used to assess the whole watershed, including sites directly upstream and downstream
from the mine. Sampling locations were a combination of randomly selected locations following
standard river assessment methodologies and sites previously assessed in the baseline
assessment prior to the mine’s construction. Of 52 proposed sites, 44 were sampled using
single-pass backpack electrofishing, providing a current perspective on species presence,
relative abundance, population structure, and habitat conditions. The key findings from year

one include:

e Species composition and abundance: Seven fish species were documented in the
survey: Arctic grayling (Thymallus arcticus), round whitefish (Prosopium cylindraceum),
slimy sculpin (Cottus cognatus), Arctic lamprey (Lethenteron camtschaticum), burbot
(Lota lota), chinook salmon (Oncorhynchus tshawytscha), and northern pike (Esox
lucius).

o Four of the seven species were present in the Haggart Creek watershed: Arctic
grayling (Thymallus arcticus), round whitefish (Prosopium cylindraceum), slimy
sculpin (Cottus cognatus), and burbot (Lota lota).

o Arctic grayling and slimy sculpin were the most abundant species. Arctic
grayling catch rates were consistent with historical data, suggesting moderate
abundance despite potential impacts from the mine failure.

e Spatial variability: Significant differences in fish size and abundance were observed
across sub-drainages, with lower abundance and altered size distributions in the

mainstem of Haggart Creek near the impact zone compared to upstream tributaries.
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o Habitat fragmentation: Partial barriers, such as culverts and beaver dams, were
identified as potential contributors to localized differences in fish distribution,
compounding the effects of sedimentation and water quality changes from the mine
incident.

e Mark-recapture studies: Over 200 Arctic grayling were tagged to establish baseline

population metrics for long-term monitoring using a Jolly-Seber open-system model.

Preliminary results indicate the watershed supports a diverse fish assemblage, and the
mainstem of Haggart Creek shows reduced Arctic grayling abundance, potentially linked to
human activities. The findings underscore the need for continued monitoring to distinguish
between natural variability and human impacts, thereby informing mitigation strategies. The
2024 assessment provides critical baseline data for understanding the ecological consequences
of the Eagle Mine incident, supporting evidence-based decision-making for fish conservation

and management.
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Introduction

Background

Project location

The Haggart Creek Watershed is located 85 km north of the town of Mayo, Yukon, within the
traditional territory of the First Nation of Nacho-Nyak Dun. Haggart Creek flows southward
towards the South McQuesten River within the Stewart River drainage of the Yukon (Figure 1).
The Victoria Gold Corporation’s Eagle Gold Project is located within the Dublin Gulch drainage
area of the Haggart Watershed, 27 km upstream of the South McQuesten. Since 2011, Victoria
Gold Corporation has developed and operated an open-pit gold mine employing a heap-leach

process for extracting gold (Harvey et al., 2022).

Environmental baseline assessment

The Dublin Gulch sub-watershed supported historical placer mining activity. Between 2007
and 20009, the Victoria Gold Corporation conducted an environmental baseline assessment led
by Stantec Consulting to provide an aquatic baseline prior to the open-pit mine development
(Stantec, 2010). Stantec assessed 69 sites within a local study area using backpack
electrofishing and gill nets, completing habitat assessments at the sampling locations. Of the
69 sites, 38 were found to be fish-bearing, with detections of Arctic grayling (Thymallus
arcticus), chinook salmon (Oncorhynchus tshawytscha) and slimy sculpin (Cottus cognatus).
The baseline study remains critical for understanding pre-mine aquatic conditions, providing a
valuable reference point for comparative analysis of the region's ecosystems, both historically

impacted and during the current monitoring efforts.

Heap leach failure

OnJune 24, 2024, Victoria Gold Corporation’s Eagle Gold Project experienced a catastrophic
failure of the heap leach pad. In response, the Government of Yukon (YG) and the First Nation
of Nacho Nyak Dun (FNNND) collaborated to conduct environmental monitoring programs,
including water quality and fisheries assessments, in the downstream environment of the Eagle
Gold mine, to assess the impacts and inform potential risks associated with the heap leach

failure.
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Figure 1 Location of the Haggart Creek watershed.
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Fisheries monitoring program goals and objectives

Goals

InJuly 2024, YG and FNNND created a joint Fisheries Monitoring Program to monitor the
freshwater fisheries populations within the Haggart Creek watershed. The program aimed to

achieve the following goals.

e Evaluate the acute (short-term) and chronic (long-term) effects of the heap leach failure
and the operation of the mine on freshwater fish population dynamics, growth, cyanide
contamination, heavy-metal contamination and habitat characteristics.

e Detect and monitor changes over time by distinguishing natural variability from human-
caused impacts. The program will establish baseline data to monitor trends over the
short term (2-5 years) and long term (20 years).

e Develop an aquatic cumulative effects model to better understand how multiple
stressors influence fish abundance and fish habitat integrity

o Inform mitigation and restoration efforts by identifying priority areas for aquatic habitat

restoration and support recovery efforts for impacted species.

2024 objectives
To achieve these goals, the 2024 program focused on the following objectives:

e Assess freshwater fish species presence, abundance, structure, and distribution.

e Assess the current availability, structure and condition of fish habitats.

e Provide a comparative analysis of the prior environmental baseline information to
identify and quantify any biologically significant differences.

e Initiate a multi-year, open-system, mark-recapture survey using a Jolly-Seber model for
Arctic grayling.

e Conduct a lethal fish sampling to test for heavy-metal contamination in tissue.

This report summarizes the joint YG/FNNND 2024 Fisheries Monitoring Program, excluding the
results of the tissue analysis. Tissue sampling findings may be presented by the Department of

Health and Social Services.
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Methods

Survey scale

The program focuses on conducting fisheries assessments at a watershed scale to monitor how
freshwater populations respond to potential contamination resulting from the heap leach
failure. Standardized methodologies were applied to assess the species diversity, relative

abundance, population structure, distribution and sustainability of fish stocks and their habitats.
The fisheries assessment focuses on monitoring two types of sampling sites:

State sites — These provide information on the relative abundance, distribution and structure of

fish populations within the watershed in areas not expected to be influenced by mining activity.

Impact sites — These provide information on the relative abundance, distribution, and structure

of fish populations at locations within the pathway of effects from the mine.

Standards

The understanding of the risks, duration and consequences associated with the heap leach
failure at the Eagle Mine site is evolving as multidisciplinary agencies continue their
assessments. The Fisheries Monitoring Program is expected to be a multi-year project to assess
inter-annual and annual effects and variation. Standardized methods align with established
fisheries and habitat monitoring guidelines to ensure consistency and comparability over time

and across watersheds. Key references include:

e The detailed sampling standards supporting this assessment include those described in
Coldwater Fish in Wadable Streams (Dunham et al., 2009),

e Standard Operating Procedure for Small Stream Backpack Electrofishing (Government
of Alberta, 2017),

e Fish Survey Methods for Rivers (Schiek & Sullivan, 2014),

o GRTS: User-friendly method for Busy Biologists (Reilly et al, 2023),

e Reconnaissance (1: 20,000) Fish and Fish Habitat Inventory (Vavenby et.al., 2001)

e Fish and Fish Habitat Baseline (Stantec, 2010).
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Sample timing, location, and size

Timing

Fish were sampled during July to September under stable flow conditions (between the lower
25th and upper 75th percentiles for water flow) when they are widely distributed throughout

the watershed. This timing minimizes variability caused by spawning or migration and

maximizes capture efficiency.

Water flow measurements throughout the watershed from 2007 to 2009 revealed that the
pooled mean flow between June and September was 1.789 m3/s. The pooled mean lower 25"
and upper 75" percentile for the same period were calculated as 1.610 m3/s and 1.963 m?/s,
respectively (Gardener et al., 2010). This time window is expected to increase visibility and
optimize fish capture efficiency, mitigating some of the environmental factors that affect
catchability (proportion of the population available to be captured with a standard unit of effort
and timing window). These conditions increase the chances of detection and capture and

reduce variability among sites.

Sample locations

Traditional random selection tools can lead to site clustering. To avoid clumping, sites were
chosen using a Generalized Random Tessellation Stratification (GRTS) method. GRTS is a
spatially balanced sampling design, which allows biologists to add additional or replacement
sites as needed while retaining overall spatial balance. GRTS also allows for weighting site
selection based on strata of interest (e.g. if you want more survey points on Order 3 streams)

(Reilly etal., 2023).

State sample sites were selected randomly using GRTS. Exact locations may vary in the field
based on site conditions and discrepancies from the GIS watershed layer. Impact sites are not
randomized; they are all located in Dublin Gulch and the mainstem of Haggart Creek. Impact
sites were selected from the Stantec (2010) report at locations downstream of the mine in the
expected pathway of effect. Stantec (2010) details the site selection criteria, with the initial

sites selected from a systematic random sampling design.
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Sample size

The number of watershed sampling sites was determined using a power analysis to ensure that
trends in population size, distribution, and structure can be detected with a desired level of
power and precision (Stevens and Olsen, 2004). The initial sample size was estimated using an
alpha of 0.05, with the goal of detecting a 50% change in the population with an 80% power
over a minimum of five years of sampling. To complete the power analysis, the standard
deviation of the catch was estimated from the Stantec (2010) capture data at 1.88 units on a

log scale, and the process error was set at 0.2 on a log scale.

The results of the power analysis indicated that the sampling design for year one should
include a total of 52 sites, 200 m in length. Of these 52 sites, 49 sites are located in the
Haggart Creek watershed, with 3 sites located along the South McQuesten Road (Figure 2). The
survey was divided into ground-based sampling sites (n=26) and helicopter access sites

(n=26). Of the 52 sites, 23 were impact sites (44%), and 29 were state sites.

Future surveys may add additional sites if site conditions degrade due to natural or human-
caused impacts (Schiek & Sullivan, 2014; MacPherson et al., 2024). New sites can reflect
importance to First Nations, local resource users and other interests. Data from these sites can

be plotted with GRTS data but may need to be isolated for trend analysis and reporting.

Fish capture and analysis

Capture

Fish are sampled using single-pass backpack electrofishing in open 200 m transects and
angling in 2000 m open transects (Bonar et al., 2009; Meador et al., 2003, Dunham et al., 2009;
Honkanen, et al., 2018; MacPherson et al., 2024). Angling sites are limited to Lynx Creek and
one pool on the mainstem of Haggart Creek. Angling was not used in other areas due to
changes in water clarity that affected catchability across the watershed. Sampling points

represent the start of each sampling reach (Figure 2).
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At electrofishing sites, each site was broken up into four 50m sampling reaches labelled A to D
(e.g.0-50 m =reach A, 51-100 m =reach B, 101-150 m =reach C, 151-200 m =reach D). At

angling sites, each site was broken up into four 500m intervals.

Open transects are selected, rather than employing block nets, to expedite sampling while
maintaining accuracy in order to complete sampling prior to potential contaminant release from
the heap leach failure. Post et al. (2022) and MacPherson et al. (2023) demonstrated the ability
to assess and formulate recovery actions for very low-abundance salmonid species at risk using
single-pass electrofishing and, in many instances, without block nets. Meador et al. (2003)
demonstrated that single-pass electrofishing captured 80-100% of total species richness. They
also showed that the open transect method that does not use block-nets did not differ

significantly from surveys which used them.

In future survey years, we may use block-netted multi-pass electrofishing to improve our
population estimates. Hedger et al. (2013) and Honkanen et al., (2018) found this method to be
accurate, as long as at least three passes are completed, the nets are set up properly, and there
are enough marked fish in the system. As this method is more intensive, it will be used as time

and effort allow.

Biological data and analysis

Biological data is collected from all fish species captured within each reach, combined and
reported at the site level. The data collected is used to report on fish community structure and
biodiversity indices. Observed fish by species are recorded for each reach within a site. Catch
rates are the combined total of captured and observed fish. Data collected from each fish
included fork length (mm) and total length (mm) for all fish being live-released. Any injuries or
abnormalities were reported. Fish were marked with Passive Integrated Transponders (PIT) tag
numbers and fin clips. Clips retained for DNA analysis include each fish's DNA sample number
and fork length. For fish lethally sampled, weight (g), sex, maturity and otoliths for an aging
structure were retained. Otolith vials are marked with the sample number, species, fork length

and data.

Analysis of length, age, weight, growth and Fulton condition factors may occur annually or once
sufficient sample sizes are acquired to be informative. Data will be displayed using histogram

distributions with bin ranges compared against the percent of the sample. Size structure will be
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evaluated based on Relative Stock Density (RSD) as a standardized length-categorization
system to assess stock composition (Gabelhouse, 1984). RSD provides defined size thresholds
tied to five standardized categories identifying fish as: stock, quality, preferred, memorable and
trophy fish. RSD allows for comparisons within and between waterbodies by species because
the sizes are standardized, and it is a valuable tool to investigate how a fish stock has

responded to changes impacting structure and abundance (Gabelhouse, 1984).

Given the above, our annual comparisons of trend data shall largely be based on single-pass
data, validated utilizing population estimates from multi-pass depletion methods. The analysis
of trends will follow the approach reported in Neufeld, K. and MacPherson, L. (2018), Post et al.
(2022) and MacPherson et al. (2023), including the Shiny App for Bayesian CPUE Analysis.

Relative abundance and catch rates

Relative abundance is an index of the true abundance within the watershed, measured through
catch rate (catch per unit effort-CPUE) (Dunham et al., 2009; Honkanen, et al., 2018). The
assumption is that CPUE indexes density and that fluctuations in density measured over time
that fall outside a range of natural variability correspond to shifts in the population (Dunham et
al., 2009; Honkanen et al., 2018). Validating this assumption through a mark-recapture
experiment helps assess the precision and accuracy of catch per unit effort (CPUE) in detecting
changes in population abundance and structure. Repeated annual monitoring further describes

the inter-annual variability in the data and highlights uncertainty in key parameters.

CPUE can be expressed in many forms based on reach length or reach area and standardized
for effort (e.g. electrofishing seconds or fishing time). For Yukon rotational watershed surveys
on small, wadable streams, CPUE is standardized as fish/200m/1200sec. The equation for

standardizing catch rate data is:

Catch |
seconds Distancex.,)

Equation 1 Electrofishing Catch Rate Standardization: ((1200 sec) |~ 200m ))

Catch rates are the sum of measured and observed fish for each reach by site. They can be
adjusted by species for catchability (q) and capture efficiency (CE) to improve the accuracy of

population trend assessments and density estimates (Dunham et al., 2009; Neufeld et al., 2018;
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MacPherson et al., 2023). Haggart Creek catch rates will be adjusted following future sampling

events.

Fish tagging and mark-recapture

To complement the single-pass electrofishing and sample angling, Arctic Grayling over 155mm
fork length were injected with PIT tags in the sub-dorsal space as the primary mark for a multi-
year, open-system mark-recapture experiment using the Jolly-Seber method (Seber, 1965). A
secondary mark of a left pelvic fin clip will be used to identify tagged fish and used as a genetic
sample. Tags are injected into the fish’s dorsal musculature, providing reliable long-term
identification with minimal interference with fish behaviour and physiology (Bonar et al., 2009).
Each fish was measured and released at the capture site immediately after tagging to reduce
handling stress. The Jolly-Seber model is a tool to estimate total population size by recapturing

tagged fish and relies on several assumptions, as outlined by Pine et. al (2012):

e Equal capture probability among all individuals: all individuals, tagged or untagged,
within the population have an equal probability of being captured during each sampling
event.

o Accurate identification upon recapture: to meet this assumption, all fish will be scanned
with a PIT tag reader and visually inspected for a secondary mark.

e Minimal handling effects on fish behaviour and decision-making: to meet this
assumption, all individuals will have a short handling time and quick releases near the
marking site.

e No effect on fish survival: to meet this assumption, fish marking will be conducted by

skilled staff.

Capture-recapture model/

The Jolly-Seber model is suited for open populations where immigration, emigration, births, and
deaths influence population structure (Jolly, 1965; Seber, 1965). This study design accounts for
natural population fluxes, using annual tagging efforts and recapture events to estimate
population size, survival probability, and recruitment. The Jolly-Seber model is a tool to estimate
total population size by recapturing tagged fish and relies on several assumptions, as outlined

by Pine et. al (2012):
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e Equal capture probability among all individuals: all individuals, tagged or untagged,
within the population have an equal probability of being captured during each sampling
event.

e Accurate identification upon recapture: to meet this assumption, all fish will be scanned
with a PIT tag reader and visually inspected for a secondary mark.

e Minimal handling effects on fish behaviour and decision-making: to meet this
assumption, all individuals will have a short handling time and quick releases near the
marking site.

e No effect on fish survival: to meet this assumption, fish marking will be conducted by

skilled staff.

Annual recapture events will occur at each electrofishing and angling site. These subsequent
surveys will duplicate previous sampling events, generating recaptures using the standardized
single-pass or multi-pass depletion removals described earlier. During these sampling events,
unmarked fish larger than 150mm will have PIT tags inserted. A minimum target of 200 PIT
tags per year will be inserted. Following the second year of sampling, estimates of the total

population size will be calculated, and the tagging effort will be adjusted.

As stated, the Jolly-Seber model was selected to accommodate the open population structure,
estimating total population size (Ny), survival probability ($), and recruitment (By) across the

sampling time periods (Pollock et al., 1990). The equations are:

Equation 2 Population size (Ny): N M; +1
1Vt " -
Pt

1

Where M, is the number of marked individuals in the population at time (t), Pt is the estimated
capture probability derived from the proportion of tagged fish recaptured to untagged fish
within each year. Mt+1 Rt

Mt o mi
Equation 3. Survival probability (¢):

Where M1 and M, are the marked individuals in consecutive sampling years (i.e. 2024/2025),
R: is the total number of marked fish released at time t, and m; is the number of marked fish

recaptured at time t, and x represents multiplying. Survival is calculated annually.
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Bi=Ne+1-d xNj
Equation 4. Recruitment (Bt):
Where N is the population size in a sampling year, ¢ is the survival probability multiplied by
N the population size of the previous sampling year. Recruitment accounts for changes in the
population size due to natural births and fish immigration and is adjusted to account for the

survival rates from the previous season's estimate.

Fish tissue and contaminant sampling

In collaboration with the Government of Yukon’s Animal Health Unit and the Office of the Chief
Medical Officer of Health, YG fisheries staff will collect whole fish samples for heavy metal
analysis. Samples will be submitted to ALS Laboratories and Gambert Consulting for testing. A
Chain of Custody form will be filled out for each sample collected for heavy-metal analysis to

ensure sample integrity.

Whole fish will be collected from designated sites, individually placed in plastic bags with a
sample ID card and stored in a cooler on ice. At the end of each sampling day, they will be
transferred to a locked freezer at the Mayo Fish and Wildlife Office. Samples will then be
transported to Whitehorse under a secure chain of custody for distribution to the contractors.

Tissue sampling protocols will be determined by the contractors.

In total, the Fisheries Monitoring Program will aim to sample 30 fish (Arctic Grayling and Slimy
Sculpin) from each of the sub-drainages within the watershed: 1) Upper Haggart Creek, 2)
Ironrust Creek, 3) Swede Creek, 4) Lynx Creek, and 5) Haggart Creek Mainstem.

Data uncertainties

The analysis of survey results can evolve over time as our understanding of lotic systems and
fish populations deepens (Dunham et al., 2009; Neufeld et al., 2018). Watersheds are dynamic,
with natural variability in flow levels, flow rate, precipitation, turbidity, land use and riparian
stability (Neufeld et al., 2018; MacPherson et al., 2024). Environmental or human-caused
factors such as active and historical placer and quartz mining, wildfires, hillside slumping,
erosion, heavy metal inputs and cyanide contaminants can influence data collection in the

Haggart Creek watershed.
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Population estimates and monitoring are also subject to uncertainty. Recruitment, growth,
mortality and migration can impact survey results, vary annually and influence trends.
Additional survey errors such as interannual variation not explained by population growth can

hinder detecting changes in fish abundance (Honkanen et al., 2018).

In 2024-25, Haggart Creek faced significant challenges. In particular, the high risk of mortality
due to the heap leach failure, which has increased the likelihood of fish kills in the mainstem.
This threat has the potential to affect both migrating and resident fish. In response, Department
of Fisheries and Oceans staff issued a directive for the company to install fish barriers and
salvage fish, moving them to the South McQuesten River. While it was hoped this would mimic
the seasonal migration of species like Arctic grayling, the movement of an unknown number of
PIT tagged fish from Haggart may have confounded the initial year of sampling. As a result, our
survey efforts will require additional years of data collection beyond the proposed five years of
data to separate out trends in population change from the effects of environmental variability,
survey uncertainty, methods bias and fish removal (Neufeld et al., 2018; Honkanen et al., 2018;

MacPherson et al., 2023).

Results

Sampling overview

A total of 52, 200 m sites were planned for sampling between July 11 and August 30, 2024. Of
these, 49 sites were within the Haggart River watershed, and 3 were sites along the South
McQuesten Road (Figure 2). Not all 52 sites could be sampled due to site safety considerations at
the Eagle Gold Mine, which prevented Yukon government Fisheries staff from sampling on the
mine property in Haggart Creek within a 2 km upstream or downstream buffer of Dublin Gulch.
Additionally, rainfall, combined with the degradation of bare east-facing slopes began
transporting significant volumes of sediment downslope into the mainstem of Haggart Creek.
The turbid water persisted from July 18 until August 30. Consequently, 3 lower mainstem sites
were not surveyed. The total number of sites surveyed in 2024 was 44. An additional 9, 2 km
angling sites were also sampled. Seven species, totalling 2397 fish, were captured from
backpack electrofishing, and one species, totaling 152 fish, was captured using sample angling

(Table 1).
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Figure 2. Initial sample locations by backpack electrofishing (n=52) and angling (n=9) within the Haggart
Creek Watershed, 2024. Green (n=44) are completed sites. Black triangles are incomplete sites (n=3).
Red triangles are inaccessible sites on the mine property (n=5). The yellow outline is the perimeter of the
Haggart Creek watershed.

Table 1. Total number of fish captured and observed by species during the Haggart Creek Watershed
assessment in 2024.

Common name TOTAL Number of fish Electrofishing Angling
Avrctic grayling | 484(+1158yoy) 332(+1158yoy) 152

Arctic lamprey* | 3 3 0
Burbot | 27 27 0
Chinook salmon* | 6 6 0
Northern pike* | 3 3 0
Round whitefish | 2 2 0
Slimy sculpin | 883 883 0

Note: * Not detected in Haggart Creek, they were found in Haldane Creek

Arctic grayling

Captures

In total, 1625 juvenile and adult Arctic grayling were observed (i.e. seen not measured) and/or
captured (i.e netted and measured) through backpack electrofishing and angling (Table 1). Of
these, an estimated 1158 Young-of-year (YOY) Arctic grayling were observed at two sites, and
484 Arctic grayling were caught in 39 of 44 sites. Of those, 332 Arctic grayling were captured
and measured (n = 180 electrofished, n = 152 angled) (Figure 3). YQY Arctic grayling
estimates were based on the count of individuals forming schools and extrapolating to the
number of schools observed within the sampling reach. These counts are not reflected in the
CPUE analysis. While valuable, these observations may introduce bias when comparing catch
rates between sites and increase variability from year to year. Therefore, YOY observations
were removed from CPUE calculations as outliers. Captured YOY are included in the total only

when measured.
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Figure 3. Sites sampled by backpack electrofishing (n= 44) and angling (n=9) within the Haggart Creek
Watershed, 2024. The diameter of the sampling point and the number indicate the catch per site. Five
locations marked with a O but no circle indicate sites where no Arctic grayling were captured.
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Size distribution

The average fork length for Arctic grayling sampled by electrofishing (n=180) was 207 mm,
ranging from 26 mm to 385 mm (Figure 2). In contrast, the average fork length for Arctic
grayling captured by angling (n = 152) was 292 mm, ranging from 105 mm to 380 mm (Figure
4).

The Relative Stock Density (RSD) suggests a broad and stable size structure. Among the
electrofished samples, 36% were in the stock size category (up to 200mm), compared to only
1% of the angled fish. Additionally, 40% of electrofished and 28% of angled fish were
classified as quality (300mm — 399mm long), 21% and 53% were preferred (400mm — 499mm

long), and 5% and 17% were of memorable size (>500mm), respectively.

The differences in the size distributions conform to the literature expectations that
electrofishing is more effective at sampling smaller and younger Arctic grayling while angling is
more effective at capturing adults. The size bias by gear type demonstrates the need for
different assessment tools within watershed surveys to capture a representative picture of the
whole population. The map in Figure 3 identifies that Arctic grayling catch varies by site and is

higher in certain sub-watersheds and lower in others.

The size structure of Arctic grayling was investigated by site and by sub-watershed to see if
there was a similar pattern of fluctuation compared to spatial location in the watershed. Across
the 39 sites where Arctic grayling were captured, counts ranged from O to 23 individuals per
reach, with 33 sites yielding more than one fish. This allowed for spatial analysis of size
distributions across sub-watersheds, revealing patterns of variation tied to specific locations

within the watershed.
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Figure 4. A summary of Arctic grayling (ARGR) fork lengths in 20 mm bins from the 2024 assessment.
The black bars represent fish captured electrofishing (n=180, 44 sites). The grey bars represent fish
captured angling (n=152, 9 sites).

Size distribution: Site comparison

The size distribution of Arctic grayling by site was analyzed for sites from Upper Haggart Creek
to the furthest downstream location at the confluence with the South McQuesten River. Box
and Whisker plots of catch by site were plotted for 27 of 33 sites where enough fish were
caught to report a distribution of sizes. The Box and Whisker plots indicate overlap across sites

in the interquartile range (25™ to 75" percentile) for 20 of 26 sites (Figure 5). HCRC5 in
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Haldane Creek is the strongest outlier with no shared overlap. Site HCRC5 is a natal stream
supporting the rearing of YOY grayling and is significantly different from the other sites for this
reason. Overlap in the distribution does not mean there are no differences by site. Sample size
at the site level is variable and often poor (e.g ranging from O to 23). The Kruskal-Wallis test of
the sites produced a Chi-square value of 82.09706 and a significant p-value of 0.0001,

confirming the significant differences in size distribution.

Given the difference in sample size and the variation in means, site variance was also tested.
The Levene test for equal variance produced an F Ratio of 3.2093 and a significant P-value of
0.0001, indicating that variance is not equal between sites. A Welch’'s ANOVA was performed
to test the significance of size differences given unequal variance. The F Ratio was 4.3844, and
a significant P-value of 0.0004 supports that there are significant differences in the mean fish

sizes between sites showing unequal variance.
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Figure 5. Box and whisker plot of the distribution of Arctic grayling predicted total lengths by sampling location
(n=33) in the Haggart Creek watershed, 2024. The x-axis is the site names ordered from the headwater
locations to the furthest downstream site. The y-axis is the predicted total length (mm). The red lines are the
box plots. The median (Q2) is the line in the box, the lower edge of the box is the 25" percentile/first quartile
(Q1), and the upper edge of the box is the 75" percentile/third quartile (Q3). The length of the box
(interquartile range (IQR)) measures the spread of the middle 50% of the data. The upper and lower whiskers
capture the largest to smallest numbers within 1.5x of Q1 or Q3, respectively. The blue lines are the mean and
standard deviation for each distribution of sizes by site.
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Size distribution.: Sub-watershed comparison

To provide a more robust assessment of trends in size structure and to account for
environmental site effects potentially influencing size and growth, the individual locations were
grouped by sub-drainage to evaluate trends across the watershed. Figure 6 displays stacked
bar graphs of Arctic grayling fork length distributions grouped into sub-drainages: Upper
Haggart Creek (above the Eagle Mine site), Ironrust Creek, Haggart Creek, Lynx Creek and
Swede Creek. Similar to the site-level comparison, the size distributions remain overlapping
when grouped by sub-drainage. However, a distinction in mean size becomes visible between
the upper and lower watersheds, and pooling the sites did help to control for some site-level
effects. All sub-watersheds contain juvenile and adult fish with means ranging from 186mm FL
(95% Cl 169-202) in Upper Haggart Creek to 283mm (95% CI 263 — 303) in Lynx Creek
(Figure 7).

There are partial barriers to movement within the watershed. The culvert at the confluence of
Swede Creek and the lower Haggart Creek mainstem presents a potential barrier. Additionally,
there is a beaver dam approximately 180cm tall upstream of the confluence of Lynx Creek and
the lower Haggart Creek mainstem. While Arctic grayling can move into the mainstem of
Haggart Creek, movement upstream into other parts of the watershed remains uncertain under

current conditions.

Discrepancies in size distributions by location could be influenced by partial watershed
fragmentation. Investigating these differences is important as the potential impacts from the
Eagle Mine incident may impact the mainstem in the pathway of effects to the confluence with
the South McQuesten River. When the sites were pooled by sub-drainage, the assumption of
equal variance was tested again using Levene’s test, which is robust to small sample sizes and
unequal variance. Levene’s test yielded an F Ratio of 6.2910 and a significant P value of
0.0001, indicating that variance remained unequal and significantly different. Therefore,
location in the watershed is, in part, influencing mean size. A one-way ANOVA with unequal
variance further indicated statistically significant differences between size distributions with an

R ratio of 18.87 and a P-value of 0.0001 (Figure 7).

Further investigation of the sub-drainage similarities was tested using a non-parametric test,

the Dunn Method, for joint ranking to identify statistically similar size distributions. This is
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visualized in Figure 7 using the Each Pair Student T-test mean circles diagram. Although the T-

test differs, using the mean circle's diagram and letter report as an output helps to visualize the

similarities and discrepancies in a manner similar to the Dunn Method, with comparable

matching letter reports, which is acceptable. The Dunn Method letter report (Table 2) shows

sub-drainage pairings where the mean size and 95% confidence limits are significantly

different or not. Matching letters indicate no difference. Mismatched letters, paired with a

significant p-value, indicate statistically different pairings, although the quantiles for the

distribution of each sample may overlap.

Table 2. Pairwise nonparametric comparisons of fish size among watershed sites using the Dunn Method for joint
ranking. Score mean differences, standard error differences, Z-scores, and p-values are provided for each pair of
comparisons. Each subdrainage is connected to a specific letter to assess the connectedness. Upper Haggart Creek —
A, Ironrust — BA, Haggart Creek — BC, Lynx — C, Swede —c.

Watercourse 1

Lynx
Swede
Lynx
Haggart
Swede
Haggart
Ironrust
Lynx
Swede
Swede

Watercourse 2

Upper Haggart
Upper Haggart
Ironrust
Upper Haggart
Ironrust
Ironrust
Upper Haggart
Haggart
Haggart

Lynx

<.0001*
<.0001*
<.0001*
0.0007%
0.0071*
0.0694
1.0000
1.0000
1.0000
1.0000

Connecting Letters
Report

Note: *Significant differences are indicated by p-values < 0.05. The Connecting Letters Report shows groups that

are not significantly different, with levels sharing the same letter, indicating similarity in fish size distribution.
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Figure 6. Stacked bar graph of the size distribution of Arctic Grayling in the five sub-drainages of the

Haggart Creek watershed. The x-axis is the fork length measured in 20-millimetre bin ranges. The y-axis
is the percent of the sample.
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Figure 7. Distribution of Arctic grayling fork length (mm) across five sub-drainages in the Haggart Creek
watershed. Measured fish are the black dots with box plots, mean diamonds, and mean circles. Each box
plot represents the interquartile range (25" to 75" quartile), with the central line showing the median
fork length. Mean diamonds illustrate 95% confidence intervals around the group means. Mean circles to
the right of each site represent pairwise comparisons using the Dunn Method and visualized with the
Student’s T-test with unequal variance. Non-overlapping circles indicate significant differences between
sites at the 0.05 significance level. Sites are arranged from left to right as Upper Haggart Creek, Ironrust
Creek, Haggart Creek, Lynx Creek and Swede Creek.

Age distribution

Otoliths were collected from n=88 Arctic grayling (=46 males, n=40 females, n=2 unknown)
as aging structures during contaminant sampling. The age distribution had 11-year classes,
ranging from age 2 to 14, with an average age of 5 years for fish collected during contaminant
sampling (Figure 8). The age-class distribution was assessed for fish taken from each of the

major contributing sub-drainages.

Sample size varies by drainage: Haggart Creek (n=22), Lynx Creek (n=24), Ironrust Creek
(n=24) and Swede Creek (n=18). These sample sizes were too small to determine if spatial
trends and statistical differences among age and size classes existed among sub-drainages.
The Government of Alaska (2024) reports Arctic Graylings living up to 32 years in northern
drainages with an age-at-maturity of 4 for males and 7 for females. Of the n=40 females, 65%

(n=26) were mature and of the n=46 males, 59% (n=27) were mature. The average age at
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maturity for males and females in Haggart Creek is similar to the data reported in Alaska at

ages 5 and 6, however maturity was not assessed.

Stantec (2010) used scales to age Arctic grayling. Age comparisons between scales and
otoliths can yield divergent estimates. Table 3 compares the average fork length at age
between the two and provides the standard deviation for the mean size and sample size per
age. Sample sizes were very small. Therefore, age-class comparisons are not robust.
Nevertheless, it does provide some information on the sampled fish size at age structure and
compared to the results reported in Alaska, which would share similar biophysical and
environmental features, the Arctic grayling distribution is approximately 40-60% of a

potentially undisturbed northern Arctic grayling population (Northcote, 1995; DiCicco, 2002a).

Table 3. Comparison of the mean fork length (mm), standard deviation and sample size by age-class for Arctic
Grayling from the Haggart Creek Watershed. Samples were taken in 2007 by Stantec and 2024 by the Government
of Yukon.

Year Metric Y 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
200 | MeanFL 76 12 15 25 33 35 37 - - 35 - - - - - -
7 | (mm) 3 5 9 7 2 9 8
SD 14 18 18 10 24 34 23 - - - - - - - - -
0
N 22 11 8 2 3 6 2 - - i o = = = = =
202 | MeanFL - - 15 21 21 25 28 30 32 35 36 39 - - 40 -
4 | (mm) 9 0o 9 o0 9 4 6 2 2 3 3
SD - - 25 28 30 17 44 26 20 0O 25 32 - -0 -
N - - 3 18 19 13 12 8 6 2 4 2 - - 1 -
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Figure 8. A summary of Arctic grayling age distribution from (n=88) fish collected for contaminant
sampling during the 2024 assessment. Arctic grayling were collected in the Haggart Creek, Ironrust
Creek, Swede Creek and Lynx Creek systems.

Abundance

Electrofishing catch rates (CPUE) serve as a metric of relative abundance. For this survey, CPUE
is standardized as fish/200m/1200sec. The bootstrapped mean electrofishing CPUE for the
Haggart Creek watershed was 7.62 fish/200m/1200sec (95% Cl: 5.4-9.2) (Figure 9). The
Stantec (2010) survey of the Haggart Creek Watershed reported CPUE as fish/100m?.
Additionally, Stantec’s methodology varied, using multi-pass depletion removal at 13 sites
across the watershed, within 100m sampling reaches, to calculate CPUE and derive density

estimates. Therefore, any comparisons between the two surveys must be made with caution.

The 2010 CPUE reported was 1.5 fish/100m? (95%Cl: 0.8 — 2.1). The 2024 CPUE is 1.0
fish/100m? (95%Cl: 0.6 — 1.4 ), with F= 1.65, and the p = is 0.208 (> 0.05a). The low F and
large p-values indicate no statistically significant difference. Paired Student’s T-test for
comparison of means between the 2010 and 2024 surveys showed no significant differences

in the ordered difference report for these catch rates (Figure 10). The angling CPUE for Arctic
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grayling is 3.2 fish/angler-hr (95%CI: 2.2-4.6). Angling data was collected from 4 sites in the

Haggart Creek mainstem and 5 sites in Lynx Creek.
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Figure 9. Arctic grayling total catch per unit effort (CPUE) is 7.62 fish/200m/1200sec (95%Cl: 5.4-9.2)
for backpack electrofishing in the Haggart Creek Watershed, 2024.

Abundance: Sub-watershed comparison

Evaluating CPUE trends within and between sub-watersheds may be important to
understanding shifts at the watershed scale. CPUE varied significantly among the sub-
watersheds. Differences in CPUE are apparent by separating the watershed into four
contributing systems, the CPUE for Upper Haggart above Dublin Gulch including Ironrust Creek
(HCMS upper), mainstem Haggart to the confluence with the South McQuesten River (HCMS
impact), and Lynx Creek main stem (LCMS) (Figure 11). The sample size in the fourth system,
Swede Creek and an unnamed tributary of Haggart Creek, was small, ranging from one site to
three sites, and is not included in this analysis. There is no overlap in the confidence limits and
limited overlap in the bootstrapped distribution of CPUE in these watershed sections, indicating
a significant difference. The historical data from Stantec (2010) also reported variation in
abundance between the sub-watersheds in the system; catch rates were highest in Haggart
Creek and were lowest in Ironrust Creek. The 2024 data shows the CPUE in the mainstem

Haggart Creek is 5.6x lower than the upper Haggart Creek and 3x lower than Lynx Creek.
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The differences in CPUE by site and sub-watershed are apparent in the 2024 survey of
locations from the Haggart Creek headwaters to the confluence with the South McQuesten
River, supporting the conclusion that the 2024 results are inconsistent with the 2010 findings
(Figure 12). No direct cause is currently implied. The difference may be an artifact of enhanced
sampling or population changes within the watershed over the 15-year time frame or a
combination of other cumulative factors. Comparisons of the Arctic grayling CPUE by sub-
drainages within Haggart Creek were investigated (Figure 13). To do the comparison, we first
tested for equal variance among the subgroups using Levene’s test and found no significant
differences (p = 0.4767). As such, an ANOVA was preformed to compare CPUE among the
sub-drainages. The findings revealed significant differences (R2=0.51,F=12.831,p =
0.0001). We found that 51% of the variation in catch rate could be attributed to the sub-
drainages. Results of the All-Pairs Tukey-HSD test found that only the Mainstem of Haggart
Creek significantly differed from the other sub-drainages (Figure 13).

Detailed habitat assessments of the sub-watersheds were performed to investigate any
linkages between observed catch rates and habitat characteristics. The assessments revealed
habitat differences that may partially explain the observed differences in catch per unit effort
(CPUE). For example, Lynx Creek features deep pools and runs, whereas the Upper Haggart is
shallower compared to other areas further down the watershed. The Upper Haggart also had
fewer pools and was composed mostly of rifle-and-runs. While the Mainstem Haggart was a
relatively even mixture of pools, rifles and runs. The mean wetted stream width was also larger
in the Mainstem Haggart (10.3m) compared to the other two areas (3.6m in upper Haggart
Creek and 5m in Lynx Creek). Assessments had comparable sample sizes for each section, with
10 in Upper HCMS, 15 in the lower HCMS (Dublin Gulch to the confluence with the South
McQuesten River), and 13 in the LCMS. That being said, we did find strong similarities in

substrate and vegetation types among the three locations (Appendix A).

The influence of size structure on CPUE was investigated across sub-watersheds. Among the
three sub-watersheds, the mean sizes for Arctic grayling were marginally different. The mean
fork length for each sub-drainage approximated the size of a mature Arctic grayling.
Nevertheless, adult and juvenile fish were present in all sub-drainages (Figure 5), suggesting
that the observed abundance differences were not associated with life stages such as

spawning, rearing and feeding.
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Arctic Grayling Electrafishing Catch Rate (fish/100m2)
.
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Figure 10. Arctic grayling electrofishing catch rate (fish per 100 m?) in 2007 and 2024. Each point represents
an individual sampling event. Mean diamonds display the 95% confidence intervals around the mean catch
rate for each year, with the horizontal line within the diamond showing the mean. Mean circles to the right
indicate pairwise comparisons using the Student’s t-test with unequal variance, where non-overlapping circles
signify a statistically significant difference at the 0.05 significance level. Catch rates appear more variable in
2024 compared to 2007, with overlapping mean circles suggesting no statistically significant difference
between years. The width of the mean diamonds is proportional to the sample size.
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Figure 11. Arctic grayling bootstrap of the mean catch per unit effort (CPUE, observed and measured) and
95%Cl for backpack electrofishing in three sections of the watershed: upper Haggart Creek (HCMS), Haggart
Creek (HCMS impact) and Lynx Creek (LCMS). The CPUE for Upper Haggart Creek is 13.8 fish/200m/1200sec
(95%CI 10.4 - 17), Haggart Creek Mainstem is 2.4 fish/200m/1200sec (95%CI 1.2 - 4) and Lynx Creek is 7.2
fish/200m/1200sec (95%CI 4.8 — 10.4).
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Total Arctic Grayling Backpack Electrofishing Catch by Site inthe Haggart Creek Watershed
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Figure 12. Arctic grayling catch per unit effort by site for backpack electrofishing in the Haggart Creek
Watershed, 2024. Sites are arranged from the headwaters to the confluence with the South McQuesten
River.
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Figure 13. Catch per unit effort (CPUE) of Arctic grayling (fish per 200m/1200sec) across four sub-
drainage sites: Upper Haggart Creek, Haggart Creek Mainstem, Lynx Creek and Swede Creek. Each dot
represents an individual sampling event. Mean diamonds display the 95% confidence intervals around
the mean CPUE for each site, with the horizontal line indicating the mean. Tukey-Kramer circles on the
right represent pairwise comparisons among the sites; non-overlapping circles suggest significant
differences at the 0.05 significance level. The plot indicates variability in CPUE across the sub-drainage
sites, with Upper Haggart Creek and Lynx Creek showing higher CPUE values, though overlapping
circles suggest limited significant difference.
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Capture-recapture

Arctic grayling were marked (e.g PIT tag and fin clip) at 30 of the 44 sites sampled. In total 207
PIT tags were inserted dorsally in Arctic grayling, n=86 at electrofishing sites and n=121 at
angling sites (Figure 14). The 2024 sampling constitutes the marking run for a multi-year,
open-system Jolly-Seber mark recapture survey. The Jolly-Seber model relies on several
assumptions. While all assumptions were met for the Haggart Creek marking event in 2024, no
Jolly-Seber population estimate was generated. Key parameters, Phi (survival probability), p
(capture probability), N (population estimate) and B (recruitment) for the model are still in
development. Two variables, p (capture probability) and N (population estimate), can be derived
from survey results. A preliminary population estimate can be derived from the relative
abundance catch rate using Equation 2. Our catch rate for Arctic grayling was 7.62
fish/200m/1200sec (95%Cl: 5.4-9.2)(Figure 9). This catch rate can be re-calculated to report
fish per area, 1.08 fish/100m2 (95%Cl: 0.6 — 1.5). Preliminary estimates of capture efficiency
(CE) from electrofishing data indicate 0.54, and from the Haggart Creek salvage data provided
by DFO, a modelled catchability (q) is 0.102. Following Equation 5, the density estimate is 19
Arctic Grayling/100 m2 (95% ClI: 12-27). The mark-recapture experiment will improve the
accuracy of estimates of CE and q, refining the population estimate over time and providing

context should any significant mortality events occur.

Slimy sculpin

Captures

In total, n = 883 juvenile and adult Slimy Sculpin (Cottus cognatus) were captured and
observed in 26 of 44 backpack electrofishing sites (Table 1, Figure 15 ). Slimy Sculpins are
benthic species with small home ranges that support all life cycle stages. Keeler (2006) found a
median home range radius of 9m and reported a 100-250m range. Backpack electrofishing
catch rates compared to PIT tag mark-recapture surveys identified backpack electrofishing as
having a high capture probability and was a suitable surrogate for assessing abundance (Keeler

et al., 2007).
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Size distribution

The average total length of the slimy sculpin captured through electrofishing (n=384) was 60
mm, ranging from 22 mm to 125 mm (Figure 16). The size structure is broad, with Young-of-
year sculpin absent and old-growth fish present (>110mm). The size structure exceeds what

Gray et al. (2018) report as a reference population.

Abundance

The slimy sculpin bootstrapped mean CPUE for the Haggart Creek watershed from backpack
electrofishing was 15 fish/200m/1200sec (95%Cl: 9.5-22.5) (Figure 17). Like Arctic grayling,
slimy sculpin abundance varies with location within the Haggart Creek watershed (Figure 10).
Unlike Arctic grayling, the highest catch rate occurred in the mainstem Haggart Creek below
Dublin Gulch. The small home ranges and migratory distances may have an autocorrelation
impact on slimy sculpin detection and relative abundance. Gray et al. (2018) indicate that
spawning slimy sculpin may only move 120m. Therefore, it may be natural that slimy sculpin
are not present in the tributary systems if they have not colonized them previously. Barriers
such as the culverts at the confluence of Swede Creek and Haggart Creek, the culvert on the
mainstem Haggart Creek just below site HCRE12, and the robust beaver dam near the
confluence of Lynx and Haggart Creek could be full barriers to the slimy sculpin's movement

and therefore fewer sculpin are present in the tributaries that feed into Haggart.
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Figure 14. Sites sampled by backpack electrofishing (n= 44) and angling (n=9) where Arctic grayling
were implanted with n=207 PIT tags within the Haggart Creek Watershed, 2024 .
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Figure 15. Sites sampled by backpack electrofishing (n= 44) Haggart Creek Watershed, 2024. The
diameter of the sampling point and the number indicate the slimy sculpin catch per site. n=16 locations
are marked with a small circle, and a zero is present, indicating no slimy sculpin was captured at those

sites.
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Slimy Sculpin Size Distributionin Haggart Watershed
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Figure 16. A summary of slimy sculpin total lengths in 10 mm bins from the 2024 assessment. The black
bars represent fish captured electrofishing (n=384, 26 sites).
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Figure 17. Slimy sculpin total catch per unit effort (CPUE, observed and measured) 15
fish/200m/1200sec (95%C 19.5-22.5) for backpack electrofishing in the Haggart Creek Watershed,
2024.
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Figure 18. Slimy sculpin catch per unit effort by site for backpack electrofishing in the Haggart Creek
Watershed, 2024. Sites are arranged from the headwaters to the confluence with the South McQuesten
River.

Fish salvage

Following the completion of the fisheries survey, Victoria Gold Corporation (VGC) was required
to comply with an enforcement order issued by the Department of Fisheries and Oceans. This
order mandated the installation of fish exclusion fences throughout the watershed and the
salvage of fish from the Haggart Creek mainstem (Figure 19). The goal of this work was to fully
remove all detectable fish species as part of a salvage operation aimed at reducing or
eliminating the risk of fish mortality from cyanide toxicity resulting from activities at the Eagle

Gold Mine.

Between August 9 and September 14, consultants working for VGC removed fish from roughly
4.67km section of Haggart Creek. Removal methods included angling, index netting, setting
cod traps, seine netting, minnow traps and backpack electrofishing. Netting protocols are
currently unknown. Electrofishing followed a multi-pass approach. In total, 99 reaches were
electrofished. Block nets were used situationally. Consultant data indicated sampling reaches
ranged from 1.2m to 230m in length. At 25 sites, consultants used a multi-pass approach. The
methods used to conduct the salvage did not align with the standardized approach and

locations used by YG fisheries and FNNND to assess the watershed.
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The salvage area primarily included locations where YG fisheries and FNNND were unable to
sample during the summer due to safety concerns around the mine site. Salvage activities
covered four locations: the pool at the W99 water quality monitoring station and three
electrofishing sites (HS3Alt, HCI1, HCRE12). Overall, the consultant led salvage operations
resulted in the capture and relocation of 832 Arctic grayling, 9 round whitefish, 12 burbot and
1279 slimy sculpin. Within the removal area, mostly at the pool downstream of W99, YG
fisheries and FNND staff PIT tagged 48 Arctic grayling.

The salvage operation introduced significant uncertainty in assessing the Haggart Creek fish
population. It will be unclear whether the relocated fish will return to the Haggart Creek system
or take up residence elsewhere in the South McQuesten River. The implications of fish salvage
for detecting and monitoring trends in fish stocks are currently unknown. Future analysis of the
survey data will need to consider this uncertainty when reporting on trends in the population.
Conditions in Haggart Creek may require additional fish salvages in the future. Additional

monitoring work may be needed to account for the relocation of fish.
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Figure 19. Location of installed fish exclusion screens along Haggart Creek.
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Discussion

The purpose of the 2024 Fisheries Monitoring Program was to establish a robust baseline of
data for long-term comparisons, helping to detect changes within these populations over time.
Rather than focusing on the specific effects of the heap leach failure, our 2024 survey provides
insights into the current state of the freshwater fish populations and the condition of the habitat
within the Haggart Creek watershed. This discussion synthesizes the key findings of the 2024

Fisheries Monitoring Program in the context of the program’s objectives, which included:

e Assessing for the presence, abundance, structure and distribution of freshwater fish
species.

e Providing a comparative analysis against previous environmental baseline data to
identify and quantify any biologically significant differences.

e [nitiating an open-system, multi-year mark-recapture survey using a Jolly-Seber model
for Arctic grayling; and

e Conducting a lethal collection of fish for tissue sampling to test for heavy-metal

contamination.

Freshwater fish species population dynamics

Our results indicate that the Haggart Creek watershed supports a diversity of fish species,
including Arctic grayling, slimy sculpin, round whitefish, and burbot. Abundance index results
suggest that Arctic grayling appear to be moderately to highly abundant, with an estimated
index density of 7.6 fish/200m/1200sec or 38 Arctic grayling per kilometer. This suggests that

the populations are currently healthy.

It was apparent that several sub-drainages play an important role in ensuring the sustainability
of Arctic grayling in the Haggart watershed. For example, Ironrust and Upper Haggart Creeks
revealed large index values for both juvenile and sub-adult graying (CPUE = 13.8
fish/200m/1200sec.), suggesting these areas provide important rearing habitat. Based on the
large index values for adult grayling in Lynx Creek, we believe it serves as important
overwintering habitat (CPUE = 7.2 fish/200m/1200sec). Our finding further supports its
designation as an Area of Special Consideration under the Yukon Fish Habitat Management
System. The mainstem of Haggart had the lowest abundance of Arctic grayling (CPUE = 2.4
fish/200m/1200 sec), despite the presence of suitable habitat throughout. It remains unclear
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whether this lower abundance is due to the effects of various developments or environmental

factors, Nevertheless, the data provide a strong baseline for future comparisons.

Slimy sculpin were predominantly found in Haggart Creek, with their distribution and
abundance varying across the watershed. Significant differences in abundance were observed
between sub-drainages. Their reduced presence in tributaries is likely due to several factors,
including migration barriers such as culverts and beaver dams, as well as water velocity from
steep slopes that restrict their movements. Given their small home ranges and preference for

low-velocity habitats, they may be more vulnerable to localized threats.

Environmental and human-caused factors

Witnessed variations in species abundance throughout the watershed may result from both
natural and human-caused factors. |dentifying significant independent variables during
sampling will help account for any additional influences on abundance, particularly threats
linked to the Eagle Gold Mine incident. These include factors like contaminant levels, increased
turbidity levels, or changes in flow rates. Other factors, such as changing catchability (q),
capture efficiency (CE), and environmental conditions like stream temperature, could also

attribute to variability in our abundance indices.

Several compounding factors must be considered when assessing the effects of the Eagle Gold
Mine on fish productivity. Active placer mining operations are present in the watershed, and
forest fires have removed vegetation that once stabilized soils, groundwater temperatures and
retained precipitation. As a result, sedimentation has increased due to both wildfires and placer
mining. The presence of roads may also contribute to increased sedimentation. MacPherson et
al. (2024) summarized how these threats impact fish abundance and distribution, while Noris
(2013) and Murdoch et al. (2020) reported the negative effects of turbidity, linear disturbances
and changing water quality on Arctic Grayling. Repetitive sampling is necessary to test

independent variables in each watershed and identify patterns related to natural variation.

Given the above, the Fisheries Monitoring Program will conduct yearly sampling for three
consecutive years, to better understand and differentiate between the effects related to Eagle

Gold Mine from those attributed to other human influences and natural variation.
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Comparative analysis

The comparison between the 2024 survey and the prior 2010 baseline assessment report
shows that no statistically significant change in abundance at the watershed level could be
measured. However, the 2010 results showed higher abundance within the mainstem of
Haggart Creek than its tributaries. As no sampling occurred from 2010 to 2024, we did not

ascertain the cause of this possible abundance shift.

The 2010 report indicated site assessment looked at a local study area prior to the submission
of an environmental baseline assessment, whereas the 2024 survey considered the watershed
the unit of interest for understanding status, impacts and consequences. Accordingly,
comparing data sets is not a pairwise or control-impact style comparison. Although the
equipment used was similar, and the variables for catch rate were standardized as much as
possible to examine changes in relative abundance, the 2010 survey used smaller sampling
sections and a closed-section multi-pass electrofishing approach, resulting in a depletion

removal to measure density and catchability.

While the comparison between the two surveys provided valuable insights into changes in
dynamics since 2010, the 2024 dataset will serve as the benchmark for assessing future

changes throughout the duration of this project.

Capture-recapture survey

In 2024, 207 passive integrated transponder (PIT) tags were implanted into Arctic grayling that
were over 155mm FL (175mm total length) in length. These tags were implanted to mark
grayling as part of an open-system, multi-year mark-recapture survey using a Jolly-Seber
model. In subsequent years, additional tags will be implanted to improve upon and continue the
open-system population estimates. As this was the first year of tagging, we did not attempt to

estimate the population.

In the spring of 2025, prior to the arrival of grayling spawning, PIT tag arrays will also be
installed along the main stem of Haggart Creek to track the timing and movement of tagged

fish in the system, with data from the arrays strengthening the mark-recapture survey analysis.

In future years, we will also validate the relationships between catch rate (fish caught per unit

effort), capture efficiency (number of fish caught from a known number of available fish), and
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catchability). As variations of this relationship are common within stock assessment methods,
understanding how these values interact will provide increased confidence in measuring these

populations.

Contaminant sampling

In 2024, contaminant sampling was successfully completed. These findings will provide
insights into heavy-metal contamination and its effects on fish tissue. These samples and their

results will be synthesized in a standalone report in early 2025.

Overall

Overall, the Haggart Creek watershed supports a diverse fish assemblage consistent with the
expectations for the Stewart River drainage. The 2024 assessment highlights the ecological

value of the watershed, while also identifying areas of concern, particularly in the mainstem.

This survey provides a robust data set for future comparisons and population modelling. The
data will aid in joint management and planning for protective measures, in the event of
contaminant release. The ongoing development of the Fisheries Monitoring Program, including
repetitive sampling and tracking spatial use and migratory patterns, will help detect changes in

these populations.
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