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Executive Summary

Flooding of the Upper Peace after construction of the W.A.C. Bennett Dam in 1967
resulted in a considerable loss of riverine habitat to Arctic grayling (Thymallus arcticus).
The decrease in available habitat, alteration of natural hydrology and evidence of drastic
reductions in population size caused great concern for the sustainability of Arctic
grayling populations in the Williston Reservoir Watershed. The recent review by
Stamford et al. (2017) and monitoring framework by Hagen and Stamford (2017)
highlighted a number of critical information gaps related to the spatial ecology of Arctic
grayling such as: (1) the unknown distribution of Arctic grayling within the streams of
the different core areas (sensu Stamford et al. 2017); and (2) the lack of understanding of
Arctic grayling migrations. Furthermore, it is unknown whether populations of bull trout
(Salvelinus confluentus) are limiting the abundance of Arctic grayling and their spatial
distribution.

The goal of this project is to investigate the spatial ecology of sub-adult and adult Arctic
grayling and their interactions with bull trout in the Parsnip River mainstem and
tributaries, a core area of Arctic grayling populations in the Williston Reservoir
Watershed.

The information gathered in this study will fill in data gaps that were identified as
moderate and high immediacy for the Parsnip core area (data gaps 5.1.3a-i in Table 6 of
Stamford et al. 2017) and will also be relevant to other core areas in the Williston
Reservoir Watershed (2.3.1b-c and 2.3.5 in Table 1 of Stamford et al. 2017). Therefore, the
outcomes of this study will primarily address the priority action # 9 (PEA.RLR.S03.RI1.09)
of the Peace Region Rivers, Lakes, and Reservoirs Action Plan (FWCP 2020). However, given
that the study will collect data on bull trout, it will also contribute information to address
priority # 13 (PEA.RLR.S04.R1.13) of the Peace Region Rivers, Lakes, and Reservoirs Action
Plan (FWCP 2020), particularly by filling in high immediacy data gaps 5.1a and 5.1b
outlined in Table 5.1c in Hagen and Webber (2019).

This report focuses on project activities in Year 3 of 4 but results integrate data collected
since Year 1. The methods used to address the study objectives include: acoustic
telemetry, capture-recapture, temperature data logging, stable isotope analysis and
spatial modeling.

In 2020, a total of 69 fish (44 Arctic grayling and 25 bull trout) were tagged in the Parsnip
watershed, increasing the project total to 157 grayling and 63 bull trout tagged since 2018.
Due to a high and sustained spring freshet, 21 acoustic receivers were lost, while 49
receivers were successfully downloaded. After adjusting for receiver losses and
replacements, Arctic grayling and bull trout tagged for this study are being continuously
monitored by an array of 61 receivers, with plans for early-season deployments in place
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for 2021. Coarse telemetry analyses showed that Arctic grayling on average moved 4.3 +
6.3 km per movement event lasting less than 24 hours, while bull trout moved 12.3 + 8.3
km per event over the course of this study. Telemetry data show a seasonal pattern of
both species using the Parsnip mainstem as overwintering habitat and making use of the
tributaries in the open-water season.

In 2020, eight new water temperature logging stations were deployed in the Parsnip
watershed. Three of these new water temperature logging sites received associated air
temperature loggers. In the fall of 2020, data from 65 water temperature loggers and 40
air temperature loggers were downloaded. The mean 2020 summer water temperature in
the Parsnip River was 9.47°C (+ 2.37°C). The mean 2020 summer air temperature was
11.20°C (£ 3.13°C). The 2020 mean summer detection temperatures of Arctic grayling and
bull trout were 9.62°C (+ 1.94°C) and 10.26°C (+ 2.12°C) respectively. Spatial stream
network (SSN) models were fit for the averaged 2019 and 2020 summer thermal
riverscape in the Parsnip River watershed. The SSN models were used to predict
continuous temperatures for the entire watershed and visualize trends in average
temperature and temperature variability.

During previous field seasons, a total of 235 biological samples comprised of adipose fin,
tish muscle, invertebrate, plant, particulate organic matter, were obtained for stable
isotope analysis. In the summer of 2020, the sample size was expanded by collecting an
additional 167 samples. This larger sample size has allowed us to build on preliminary
analyses done in 2019. Carbon (63C) and nitrogen (6'°N) isotope concentrations in the
samples were analyzed in order to understand trophic positions and trends between bull
trout and Arctic grayling, as well as look into dietary preferences by size. Bull trout were
found to occupy a larger dietary niche and higher trophic position than Arctic grayling.
Arctic grayling exhibited no relationship between 8N and fork length, whereas bull
trout 8'°N was positively related to fork length.

The project successfully completed objectives for the 2020 field season including
expansion of the temperature monitoring array, increasing the sample size for tagged
Arctic grayling and bull trout and stable isotope analyses. In 2021 four key objectives will
be focused on:

e Deploy up to 10 acoustic receivers in key sites where they were lost in 2020. This
will be done as soon as flow decrease to levels that allow for safe working
conditions (<400 m3/sec measured at the Water Survey of Canada hydrometric
station in the lower Parsnip River).

e Deploy 33 acoustic transmitters left over from last year in Arctic grayling and as
sentinel tags for detection efficiency monitoring.

e Download existing temperature data loggers and take down the temperature
monitoring network.



e Download existing acoustic receivers and take down the acoustic monitoring
network.

We have engaged in eight outreach activities presenting project objectives and
preliminary results to a diverse audience and featuring in an episode of an angling show
(Reelistic Outdoors) that highlighted the project objectives and approaches.
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1. Introduction

The construction of the 183-m high W.A.C. Bennett Dam in 1967, forming the Williston
Reservoir flooded roughly 350 km of the Peace, Finlay, and Parsnip River valleys (Hagen
and Stamford 2017). Arctic grayling (Thymallus arcticus) in the Upper Peace watershed
show a fluvial life history form (Clarke et al. 2007). Therefore, flooding of the Upper Peace
resulted in a considerable loss of riverine habitat. Prior to impoundment, Arctic grayling
were widespread and abundant in tributary streams of the Upper Peace. However,
presently Arctic grayling are restricted to just eight of the larger watersheds in the
Williston Reservoir watershed (Hagen and Stamford 2017). The decrease in available
habitat, alteration of natural hydrology (change from large flowing rivers to reservoir)
and evidence of drastic reductions in population size cause great uncertainty about the
sustainability of Arctic grayling populations in the Williston Reservoir Watershed
(Stamford and Taylor 2005). The recent review by Stamford et al. (2017) and monitoring
framework by Hagen and Stamford (2017) highlighted a number of critical information
gaps related to the spatial ecology - the causes and consequences of a species distribution
over time and space (Hastings et al. 2011) - of Arctic grayling. For example, two important
spatial ecology data gaps identified in the review are: (1) the unknown distribution of
Arctic grayling within the streams of the different core areas (sensu Stamford et al. 2017);
and (2) the lack of understanding of Arctic grayling migrations.

Knowledge of a species’ spatial ecology is fundamental to the effective development and
implementation of enhancement and conservation programs (Allen and Singh 2016,
Ogburn et al. 2017). To identify critical habitats and potential limiting factors (e.g. habitat
conditions, human impacts, interspecific interactions), these programs often require
detailed information derived from spatial ecology studies describing where, when and
why individuals move and are distributed in space (Cooke et al. 2016). Although the
description of distribution and migrations is a necessary step in understanding the spatial
ecology of Arctic grayling, it is not sufficient to determine its drivers. Both abiotic and
biotic factors play an important role in influencing the spatial ecology of species (Royle
et al. 2017). Among abiotic factors, the spatio-temporal availability of thermal habitats is
one of the most important drivers of fish distribution and migrations in freshwater
environments (Lucas and Baras 2001, Isaak et al. 2010). Despite the general perception
that the thermal environment in running freshwater is homogeneous, streams actually
exhibit substantial thermal variability at small (10 to 100 m) and large (> 1,000 m) spatial
scales due, for example, to the variability in elevation, riparian vegetation shade and
groundwater input along their extension (Kurylyk et al. 2015). Temperature has a strong
potential to limit Arctic grayling populations, as highlighted by Stamford et al. (2017),
and it is known that the occurrence of Arctic grayling and bull trout is negatively related
to water temperature (Hawkshaw et al. 2014, Isaak et al. 2010). Therefore, a full description
of the distribution and migrations of Arctic grayling in the Williston Reservoir Watershed
requires a detailed characterization of the distribution of thermal habitats. Spatial stream
network modeling (SSNM) provides high resolution predictions of temperature patterns
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over large spatial extents and their application to animal occurrence data has become
more widespread (Isaak et al. 2014). A novel combination of telemetry detection data and
spatial modeling will provide a detailed characterization of Arctic grayling thermal
ecology and available thermal habitat as well as interactions with bull trout (see below).

Understanding diets and dietary relationships of coexisting species is important to
determine resource partitioning (Wrona et al. 1981) as overlap in dietary resource use is
thought to influence spatial ecology and population trends of coexisting fish (Stamford
etal. 2017). Coexisting species often exploit different resource niches, resulting in reduced
competition between the species (Millinsky 1982). Further, competition influences diet
selection, in which competitive individuals select for higher nutrition food sources
resulting in others adopting a generalist diet pattern (Milinsky 1982). Interspecific
competition has been defined as “the demand of more than one organism for the same
resource of the environment in excess of immediate supply” (Larkin 1956). Therefore,
dietary trends can be a viewed as the result of single or compounding factors such as
habitat availability, stream productivity, spatial distribution and interspecific
competition (Evangelista et al. 2014, Magnan and Fitzgerald 1984). Intraspecific
competition can also drive diet preference as larger, dominant individuals establish
feeding hierarchies within a species (Hughes 1992). Feeding hierarchies have been
observed within freshwater fish populations where larger fish tend to outcompete other
individuals for optimal feeding positions (Hughes 1992). In the Williston Reservoir
Watershed, Arctic grayling co-occur with bull trout (Salvelinus confluentus) in streams of
several core areas, and there is a strong potential for size-dependent overlap in resource
use. For example, as juveniles, both species prey heavily on terrestrial drift, aquatic
insects and other invertebrate prey and individuals larger than 150 mm will increasingly
include fish as prey (Stewart et al. 2007a,b). Arctic grayling feeding behavior also appears
to be related to the degree of competition for prey resources (Stewart et al. 2007b). Overlap
in resource use and/or risks of predation by larger bull trout on smaller Arctic grayling,
may significantly influence the spatial ecology of Arctic grayling in ways that limit the
potential growth of its populations (Stamford et al. 2017). Therefore, examining trophic
positions of multiple species, trends in dietary niche between bull trout and Arctic
grayling, as well as dietary breadths of both species is necessary to characterize the
trophic relationships at the community, interspecific and intraspecific levels.

2. Objectives and Linkage to FWCP Action Plans and Priority Actions

The goal of this project is to investigate the spatial ecology of sub-adult and adult Arctic
grayling and their interactions with bull trout in the Parsnip mainstem and tributaries, a
core area of Arctic grayling populations in the Williston Reservoir Watershed.
Specifically, the objectives are to:

i. Investigate the migrations of sub-adult and adult Arctic grayling among the
Parsnip mainstem, tributaries and a nearby watershed (Pack River);
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ii.  Describe and define the distribution and thermal habitat use of sub-adult and
adult Arctic grayling;

iii. ~ Determine the overlap in distribution patterns of sub-adult and adult Arctic
grayling and bull trout;

iv.  Determine the patterns of resource use and the resulting trophic relationship
between Arctic grayling and bull trout.

The information gathered in this study will fill in data gaps that were identified as
moderate and high immediacy for the Parsnip core area (data gaps 5.1.3a-i in Table 6 of
Stamford et al. 2017) and will also be relevant to other core areas in the Williston
Reservoir Watershed (2.3.1b-c and 2.3.5 in Table 1 of Stamford et al. 2017). Therefore, the
outcomes of this study will primarily address the priority action # 9 (PEA.RLR.S03.RI.09)
of the Peace Region Rivers, Lakes, and Reservoirs Action Plan (FWCP 2020). However, given
that the study will collect data on bull trout, it will also contribute information to address
priority # 13 (PEA.RLR.S04.R1.13) of the Peace Region Rivers, Lakes, and Reservoirs Action
Plan (FWCP 2020), particularly by filling in high immediacy data gaps 5.1a and 5.1b
outlined in Table 5.1c in Hagen and Webber (2019).

3. Study Area

The project was conducted in the Parsnip River core area (watershed), with a focus on
five streams in 2020: Parsnip River, Anzac River, Table River, Hominka River, and
Missinka River. The Parsnip River watershed lies within the territory of the Tse’khene
First Nation.

3.1. Parsnip River

The Parsnip River (54.769403°, —122.501018°) has a watershed area of 5,612 km? (Hagen
et al. 2015). Total river length is 175 km, and the majority of this is low gradient. The river
has a wide channel with many meanders, large gravel bars and clay banks. Substrate is a
mix of cobble, gravel and fines. The Parsnip River and its major tributaries drain a
mountainous area in the Hart Ranges of the Rocky Mountains, which lies east of the
Rocky Mountain Trench. The Parsnip has turbid water as a result, and high peak flows
from late-May to early June. Substantial glacial influence occurs in the Upper Parsnip
River. However, in late summer downstream of the Missinka River (54.578597°, -
122.034947°), turbidity improves (Hagen et al. 2015). The highest flows occur in late May,
and the lowest flows occur during the period from September to March (Blackman
2002a). Discharge and temperature data are available from a Hydrometric Data gauge
located above the confluence with the Misinchinka River (Station 07EE007, Water Survey
of Canada).
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3.2. Anzac River

The Anzac River (54.902632°, —122.280257°) drains a 939 km? watershed and is 78 km in
length with an average gradient of 0.7% (Blackman 2002a). The stream drains a
mountainous region of the Hart Ranges in the Rocky Mountains, on the East side of the
Parsnip mainstem. Watershed elevation ranges from 730 m at the confluence with the
Parsnip River to 2,495 m in the headwaters (Beaudry et al. 2000). The upper river is
characterized by bedrock canyons with a moderate gradient (1-2%). The lower river lies
in a wide unconfined valley. As the river nears the Parsnip River confluence it creates
large meanders, many oxbows and has a low gradient (<0.5%) (Blackman 2002a).
Snowmelt causes high river turbidity and flows in the spring months. However, the
Anzac is low and clear in the late summer months and fall. Substrate is mainly composed
of clean cobble and gravel. No hydrometric data are available for the Anzac River.

3.3. Table River

The Table River (54.755545°, —122.090737°) drains a 506 km? watershed and is 56 km in
length with an average gradient of 0.7% (Blackman 2002a). The stream drains a
mountainous region of the Hart Ranges in the Rocky Mountains, on the East side of the
Parsnip mainstem. Watershed elevation ranges from 725 m at the confluence with the
Parsnip River to 2500 m in the headwaters (Beaudry et al. 2000). The upper river has a
moderate gradient (1-2%). The lower river has a low gradient (<0.5%) and contains many
oxbows, side channels and abandoned channels (Blackman 2002a). No hydrometric data
are available for the Table River.

3.4. Hominka River

The Hominka River (54.696944°, -121.837500°) drains a 433 km? watershed (Hagen et al.
2015). The stream drains a mountainous region of the Hart Ranges in the Rocky
Mountains, on the East side of the Parsnip mainstem. Watershed elevation ranges from
669 m at the confluence with the Parsnip River to 2,100 m in the headwaters. The upper
watershed is confined by steep slopes which quickly ascend to alpine terrain, and the
river has a moderate gradient (3-5%). The lower river is sinuous, low gradient (<0.5%)
and drains many adjoining marsh wetlands (Beaudry et al. 2000). No hydrometric data
are available for the Hominka River.

3.5. Missinka River

The Missinka River (54.596666°, -121.737500°) drains a 434 km? watershed (Hagen et al.
2015). The stream drains a mountainous region of the Hart Ranges in the Rocky
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Mountains, on the East side of the Parsnip mainstem. Watershed elevation ranges from
740 m at the confluence with the Parsnip River to 2,346 m in the headwaters. The upper
river is entrenched, confined by steep valley walls, and the river has a moderate gradient
(1-3%). The lower river is sinuous, low gradient (<0.5%) with a wide alluvial floodplain
(Beaudry et al. 2000). No hydrometric data are available for the Missinka River.

4. Methods

The methods used to address the study objectives include: acoustic telemetry, capture-
recapture, temperature data logging, stable isotope analysis and spatial stream network
modeling. Arctic grayling and bull trout were captured by angling. Captured fish were
tagged (acoustic transmitters, and/or PIT [Passive Integrated Transponder] and anchor
tags), sampled for muscle and adipose fin tissue (use in stable isotope analyses), and
released. Fish tagged with acoustic transmitters have been continuously monitored by an
array of acoustic receivers deployed throughout the Parsnip River watershed and in the
Pack River. A small subset of potential prey for Arctic grayling and bull trout were
caught by angling, kick-netting and electrofishing, were sacrificed for stable isotope
analysis (to fully characterize the food webs where Arctic grayling and bull trout are
located). Separate data loggers were deployed to monitor both air and water temperature
throughout the Parsnip watershed.

4.1. Fish Capture and Tagging

Arctic grayling and bull trout were captured by angling at various sites in the Anzac,
Table, Hominka, Missinka and Parsnip rivers (Figure 1). Captured Arctic grayling and
bull trout > 230 g were surgically tagged with acoustic transmitters. For surgical tag
implantation, the fish were sedated by electro-anaesthesia (Ward et al. 2017, Abrams et
al. 2018) using electric gloves attached to a Transcutaneous Nerve Stimulation (TENS)
3000 unit (Koalaty Products Inc., Tampa, USA), while kept in a V-shaped trough filled
with ambient water. A small incision (20-30 mm) was made on the ventral midline 30-50
mm posterior to the pectoral fins and an acoustic tag (V9, Vemco, Bedford, Canada) and
a PIT tag (12mm HDX, Oregon RFID) were inserted into the peritoneal cavity. The
incision was closed with 3-4 simple interrupted sutures (Wagner et al. 2011). The tags as
well as the tagging instruments were all disinfected in a bath of Virkon (Lanxess,
Germany) for 10 minutes and rinsed with distilled water. The fish were also externally
tagged with an anchor tag (below the dorsal fin), measured (fork length), weighed and
sampled for muscle and adipose fin tissue. After processing, the fish were placed into a
recovery bag filled with ambient water and released at the capture site after regaining
equilibrium and responding vigorously when grabbed by the tail.

To augment spatial information on Arctic grayling and bull trout, additional fish were
captured and tagged with anchor and/or PIT (8mm FDX or 12mm HDX) tags, including
fish < 230 g. The captured fish were immobilized by electro-anaesthesia (see above) and
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quickly handled in a V-shaped trough filled with ambient water, where they were
externally tagged with an anchor tag (below the dorsal fin) and PIT tag (injected into the
abdominal cavity), measured (fork length), weighed, and sampled for muscle tissue and
adipose fin tissue. The location of capture or recapture of tagged fish was recorded with
a GPS. In an effort to increase the number of recaptures, local First Nations and
recreational anglers have been asked to report the capture of any tagged fish as well as
the date/time and spatial coordinates of capture. We have been working with the
Angler’s Atlas to use their MyCatch app and their capacity to reach out to thousands of
anglers in BC to request that any tagged fish caught by anglers be reported along with
the relevant information (date/time, location, and tag number).

Fish handling and tagging protocols were approved by the UNBC Animal Care and Use
Committee (Protocol number: 2018-06). Permits to capture and tagging fish in this study
were issued by the BC Ministry of Forests, Lands, Natural Resource Operations and
Rural Development (Fish Collection Permit numbers: PG18-356580, PG19-523435, and
PG20-606121).

4.2 Monitoring of Fish with Acoustic Telemetry
4.2.1 Field Data Collection

Acoustic receivers (VR2W, Vemco, Bedford, Canada) were deployed widely across the
watershed in clusters of 2-4 receivers spaced 0.5-2 km from one another (Royle et al. 2014).
Receivers were moored hydrophone-up on the streambed using a system of concrete
blocks, steel cable, and duckbill earth anchors. Given the narrow width of the streams
(10-60m) in the study area and the typically high detection efficiency of acoustic receivers
at short distances (< 50m), only one receiver was deployed at each point location at 5-20m
from the banks. Data download windows are typically constrained to late summer and
early fall by seasonally high water and difficult site access. As such, data collected by
acoustic receivers from 2018-2019 were downloaded in 2019, data collected in 2019-2020
were downloaded in 2020, and data collected from 2020-2021 will be downloaded in 2021.

4.2.2 Receiver Array Maintenance

The original acoustic array used in this study was installed in 2018 and consisted of 55
acoustic receivers deployed in the Parsnip River watershed and one receiver deployed in
the Pack River watershed. The array grew in 2019, with an additional 26 acoustic receivers
(including two replacements) deployed in the Parsnip River watershed and an additional
two receivers in the lower Pack River (Figure 2). Between 2018 and 2019, eight acoustic
receivers were lost; seven to shifting sediment burying the receiver or exposing the
anchor (Table River - 4; Anzac River - 2; Parsnip River - 1) and one was lost due to
vandalism. The vandalized receiver was sent to Vemco for repair and was not replaced,
while two of the seven sites where receivers were lost to natural disturbance were
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deemed feasible for replacement (one in the lower Table River; one in the upper Anzac
River). Deployment methods were adjusted after the 2018-2019 losses, with focus shifting
from pool habitats (which were associated with sediment deposition and small, mobile
sediments) to slow, deep run/glide habitats (which were associated with better receiver
retention and larger, more stable cobble substrates). Between 2019 and 2020, 21 additional
acoustic receivers were lost due to an unusually high and sustained spring freshet which
impacted the riverine environment to the point that some sites were no longer
recognizable from the year before (Table River - 7; Parsnip River - 5; Anzac River - 4;
Hominka River - 3; Missinka River - 2; Misinchinka River - 1). Due to the clustered
deployment strategy and large spatial extent of the receiver array, these losses, while
unfortunate due to data loss, will not affect our ability to carry out the project objectives.
After accounting for replaced and unreplaced losses, Arctic grayling and bull trout
tagged pursuant to this study are being continuously monitored by an array of 61
receivers. Evaluation of array detection efficiency is ongoing with specific testing goals
in place for the 2021 field season to evaluate our preliminary observations about the
influences of flow and river morphology on detection efficiency.

4.2.3 Data Preparation and Analyses

Pre-processing and analyses of telemetry data were conducted in R Statistical Software
(R Core Development Team 2020). Data was reproducibly pre-processed following the
protocols outlined in the package actel (Flavio and Baktoft 2020). Exploratory analyses of
the telemetry data were conducted using the packages actel, RSP (Niella et al. 2020), and
overlap (Ridout and Linkie 2009). For the 2018 - 2020 seasons, telemetry data has been
analyzed in a coarse exploratory framework. Once collection of the telemetry data is
completed in the fall of 2021, analyses will be extended to include both fine-scale analyses
of movements and migrations as well as quantitative metrics of home range size and
activity center using spatial capture-recapture models (Royle et al. 2014). Coarse
exploratory analyses included plotting individual fish detection histories to estimate
residency histories across the duration of the monitoring period. Using package RSP,
individual movement patterns are visualized by ‘tracks’, defined as individual
movement events occurring in less than a 24-hour period. Population-level metrics were
estimated for both Arctic grayling and bull trout. Arrival and departure times to and from
the Parsnip mainstem and each tributary were plotted by species using package actel and
used for coarse estimates of migration timing. Spatio-temporal overlap between Arctic
grayling and bull trout was visualized monthly from January to August 2020 using
dynamic Brownian Bridge Movement Models (dBBMM) as a way to gain coarse insights
into the migration behaviors of these species.

Arctic grayling spawning migrations are characterized in part by the early arrival of
males to the spawning grounds (Lashmar and Ptolemy 2002), so receiver sites in the
middle-to-upper reaches of the tributaries were explored for sexual differences in order-
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of-arrival times using package overlap (Ridout and Linkie 2009). This package fits kernel
density functions to two datasets and analyzes them for periods of temporal overlap and
in this analysis was applied to Arctic grayling detection data subset by sex. Analyses done
in packages actel and RSP required a shapetfile of the study area. Polygons of each river
were downloaded from the Freshwater Rivers Atlas of BC (GeoBC) and merged in QGIS
(v 3.14.16). Rivers were buffered by 200 m to ensure they would be detected by the pixel
size of the import function and their extent traced by a polygon. The difference between
the river shapefiles and the extent polygon was taken to create one rectangular polygon
with “empty” space depicting water.

4.3. Temperature Monitoring

4.3.1 Field Data Collection

Air and water temperature data loggers (DS1921Z, Maxim Integrated, San Jose, USA;
MX2203 and MX2201, Onset, Bourne, USA) were deployed throughout the study area in
the 2018, 2019 and 2020 field seasons. Water temperature loggers were attached to
acoustic receiver moorings or boulders in the stream following methods outlined by Isaak
et al. (2013). Air temperature loggers were installed 2 m off the ground on stable
vegetation 0 m and 10 m from the stream. Inferences made from predicted temperatures
can be greatly affected by the spatial relationships of sampled sites (Som et al. 2014).
Spatial Stream Network Models use universal kriging, a geospatial technique for spatial
data interpolation. Optimal network design for the estimation of semivariance is critical
for gaining accurate and insightful conclusions from spatial data (Dale and Fortin 2014,
Cressie et al. 2006). To accurately describe semivariance, a measure of spatial
autocorrelation, it is suggested to include areas of high leverage in spatial trends
(Zimmerman 2006). For a dendritic river network, such as the Parsnip watershed, we
spread temperature loggers over an elevational gradient and clustered loggers around
confluences (Figure 2). Temperature data was downloaded at the same time as the
acoustic receivers in September and October of 2020.

4.3.2 Data Cleaning and Imputation

Data collection and cleaning was conducted according to methods outlined by Sowder
and Steel (2012). Some temperature records were incomplete for a variety of reasons
including battery failure, exposure to air and logger malfunctions. Time series with
greater than 30% record completion during a temporal window of interest were imputed
using a regularized iterative Principal Component Analysis algorithm implemented in
the missMDA package in R Statistical Software (Josse and Husson 2016, R Core
Development Team 2020). This data imputation technique creates a complete time series
of daily mean air and water temperatures for each location. The algorithm implemented
in the missMDA package minimizes and provides the mean square error of prediction
(MSEP) for imputation using leave-one-out cross validation. The data loggers recorded a
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variety of sub-daily measurements, so data was aggregated into daily values for
imputation. This technique of data imputation has a demonstrated history for
temperature records and SSNM’s (Isaak et al. 2018).

4.3.3 Hydrological Layer Pre-processing

Spatial statistical models such as the SSNM require valid autocovariance functions to
account for large error variance cause by spatial autocorrelation among measurement
locations. Due to the branching structure of river networks and the influence of
downstream flow and tributary confluences, autocovariance functions need to be based
on network distance, as patterns in spatial autocorrelation are not adequately described
by euclidean distance (Isaak et al. 2014). Specialized toolsets are required to fit spatial
models to stream networks, which calculate a variety of watershed attributes including
stream network distance, flow direction and landscape contributing areas. Before
watershed attributes can be gathered, water temperature data was prepared in a points
shapefile holding information on aggregated temperature metrics and data logging site
locations. A gridded air temperature raster layer at 1km resolution was created with
Universal Kriging in SAGA GIS (Conrad et al. 2015). Both air and water temperature data
were aggregated across a relevant time window of July 1st to September 15t of 2019 and
2020. This time window represents the “trophic feeding” window of Arctic grayling
seasonal migrations. This temporal window was chosen based on historical movement
studies as well as preliminary analysis of acoustic telemetry data using the actel package
in R Statistical Software (Blackman 2002b, Flavio and Baktoft 2020, R Core Development
Team 2020). The openSTARS package in R Statistical Software was used to produce a pre-
processed stream layer (SSN object) (Kattwinkel and Szocs 2018, R Core Development
Team 2020). The openSTARS package uses R and GrassGIS (Neteler et al. 2012) to derive
watershed physical components from a digital elevation model (DEM). Additional
landscape covariates created by the openSTARS package include upstream contributing
area (H20OAreaA), elevation and slope (Table 1).

4.3.4 Spatial Stream Network Model Selection

Following creation of the SSN object, the SSN package in R Statistical Software was used
to generate and evaluate spatial statistical models which predict temperature metrics
across the entire watershed (Ver Hoef et al. 2014, R Core Development Team 2020). Model
selection was based on a multi-stage process following methods outlined in Peterson and
Ver Hoef (2010) and Marsha et al. (2021). First covariates were selected using a threshold
of inclusion, where evidence of a weak relationship with the response metric resulted in
removal of the covariate (p > 0.15 for a two-sided t-test under a null hypothesis of zero
slope). Then the covariates which passed the threshold test were evaluated for multi-
collinearity and where covariates had correlation coefficients >|0.8| only a single
covariate was retained. The third stage involved the selection of covariance parameters
used to describe spatial autocorrelation among network connected, un-connected and
euclidean distances. A matrix was created with all possible combinations of covariance
parameters in the SSN package. The combination of covariance parameters which yielded
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the lowest AIC score were selected and used for prediction of water temperature across
the Parsnip watershed.

4.4. Stable Isotope Analysis
4.4.1 Stable Isotope Sample Collection

Sampling for stable isotope analysis (SIA) occurred at eight sites stratified across the
upper and lower reaches of the Anzac, Hominka, Table rivers, as well as the lower
Missinka river (Figure 1). All sites were angled for a total of 2 person-hours (=2 anglers x
1hr effort) to target large, mature fish. White muscle tissue and adipose fin samples were
also provided by collecting samples during acoustic implantation surgery. Sampling of
aquatic macro-invertebrates, other fish, periphyton and terrestrial vegetation, was
conducted at the same eight sites. Benthic macro-invertebrates were sampled by
conducting three rounds of 30 second kicknets in shallow riffles. Collected macro-
invertebrates were then identified and stored for lab processing by genera. Potential prey
fish such as slimy sculpin (Cottus cognatus), juvenile burbot (Lota lota) and mountain
whitefish (Prosopium williamsoni) were captured during kick netting or via electrofishing,
using a backpack electrofisher (LR-24, Smith-Root, Vancouver, WA, USA). Sampling was
conducted along stream margins, beginning with conservative settings (100v, 40Hz, 10%
duty cycle), then adjusted for optimal capture. Particulate organic matter was collected
via scrubbing 5 large rocks in 3L of stream water for 30 seconds. Terrestrial vegetation
was sampled via collecting the five most abundant riparian species.

A large variety of samples is important to reduce uncertainty in dietary sources as well
as provide insight into food web structure as small sample sizes can skew results of
metrics (Layman et al. 2007). Further, having samples representative of many different
food sources will help generate a larger, more holistic food web characterization by the
end of the project. Preliminary analyses on differences in summer diets of bull trout and
Arctic grayling highlighted previously low sample sizes. In 2020 there was a significant
effort to increase both bull trout and Arctic grayling sample sizes as well as obtain a larger
variety of size classes represented in our data.

4.4.2 Stable Isotope Sample Preparation and Analysis

In the laboratory, all collected material was kept in a -30°C freezer until processing for
stable isotope analysis. Periphyton samples were filtered using a vacuum filtration
system fitted with a fibreglass filter. All samples were dried in a standard laboratory
convection oven set at 50°C for a minimum of 48 hours and then ground to a powder
using a mortar and pestle. Measurements of 513C and 6N isotope from ground samples
was done with a Delta Plus Continuous Flow Stable Isotope Ratio Mass Spectrometer
(Thermo Finnigan, Bremen, Germany) coupled to a Carlo Erba elemental analyzer
(CHNS-O EA1108, Carlo Erba, Milan, Italy) at the Environmental Isotope Laboratory,
University of Waterloo (Waterloo, ON).
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4.4.3 Stable Isotope Data Analysis

SIA is a common method used to investigate ecosystem food webs, determine trophic
interactions between species and diet analysis, all done by looking at 6'3C and 65N ratios
(e.g. Harrison et al. 2017, Estrada et al. 2003). R Statistical Software packages such as
SIBER (Stable Isotope Bayesian Ellipses in R) have been developed to estimate dietary
breadth and dietary overlap from stable isotope data (Jackson et al. 2011, Layman et al.
2007). SIBER is considered a powerful tool and accurate method of understanding trophic
relations and niches, as isotope enrichment in tissues increases with trophic level (Jackson
et al. 2011, France 1995). SIA using ellipses creates an accurate analysis of consumer diet
with resulting ellipse variance representing among individual variation in diet (Harrison
et al. 2017, Semmens et al. 2009). Ellipses are chosen as they can be used to determine
niche similarity among species or communities (Jackson et al. 2011, Layman et al. 2007).

Results of samples collected in 2020 were received in January of 2021. Basic isoplots fitted
with 95% confidence ellipses were plotted and a set of comparative metrics such as total
ellipse area and standard ellipse area corrected for small sample sizes (Layman et al. 2007)
were calculated for both Arctic grayling and bull trout, as well as with invertebrates and
prey fish. Total ellipse area (TA) and standard ellipse area corrected for a small sample
size (SEA.), were calculated to provide insight on trophic positioning between species
and at a larger scale (Jackson et al. 2011, Layman et al. 2007). An unequal variances t-test
was used for determining differences in levels of carbon and nitrogen between bull trout
and Arctic grayling. Residuals were assessed for normality using Q-Q plots.
Homogeneity of variance was assessed using Levene’s test. Ultimately, all data tested
met the assumptions of the tests applied. A general linear model was fitted to the fork
length, C isotope and N isotope data to determine patterns of dietary preferences among
size classes in a species. These varied analyses enabled us to investigate differences not
only between species but also among varying size classes within species. All analyses
were done using R Statistical Software (R Core Development Team 2020).

5. Results and Outcomes
5.1. Fish Capture, Tagging and Recaptures in 2020

A total of 69 fish (44 Arctic grayling and 25 bull trout) were tagged in 2020, (13 Arctic
grayling and three bull trout in the Hominka River, three and two in the Missinka River,
12 and eight in the Table River, 15 and six in the Anzac River, zero and one at Colbourne
Creek, one and three in the Parsnip River, and zero and two in the Pack River) (Figure 2).
All fish were tagged with acoustic transmitters, PIT tags and anchor tags. To date, a total
of 220 fish have been tagged across the watershed.
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Among tagged Arctic grayling, 16 were identified as females (mean +1 SD: 481.6 + 151.0
g for weight; 33.4 + 3.0 cm for fork length), 12 were identified as males (mean +1 SD:
598.8 + 134.3 g for weight; 39.3 + 9.5 cm for fork length), and 16 could not have the sex
determined (mean + 1 SD: 407.1+ 209.2 g for weight; 30.4 £6.1 cm for fork length).

Among tagged bull trout, six were identified as females (mean + 1 SD: 2,391.7 £ 759.0 g
for weight; 58.3 + 7.1 cm for fork length), 11 were identified as males (mean + 1 SD:
2,320.6 £+ 975.0 g for weight; 63.4 £+ 14.8 cm for fork length), and eight £ 1 SD: 867.3 +
1,040.6 g for weight; 39.3 £+ 15.5 cm for fork length).

Seven fish were recaptured in 2020. Project staff recaptured three Arctic grayling in the
month of September; one each in the Anzac, Table, and Hominka Rivers. An angler
recaptured one grayling and one bull trout from the Anzac River during the month of
July and one bull trout from the Anzac River in August. Another angler recaptured one
bull trout from the Anzac River in August.

5.2. Acoustic Telemetry Monitoring

5.2 Telemetry results

Exploratory analyses of individual detection histories (Appendix A.1) showed that
migratory populations of Arctic grayling and bull trout in the Parsnip core region show
relatively high tributary fidelity during their spring and summer migrations. Of the fish
that have been monitored long enough to have multiple seasons of track histories, the
majority showed a residency period in the Parsnip mainstem over the winter months and
a circular migration to the same tributary as they spent time in during the previous
summer. Only eleven fish were detected having visited multiple tributaries in addition
to the Parsnip mainstem, and only one of these (bull trout 24384) showed any pattern of
spending sustained time in more than one tributary; each summer saw this individual
spend about a month each in the Anzac and Table Rivers. Of the remaining multi-
tributary users, Hominka/Anzac River splits were the most commonly observed.
Individual detection histories were both analyzed and visualized using package RSP
‘tracks’. RSP tracks are single movement ‘events’ (a series of detections spanning two or
more receivers and lasting less than 24 hours), and they revealed that bull trout on
average moved farther per event (12.3 £+ 8.3 km per event) than Arctic grayling (4.3 £ 6.3
km)(Appendix A.2). There was no significant difference (t = 0.08, P = 0.93) in the number
of movement events between Arctic grayling (13.6 + 9.6 events per individual over the
duration of the study) and bull trout (13.3 + 15.2), though the mean total distance moved
was slightly lower in the tagged Arctic grayling (38.3 + 40.4 km) than in the tagged bull
trout (50.0 + 45.2 km). Bull trout that showed large-scale movement events commonly
showed track histories that left the detection range of the telemetry array downstream of
the Misinchinka River, likely continuing on towards the Williston Reservoir (Appendix
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A.3). In contrast, only one tagged Arctic grayling showed a movement history that
extended downstream of the Misinchinka River (Arctic grayling 19305).

Dynamic Brownian Bridge Movement Models (ABBMM) were used to visualize the
distribution of both species and were plotted by month from January - August 2020
(Appendix A.4)(Niella et al 2020). From the monthly observations, overwintering habitat
use was concentrated at the confluences of the Anzac and Hominka Rivers with the
Parsnip mainstem. Some movement around the mainstem was common over the winter
months, with some brief periods of activity in the lowest reaches of the Anzac and
Hominka Rivers. Grayling were not observed in the tributaries during the winter months,
but the middle reach of the Table River saw bull trout activity in the months of January -
April. In May, all detected bull trout and some Arctic grayling began to enter the
tributaries, with much of the Parsnip mainstem occupied by Arctic grayling. By June,
Arctic grayling have committed to the tributaries, and even the highest reaches in the
array detect movement of both species. In July, the spatial extent of bull trout spread back
to include the Parsnip mainstem, while Arctic grayling distribution largely remained in
the tributaries and the Parsnip mainstem between the Table and Hominka Rivers.
Interestingly, the Parsnip mainstem downstream of the Anzac River saw widespread
Arctic grayling movements during the month of August when detection in the tributaries
was still significant. These movement patterns can be seen in the arrival time plots
generated by the package actel, with June and July showing peaks in the arrival data for
the tributaries, and September and October showing peaks in arrival times back into the
Parsnip mainstem (Appendix A.5). As was seen with the distribution plots, the data
display a clear periodicity in the tributaries with little to no activity occurring in the
winter months. The arrival of Arctic grayling to spawning grounds is characterized in
part by an early arrival of males. Overlap analyses were performed at each receiver site
in the middle-to-upper tributaries that returned at least 3 detections of both male and
female Arctic grayling occurring at any time during the year (Appendix A.6). Two sites
in the Anzac River (ANZR08, ANZR37) and three sites in the Table River (TBLRO09,
TBLR15, TBLR35) showed evidence of early male arrival.

5.3. Temperature Monitoring

5.3.1 Field Data Collection

In 2020, eight new water temperature logging stations were deployed in the Parsnip
watershed. Three of these new water temperature logging locations received associated
air temperature loggers. New deployments were targeted in previously unsampled
portions of the watershed which do not hold populations of Arctic grayling but
contribute to the downstream thermal riverscape. In the fall of 2020, data from 65 water
temperature loggers and 40 air temperature loggers were downloaded.

5.3.2 Temperature Data Imputation and Summary Metrics
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Data were available from 39 logger locations in 2018 for late summer (August 1-
September 15) revealing a mean temperature of 11.90°C (+ 2.98°C). The mean water
temperatures for the trophic feeding window (July 1 - September 15) in 2019 and 2020
were 10.60°C (+ 1.66°C) and 9.47°C (x 2.37°C) respectively. These summary metrics and
the SSNM'’s were derived from 57 complete water temperature times series in 2019 and
51 in 2020. The corresponding mean air temperatures in 2019 and 2020 were 11.90°C (+
2.35°C) and 11.20°C (+ 3.13°C) respectively. These summary metrics and air temperature
covariates in the SSNM’s were derived from 21 useable air temperature times series in
2019 and 17 in 2020. The MSEP for imputation of water temperature was 0.1960°C for
2018, 0.1670°C for 2019 and 0.1941°C for 2020. The MSEP for data imputation of air
temperature was 0.6522°C and 0.8150°C for 2019 and 2020, respectively. Box and whisker
plots were used to visualize detection temperatures for Arctic grayling (Figure 3) and bull
trout (Figure 4) during the late summer in 2018 and the trophic feeding window in 2019
and 2020. For these visualizations, only a subset of acoustic receivers with attached
temperature loggers could be used (2018 n=15, 2019 n=40, 2020 n=25). Mean Arctic
grayling detection temperature was 10.29°C (+ 2.47°C) in 2018, 10.62°C (+ 1.35°C) in 2019
and 9.62°C (£ 1.94°C) in 2020. Mean bull trout detection temperature was 8.91°C (+ 1.70°C)
in 2018, 10.52°C (+ 1.52°C) in 2019 and 10.26°C (+ 2.12°C) in 2020. Comparing results
between 2018 and 2019/2020 should be done with caution because the 2018 data covers
a shorter temporal scale and a significantly reduced telemetry and temperature logging
array.

5.3.3 Spatial Stream Network Model

Spatial Stream Network Models were fit for the trophic feeding window (July 1st -
September 15t%) average weekly average temperature (AWAT) and average weekly
coefficient of variation (AWCoefVar) in 2019 and 2020 (see temperature data logging sites
and AWAT metrics in Figures 5 and 6). No single mix of covariance parameters could
most accurately predict the two response metrics in each year. This speaks to variability
in temperature data across metrics and years. The two covariates representing air
temperature (AvImpA) and reach contributing area (H20OAreaA) passed the model
covariate selection process. Covariates describing average elevation and slope were too
highly correlated to air temperature and reach contributing area so were discarded from
the analysis. The final covariates, covariance parameters and the root mean squared
prediction error (RMSPE) of the models can be seen in Table 1. Two trends are apparent
in the SSNM predictions. The first is that elevational gradients dominate the averaged
thermal landscape (Figures 7 and 9). The second is that variability (AWCoefVar) was not
homogenous across the thermal landscape but varied across sites and years.

5.4. Stable Isotope Analysis

Since 2018, a total of 401 biological samples have been collected for isotopic analysis of
carbon (8'3C) and nitrogen (6'°N) (Table 2). Samples included adipose fin tissue (n =118),
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muscle tissue (n = 126), prey fish (n = 41), invertebrates (n = 30), terrestrial vegetation (n
=70) and aquatic vegetation or periphyton (n = 16).

Stable isotope biplots fitted with 95% ellipses were used to determine breadth size of
Arctic grayling and bull trout diets as well as infer trends about resource use and overlap
(Figure 11). When comparing bull trout and Arctic grayling dietary breath (TA), bull trout
were found to occupy a larger dietary niche in comparison to Arctic grayling (TApun =
67.8, TAgrayling= 17.7). SEA. also confirmed this relationship (SEAc pun = 17.4, SEAc grayling =
2.8). These data indicate that bull trout are consuming a diverse selection of dietary items
while Arctic grayling exhibit more homogeneous dietary preferences between
individuals (Figure 11). A stable isotope biplot was also used to investigate food web
positioning of Arctic grayling and bull trout (Figure 12). Bull trout were found to occupy
the top trophic position with Arctic grayling being the next highest. Prey fish diets
registered slightly below Arctic grayling.

Significant differences in mean isotopic carbon (f = 5.18, df = 124, P < 0.001) and nitrogen
(t =-9,83, df = 41, P < 0.001) between Arctic grayling and bull trout were identified
(Figures 13, 14). Mean 0N levels were measured at 7.28%o0 for Arctic grayling and
10.87%o for bull trout (Figure. 13). Mean 8'3C levels in arctic grayling were calculated at
-28.12%o0 and bull trout were measured at -30.01%o (Figure 14). A linear regression
revealed no relationship between Arctic grayling 6°N and fork length (F = 1.54, df = 84,
P =0.21) (Figure 15), but a positive relationship between 6'°N and fork length in bull trout
(B =0.098,95% CI [0.007, 0.013], t = 6.99, P<0.001, R? = 0.58, Figure 16).

5.5. Community Outreach

We have engaged in eight outreach activities in 2020:

i. Online Undergrad thesis presentation: Online presentations of 2019/2020
NREM 430 studies, April 23rd 2020. Undergraduate student Ian Clevenger
presented a summary of the project along with preliminary findings of
analyses done on stable isotope data. The presentation lasted 15 minutes and
was attended by a mixed group of peers, professors, local FLNRORD staff and
the general public.

ii. Instagram post by the project lead (Eduardo Martins) on August 6 briefly
describing the project goal and highlighting the FWCP support. Audience
reached: 74 direct followers.

iii. During the field season, the team was approached by a local filmmaker who
wanted to incorporate the study into the narrative of his episode on the Table
River for the Reelistic Outdoors show. Joe Bottoms and Ian Clevenger were
included in a 5-minute segment of the episode, catching and tagging fish as
well as Joe gave an overview of the project scope as well as the importance of
furthering the understanding of Arctic grayling in the Parsnip watershed. The
episode aired on 8 December, 2020 on the Sportsman Channel.
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iv. Presentation of the spatial stream network model and thermal habitat use by
Arctic grayling at the Canadian Conference for Fisheries Research in the
Telemetry Symposium by Bryce O’Connor February 15-19, 2021.

v. Presentation of the spatial stream network model and thermal habitat use by
Arctic grayling at the Washington-British Columbia Chapter of the American
Fisheries Society Annual Meeting by Bryce O’Connor March 1-3, 2021.

vi. Presentation of the spatial stream network model and thermal habitat use by
Arctic grayling at UNBC Research Week by Bryce O’Connor March 3, 2021.
vii. Presentation of project overview and thermal habitat use by Arctic grayling to
UNBC Student Chapter of The Wildlife Society by Bryce O’Connor March 25,

2021.

viii.  Discussion of preliminary results and progress update to Ministry of
FLNRORD fisheries branch staff by Dr. Eduardo Martins, Joseph Bottoms, Ian
Clevenger and Bryce O’Connor March 31, 2021.

6. Discussion

6.1. Acoustic Telemetry Monitoring
6.1.1 Movement Patterns

Analyses of 2020 data were limited by the loss of 21 acoustic receivers during prolonged
springtime flood conditions. Despite these losses, the ability of the packages actel and RSP
to handle discontinuous spatial and temporal data still allowed for insights into the
coarse scale patterns of Arctic grayling movements in the Parsnip watershed. As
salmonids, high fidelity to a certain tributary is perhaps unsurprising. An analysis of the
data using spatial capture-recapture will refine these results to include descriptions of
where individual fish home range centers are distributed across the watershed during
different migratory life phases.

Of the eleven fish that produced detection histories that include more than one tributary,
many of these showed straying into nearby rivers in the later summer, suggesting that
these were more related to feeding movements than spawning migrations.
Concentrations of fish overwintering near the confluences of the Anzac and Hominka
Rivers as well as in the Parsnip mainstem between the Anzac and Table Rivers suggest
that these are important areas for overwinter survival of these populations.

Mid-tributary use of the Table River by bull trout, while present in the data for January -
March 2020, ceases in May concurrent with ice-out. Whether these data represent a bull
trout that was trapped by ice formation in the fall, an area of groundwater upwelling
providing limited overwintering habitat, or if it is simply an error in the data resulting
from a fish dying near the receiver will become clear in 2021 data download season.
Detection history in this region can be traced to one bull trout that was tagged in July of
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2019. It moved between TBLR24 and TBLR23 over the winter of 2019-2020 and it was not
detected again after 27 April. Notable in the data is that only one tagged grayling was
detected downstream of the mouth of the Misinchinka River while seven bull trout
showed evidence of moving downstream of the Misinchinka confluence and presumably
toward the Williston reservoir. This could explain the longer distance-per-event and
mean total distances observed in the bull trout movement data, as fluvial Arctic grayling
populations remained more widespread in the Parsnip core region during their detection
histories than bull trout, which contain both fluvial and adfluvial individuals.

Spring spawning migrations of Arctic grayling appear to start in early May after ice-out
with Arctic grayling starting to enter the tributaries alongside the spring migrations of
bull trout. By June, Arctic grayling are found into the middle and upper reaches of the
tributaries. Over the duration of the study, males were observed arriving first at Anzac
River sites 8 and 27 and at Table River sites 9, 15, and 35. Anzac River site 8 reversed this
pattern in 2020, suggesting that it is less central to spawning behavior and is rather a
stopover along the migration route. While these analyses are coarse, this supports that
the first migration of the spring may be linked to spawning in these populations.

After spawning, Arctic grayling showed a more decentralized distribution in 2020. Still
present in the tributaries, Arctic grayling were also observed using the Parsnip mainstem
downstream of the Anzac River during the month of August. This reach of the Parsnip
River is low gradient, braiding, and largely absent of any major tributary inputs until the
Colbourne Creek inlet near the northern extent of the receiver array. While this is not a
description of typical Arctic grayling habitat, the timeframe of this activity suggests that
this area of the Parsnip River may be important feeding habitat for Arctic grayling.

6.1.2 Next Steps in 2021

During the 2021 field season, early-season efforts will be made to replace some of the
freshet-lost acoustic receivers at critical junctions throughout the watershed. Candidate
sites will be identified in the Anzac and Table Rivers with the goal of better
understanding the timing and spatial use of Arctic grayling spawning migrations.
Sampling efforts will resume in the early summer in a final deployment of our remaining
acoustic transmitters. Analyses of telemetry data will be expanded following the 2021 fall
data download season by the inclusion of spatial capture-recapture analyses.

6.2. Temperature Monitoring

6.2.1 Field Data Collection

Temperature loggers deployed in 2020 bolstered the existing sampling design in the
Anzac, Table, Parsnip, Hominka, Missinka, Misinkchinka, Reynolds, Colbourne,
Wichcika, Bills, Firth and other smaller (unnamed) watersheds. Including smaller
streams and new deployments along elevation gradients increased the predictive power
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of the current dataset. Temperature monitoring array expansion and maintenance is a
necessary step to create an accurate autocovariance function required to build the
SSNM's (Som et al. 2014). The drawbacks of this spatial model’s large minimum sample
size are greatly outweighed by the benefits of the temperature map and associated
predictions which can supply the information needed to support regionally significant
resource conservation decisions (Isaak et al. 2014). In order to enhance the SSNM’'s
predictive ability, maintenance of the temperature monitoring array will continue in
2021. The current model leans heavily on the spatial pattern among monitored sites to
create accurate predictions. Of particular concern is the loss of temperature logging sites
in the upper Table and middle Anzac Rivers. Work to replace these deployments will be
required early in the 2021 field season to capture as much of the summer thermal profiles
as possible for each site. Summer 2020 was highlighted by flood events and dramatic
shifts in substrate structure. This extreme year puts into perspective how dynamic this
watershed is and these types of extreme events should be kept in mind for future
deployments.

6.2.2 Temperature Data Imputation and Summary Metrics

Data imputation using the missMDA R package continues to be an effective method to
complete time series of temperature data when technological failure occurs due to logger
issues or natural events. Data inadequacies often inhibit complete dataset analysis and
the low MSEP of the imputation is a positive indication of its utility (Isaak et al. 2018).
Preliminary data summaries suggest that although a temperature gradient was present
in the Parsnip River, it did not hold thermally stressful temperatures in Arctic grayling
critical habitats. The observed mean water temperatures (11.09°C, 10.76°C, 9.47°C in 2018,
2019 and 2020) were consistent with reported thermal occurrence of adult Arctic grayling
in the Williston watershed (Ballard and Shrimpton 2009). Additionally, maximum
grayling detection temperature (a daily average) was 15.2°C in 2020. In Williston
Reservoir tributaries, the previously reported Arctic grayling upper occurrence was
14.5°C (Ballard and Shrimpton 2009). The widespread availability of coldwater habitat (<
14.5°C) in the watershed is a possible cause for the wide-ranging Arctic grayling
distribution revealed by preliminary analysis of telemetry data (Figures 1, 2, Appendix
A.1). This observation is contrary to past reporting and professional opinion which states
that Arctic grayling occupy habitat in the upper tributaries of the Parsnip River during
the summer feeding season (Blackman 2002b). While past beliefs about movement
behaviour are generally true, our research has highlighted that Arctic grayling movement
is variable and especially so in mild summers when preferred thermal habitat is widely
available. Conversely, even in these mild years, Arctic grayling were detected at
temperatures at and above 14.5°C (Figure 3). This would suggest that Parsnip River Arctic
grayling are vulnerable to predicted increases in mean temperature that are likely in all
climate change scenarios (IPCC 2014). Detection temperatures of Arctic grayling in late
summer 2018 revealed a wider spread in detection temperatures versus available
temperatures. This disparity may be indicative of thermal habitat occupancy under
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warmer conditions. This could either indicate selection of warm water temperatures to
maximize growth, or a limitation in available cold-water habitat (CWH) pushing Arctic
grayling into unfavourable conditions. Given the limitations of data from 2018 including
a small sample size, and skewed temporal scale towards August, this observation should
be interpreted with caution.

In other regions, it has been shown that bull trout occupy colder water temperatures and
will experience different repercussions to changes in available CWH than species at lower
trophic levels with wider thermal niches (Isaak et al. 2015). Our data from 2019 and 2020
suggest thermal occupancy between the two species differed by <1°C. A conservative
comparison to detection temperatures in 2018 shows a more likely disparity (> 1°C) in
thermal occupancy under more extreme climatic conditions. Extreme climatic conditions
could decrease thermal habitat overlap between the two species. While this disparity may
seem small, it must be considered that the compared metrics are means aggregated across
a large spatial scale and that the real disparity is likely to be larger when variation around
these mean temperature metrics is considered. It appears that across all three years the
mean temperature metrics created by combining individual observation sites across the
watershed does not cause concerns of thermal habitat limitation for either species
(Figures 5 and 6). Arctic grayling in the Big Hole River in Montana have a much broader
thermal niche than reported here, occupying water at temperatures as high as 26°C
(Byorth et al. 1996). Other literature suggests a more intermediary upper avoidance
temperature of 18°C (Coutant 1977). Past studies from the Williston Reservoir and our
data however suggest Arctic grayling are rarely found at temperatures above 14.5°C
(Ballard and Shrimpton 2009).

6.2.3 Spatial Stream Network Model

The temperature prediction plots created by the SSNMs can be seen in Figures 7-10. Two
interesting spatial trends are depicted in these temperature maps. The first is that
elevational gradients dominate the averaged thermal landscape in the Parsnip watershed
(Figures 7 and 9). Streams draining the high elevation Hart Ranges on the northeast side
of the watershed are providing significant cold-water input to downstream habitats.
Lower elevation tributary streams on the southwest side of the watershed are warmer
and provide an average thermal regime which is unfavourable for Arctic grayling and
bull trout. The second, unforeseen result is the great disparity in variation relative to the
mean (AWCoefVar) between the two years (Figures 8 and 10). In 2019, variation followed
an expected trend with smaller tributaries being more variable than the larger mainstem.
This is because smaller streams are more susceptible to changes in air temperature than
larger water bodies with greater thermal inertia (Fullerton et al. 2015). A second
interesting observation in 2019 is that while AWCoefVar was highest (0.06-0.08) in small
high elevation streams in the Hart Ranges (Upper Anzac, Table, Hominka, Missinka
Rivers etc.), small low elevation streams on the southwest side of the Parsnip mainstem
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(Firth, Bills, Wichcika Creeks etc.) were predicted with lower variation around the mean
(0.04-0.06). The presumed cause of this difference is that unique topography and
elevational gradients in the Hart Ranges increase variation by creating microclimates
which counteract the effects of heightened air temperature (Kurylyk et al. 2015, Woods
etal. 2015). The small low elevation streams lack these strong microclimates and therefore
have lower variation around their mean. In 2020, the AWCoefVar across the entire
watershed was high at all prediction sites. This generally agrees with our exploration of
Arctic grayling and bull trout detection temperatures seen in Figures 3 and 4 where 2020
was colder but had more variability in the thermal landscape. This heightened variation
is not a concern because the mean temperatures reported from observed sites and SSNM
predictions indicate no risk of incipient temperature thresholds for Arctic grayling or bull
trout. The homogeneity of high AWCoefVar in 2020 compared to 2019 is interesting.
Thermal habitat variation in addition to mean temperatures should begin to be
considered in management decisions. It is well documented that high variation at
temperatures near upper thermal preferences can have negative effects on species which
will differentially impact various life stages and life history tactics (Morash et al. 2021).
Monitoring water temperature and calculation of variability in addition to average
metrics should continue in order to advise landscape management decisions which
impact aquatic thermal habitat. Landscape management decisions in areas of inconstant
thermal habitats should consider the downstream implications of possible disturbances
such as forest canopy removal, which has a demonstrated history of increasing stream
temperatures (Caissie 2006).

6.2.4 Next Steps in Analysis of Thermal Habitat Use

Critical next steps in the analysis of temperature data include the collection of additional
covariates which aid the prediction of water temperature. We are exploring the
possibility of remotely sensed discharge data. The single Water Survey Canada discharge
gauge on the Parsnip River is not sufficient to describe our observation sites which cover
the entire spatial extent of the watershed. Currently the development of a site-occupancy
model to describe thermal occupancy is ongoing. This modelling approach explicitly
includes variations in detection efficiency to account for the imperfect observation
process of acoustic telemetry (Kéry and Schaub 2012). At times of increased discharge or
when a receiver mooring is damaged, a single telemetry receiver may be performing sub-
optimally. If this is not corrected for in the analysis of telemetry data, false-negatives may
bias our analysis and skew our understanding of thermal habitat use. Following the
development of thermal occupancy curves using the site-occupancy model, a probability
threshold for thermal occupancy will be established and applied to the SSNM prediction
maps (>0.7; Isaak et al. 2017, Heinle et al. 2021). This will provide a powerful visualization
of available thermal habitat and habitat use as well as allow us to quantify general metrics
of thermal habitat use that can be quickly applied to landscape level management
decisions (ie. Environmental Stewardship Initiatives).
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6.3. Stable Isotope Analysis
6.3.1 Comparison of Bull Trout and Arctic Grayling Dietary Isotopes

It has been well established that 65N changes at a consistent rate between trophic
positions (Adams and Sterner 2000, France 1995). Most studies account for a 3.4%o0 change
in 65N positions (France 1995), though there is debate as to how this value changes
between species and communities (Adams and Sterner 2000). We found significant
differences in 6N concentrations between Arctic grayling and bull trout, indicating both
species rely on different dietary inputs (Figure 13). Prey sources at the same trophic level
as Arctic grayling appear to contribute to bull trout diet as their 6'3C levels align (Figure
11, 14). Additionally, mean 65N for bull trout is around 3.5%o0 more enriched than
grayling (10.87%o vs 7.28%o). Bull trout and Arctic grayling diets differ in source when
considering terrestrial vs aquatic derived inputs (Figure 14). When considering both
species diets, the findings of statistically significant differences in 62C and 63N
concentrations mean that adult bull trout and Arctic grayling have distinct diets. Arctic
grayling likely contribute to bull trout diet in part with other potential prey fish. This is
consistent with previous studies that have noted bull trout preying on Arctic grayling
and other similar prey fish, especially as bull trout grow larger in length (McPhail and
Baxter 1996).

6.3.2 Dietary Analyses Based on Fork Length

Our results confirm that length and life history are likely main drivers in individual
dietary patterns of both Arctic grayling and bull trout as seen in other studies on the
species (Moore and Kenagy 2004, McPhail and Baxter 1996). Juvenile or smaller bull trout
are likely feeding on lower trophic levels being primarily insectivorous before switching
to larger prey such as whitefish, sculpin and Arctic grayling (Figure 16). This is thought
to happen at around 110 mm in fork length (McPhail and Baxter 1996, Guy et al. 2011).
Stream resident bull trout are also hypothesized to be primarily insectivorous (McPhail
and Baxter 1996), while fluvial and adfluvial individuals consume high protein diets,
composed primarily of fish that may be up to 50% of their body length (Beauchamp and
Tassell 2001). These high energy requirements are likely due to the increased energetic
costs of high movement and or the need to acclimate to variable stream temperatures.
Ditferences in life history and body size explain the large dietary variation shown by bull
trout in our study (Figure 15, 16). Bull trout that are isotopically similar to Arctic grayling
may be resident or smaller individuals, consuming benthic invertebrates as they cannot
outcompete fluvial and adfluvial fish for larger prey items. Additionally, the bull trout at
the higher end of the 815N spectrum may be preying upon resident or juvenile bull trout,
Arctic grayling, or whitefish, given their substantially higher 6N levels. Having a large
sample or population primarily composed of fluvial bull trout would explain the large
variation in individual diets (Figure 11) as their foraging tendencies are regarded as
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primarily opportunistic, switching between prey fish and invertebrates depending on
abundance and competition (McPhail and Baxter 1996). Adfluvial bull trout that feed in
the reservoir likely explain the two individuals that are outside of the calculated breadth
as they appear to consume higher amounts of lacustrine derived nutrients (lower 6:C)
than the sample mean (Figure 13).

Arctic grayling are regarded as primarily insectivorous foragers with terrestrial
invertebrates being important dietary items both seasonally and as fish grow larger (Zuev
et al. 2016, Stewart et al. 2007a). Juvenile diets primarily consist of zooplankton and small
invertebrates (Schmidt and O’Brien 1981, Stewart et al. 2007a). As individuals grow
larger, they rely on seasonally available invertebrates found in summer feeding
tributaries (Stewart et al. 2007a). Aquatic larvae and pupae are regarded as important
year-round prey while other dietary items that belong to the Orders Diptera and
Ephemeroptera are seasonally important (Zuev et al. 2016). Competition between bull
trout and Arctic grayling is thought to primarily occur when juvenile bull trout adopt an
insectivorous diet similar to that of Arctic grayling (Hagen and Stamford 2017, Northcote
1993). This is apparent in figure 15 and 16 where we can see bull trout at the smaller end
of the size range exhibiting similar 8“N concentrations as adult grayling. This is
supported by Larkin (1956), who reasoned that species may have similar diets but feed
at different sites. Bull trout and grayling likely have reduced interspecific competition
through use of different habitats and also may be separated by differing thermal
preferences similar to what has been noted in other bull trout populations (Heinle et al.
2021). Crock et al. (2003) found that when Arctic grayling move into summer feeding
areas, they exhibit site fidelity, staying within 300 m of their feeding territory. Bull trout
however, are known to undergo extensive migrations from winter feeding areas to cold
spawning habitat (McPhail and Baxter 1996, Mulfeld and Marotz, 2004). Temporal
differences may also be influencing dietary competition, as Arctic grayling and bull trout
life histories are extremely diverse in the system, resulting in times of increased and
decreased co-occupancy of streams. This further supports the idea that bull trout and
Arctic grayling exhibit patterns of sympatric resource partitioning, though there are
almost certainly times of increased competition, such as periods of low resource
availability (Lakse et al. 2018).

6.3.3 Foodweb Level Analysis

Prey fish and Arctic grayling have an area of overlap in terms of dietary items, which has
been noted in the literature as both grayling and prey fish, such as mountain whitefish,
consume aquatic benthic organisms such as invertebrate larvae (Whiteley 2007)(Figure
12). When comparing Arctic grayling and prey fish, grayling appear to incorporate more
terrestrial derived nutrients given their diet on average appears to be less enriched with
013C (Hoeinghaus and Zeug 2008). Our results align with previous studies that highlight
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low level producers such as aquatic invertebrates as lowest in 65N while top predators
such as bull trout exhibit the highest 615N levels (Alvarez and Ward 2019)(Figure 12).

It appears that competition for similar dietary resources is not the strongest driver of
dietary interactions in the Parsnip watershed. Though most taxa overlap in terms of
dietary breadth, core species diets appear significantly different. Differences in habitat
use and stream temperature have been shown to influence bull trout spatial distributions
and thus consequent interactions with prey species similar to Arctic grayling, this would
likely affect the predator prey interactions between the species (Heinle et al. 2021).

6.3.4 Limitations and Future Research

Limitations of the study primarily resulted from lack of sampling reservoir dietary
inputs, like kokanee (Oncorhynchus nerka). Additionally, more sampling of fish at similar
trophic levels to Arctic grayling would allow us to better estimate the influence of
predation on grayling in the watershed and potentially conducted mixed source models
to specify percent contributions to bull trout diet. Future research and analyses will build
on these existing results to strengthen inference in the results of analyses. Combining
stable isotope analysis with telemetry data may also allow us to investigate dietary
preferences by life history and movement rate. More metrics set out by Layman et al.
(2007) could be applied to our isoplots in order to measure other aspects of trophic
relations such as evenness of species breadth and average degree of trophic diversity
within the food webs. These metrics would help identify outliers and can be used to
determine where gaps lie in the data. Future research should also quantify the importance
of different prey sources to bull trout and grayling. These future directions will continue
to address knowledge gaps in order to further understand the trophic interactions
driving population and community structure in the Parsnip watershed.

7. Recommendations
In the fourth and final year of the project (field season of 2021), we will:

e Deploy up to 10 acoustic receivers in key sites where they were lost in 2020. This
will be done as soon as flow decrease to levels that allow for safe working
conditions (<400 m3/sec measured at the Water Survey of Canada hydrometric
station in the lower Parsnip River).

e Deploy 33 acoustic transmitters left over from last year in Arctic grayling and as
sentinel tags for detection efficiency monitoring.

e Download existing temperature data loggers and take down the temperature
monitoring network.
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e Download existing acoustic receivers and take down the acoustic monitoring
network.

e Evaluate project progress with respect to the priority action # 9
(PEA.RLR.S03.RL.09) of the Peace Region Rivers, Lakes, and Reservoirs Action Plan
(FWCP 2020), as well as make suggestions for follow-up monitoring,
enhancement, and/or conservation actions.
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Table 1. Predictor covariates, variance components for the final spatial stream network
models. Predictor covariates, variance components for the final spatial stream network
models. Variance Components comprise the variogram models used for kriging in the
SSNM predictions. awat: Average Weekly Average Temperature; awcoef: Average
Weekly Coefficient of Variation; avImpA: Average Air Temperature; H2OAreaA:
Reach Contributing Area; and RMSPE: Root Mean Square Prediction Error.

Final Model Specification
Year Formula Variance Components RMSPE

2019 awat ~ avTmpA + H20AreaA  Spherical.tailup + Exponential.taildown + Gaussian.Euclid + Nugget 0.467553150

2019 awcoef ~ avTmpA + H20AreaA LinearSill.tailup + LinearSill.taildown + Nugget 0.005138688
2020 awat ~ avTmpA + H20AreaA  Epanech.tailup + Spherical.taildown + Nugget 1.172844456
2020 awcoef ~ avTmpA + H20AreaA Spherical.tailup + LinearSill.taildown + Nugget 0.007984360
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Table 2. Number of samples collected throughout the study by watershed and sample
type. Samples were collected from June to September 2018, 2019 and 2020.

Sample/Stream  Anzac Hominka Missinka  Table Other Total
Muscle 47 14 12 35 16 124
Adipose 30 34 15 35 5 118
Invertebrates 10 8 6 6 0 30
Prey Fish 15 9 4 11 2 41
Terrestrial Veg. 21 18 16 15 0 70
Periphyton 4 5 4 3 0 16
Total 127 88 57 105 23 401
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Figure 2. Location of all temperature loggers and Vemco VR2W acoustic receivers in the
Parsnip River and Pack River Watersheds. Receivers lost in the 2020 spring freshet are
circled in red.
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Figure 3. Box and whisker plots depicting Arctic grayling presence (detected at acoustic
receiver on a day) or absence (not detected at acoustic receiver on a day) in relation to
mean daily temperature recorded at a select number of acoustic receivers with attached
temperature loggers (n=15 in 2018, n=40 in 2019, n=25 in 2020).
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Figure 4. Box and whisker plots depicting bull trout detection temperature (mean daily
temperature at acoustic detection) and water temperature for a select number of acoustic
receivers with attached temperature loggers (n=40 in 2019, n=25 in 2020).
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Figure 5. Observation points used in the 2019 Spatial Stream Network Models (n=57).
The depicted temperature metric is average weekly average temperature (AWAT) during
the trophic feeding window (July 1st - September 15th) for Arctic grayling.
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Figure 6. Observation points used in the 2020 Spatial Stream Network Models (n=51).
The depicted temperature metric is average weekly average temperature (AWAT) during
the trophic feeding window (July 1st - September 15th) for Arctic grayling.
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Figure 7. Spatial Stream Network Model predictions for the response metric average
weekly average temperature (AWAT) in degrees Celsius for the trophic feeding window

(July 1st - September 15th) for Arctic grayling in 2019. Predictions were created at 1km
resolution.
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Figure 8. Spatial Stream Network Model predictions for the response metric average
weekly coefficient of variation (AWCoefVar) in degrees Celsius for the trophic feeding

window (July 1st - September 15th) for Arctic grayling in 2019. Predictions were created
at 1km resolution.
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Figure 9. Spatial Stream Network Model predictions for the response metric average
weekly average temperature (AWAT) in degrees Celsius for the trophic feeding window

(July 1st - September 15th) for Arctic grayling in 2020. Predictions were created at 1km
resolution.
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Figure 10. Spatial Stream Network Model predictions for the response metric average
weekly coefficient of variation (AWCoefVar) in degrees Celsius for the trophic feeding

window (July 1st - September 15th) for Arctic grayling in 2020. Predictions were created
at 1km resolution.

52



|Z| Arctic Grayling E] Bull Trout

15.01

12.57

10.01

8"°N (%o)

7.51

-40 -35 -30 -25

5"°C (%o)

Figure 11. Isotope biplot fitted with 95% ellipses quantifying summer isotopic niche
occupied by both Arctic grayling and bull trout within the Parsnip River watershed.
Isotopic signatures were derived from muscle tissue collected over the 2018, 2019 and

2020 field seasons (bull trout n=41, Arctic grayling n= 85).
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Figure 12. Isotope biplot fitted with 95% ellipses quantifying summer isotopic niche area
occupied Arctic grayling, bull trout, prey fish and aquatic invertebrates within the
Parsnip system. Isotopic signatures were derived from muscle samples or whole
organism (prey fish, invertebrates) collected over the 2018, 2019, and 2020 field seasons

(Arctic grayling n=86, bull trout n= 41, prey fish n=33, invertebrates n=29).
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Figure 13. Box and whisker plot depicting the distribution of 615N values from sampled

Arctic grayling and bull trout in the Parsnip watershed (bull trout n=41; Arctic grayling
n=_86).
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Figure 14. Box and whisker plot depicting the distribution of 613C values from
sampled Arctic grayling and bull trout in the Parsnip watershed (bull trout n=41; Arctic

grayling n=86).
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Figure 15. 6N in muscle tissue as a function of fork length in Arctic grayling. Muscle
samples were collected in the Parsnip watershed during the summers of 2018, 2019 and

2020 (n= 86, y = 6.915x + 290, p=0.22, R? = 0.006).
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Figure 16. 615N in muscle tissue as a function of fork length in bull trout. Muscle
samples were collected in the Parsnip watershed during the summers of 2018, 2019 and

2020 (n= 41, y= 0.0098x + 5.61, p<0.001, R? = 0.58).
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Appendix A. Telemetry Figures.

This appendix accompanies the report Spatial Ecology of Arctic Grayling in the Parsnip

Core Area (FWCP Peace Project No. PEA-F21-F-3178). This document contains the

figures and tables referenced in Section 5.2.1 — Telemetry Results.

Each section is presented with a brief explanation of how to interpret the corresponding

set of figures.

Contents

Appendix A.1 - Individual detection history plots - Arctic grayling
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Appendix A.1 - Individual detection history plots - Arctic grayling

Figures in this section depict the spatial location of individual tags over the duration of
that tag’s active deployment. Tags with limited movement histories have been filtered
out.
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Appendix A.1 - Individual detection history plots - Bull trout

Figures in this section depict the spatial location of individual tags over the duration of
that tag’s active deployment. Tags with limited movement histories have been filtered
out.
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Appendix A.2 - Table of distances moved by individual - Arctic grayling

These tables represent the results of the function getDistances() called in the package
RSP (Niella et al. 2020). Each individual is represented by tag ID. Columns ‘“total
distance moved” and ‘average distance per event’ represent the sum of all movements
by an individual since being tagged with an acoustic transmitter and the average
distance covered in each event, respectively. Each event, referred to in the analysis as a
‘track’, represents movements of fish lasting more than ten minutes but is capped at 24
hours. By default, this package assumes a 500 m detection range for acoustic receivers,
which is preliminary and will be refined in future analyses. Tags with limited
movement histories have been filtered out.

A132



Number of

Average events in

Total distance distance per history

Arctic grayling tag ID moved (m) event (m) (‘tracks')
A69-1602-24283 20,090 1,339 15
A69-1602-24284 1,306 1,306 1
A69-1602-24285 19,405 693 28
A69-1602-24286 51,604 1,779 29
A69-1602-24287 51,808 2,878 18
A69-1602-24289 32,676 1,167 28
A69-1602-24290 24,126 536 45
A69-1602-24288 45,244 6,463 7
A69-1602-24292 51,841 3,240 16
A69-1602-24293 35,536 3,948 9
A69-1602-24294 23,093 1,215 19
A69-1602-24295 3,739 1,870 2
A69-1602-24296 42,758 2,851 15
A69-1602-24298 225,395 10,733 21
A69-1602-24302 67,179 6,107 11
A69-1602-24303 29,276 2,252 13
A69-1602-24307 26,649 4,441 6
A69-1602-24308 35,827 4,478 8
A69-1602-24309 73,853 8,206 9
A69-1602-24304 37,603 1,213 31
A69-1602-24305 9,559 683 14
A69-1602-24310 1,238 54 23
A69-1602-24312 81,300 3,387 24
A69-1602-24313 6,983 1,746 4
A69-1602-24314 66,883 4,180 16
A69-1602-24315 11,159 2,790 4
A69-1602-24316 11,339 810 14
A69-1602-24317 22,741 1,516 15
A69-1602-24311 66,263 2,651 25
A69-1602-24318 11,970 2,394 5

A133



Number of

Average events in

Total distance distance per history

Arctic grayling tag ID moved (m) event (m) (“tracks')
A69-1602-24320 34,570 2,034 17
A69-1602-24321 15,694 3,139 5
A69-1602-24322 54,045 13,511 4
A69-1602-24323 17,067 1,707 10
A69-1602-24324 5,876 5,876 1
A69-1602-24330 88,551 4,025 22
A69-1602-24331 30,890 3,861 8
A69-1602-24325 13,617 1,702 8
A69-1602-24334 6,039 1,208 5
A69-1602-24335 27,457 1,830 15
A69-1602-24337 14,131 404 35
A69-1602-24376 7,154 795 9
A69-1602-24382 7,768 1,110 7
A69-1602-24383 10,128 460 22
A69-1602-24385 10,366 384 27
A69-1602-24361 34,669 1,825 19
A69-1602-24362 76,038 2,236 34
A69-1602-24367 100,465 6,279 16
A69-1602-24368 42,749 7,125 6
A69-1602-24369 107,314 5,110 21
A69-1602-24359 94,065 5,879 16
A69-1602-24371 190,466 23,808 8
A69-1602-24372 195,823 13,055 15
A69-1602-24380 88,031 5,869 15
A69-1602-24342 60,907 3,206 19
A69-1602-24353 116,161 6,833 17
A69-1602-24373 69,460 2,043 34
A69-1602-24357 11,723 2,931 4
A69-1602-24364 21,729 869 25
A69-1602-24365 42,654 6,093 7
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Number of

Average events in

Total distance distance per history

Arctic grayling tag ID moved (m) event (m) ('tracks')
A69-1602-24366 7,738 430 18
A69-1602-24344 511 102 5
A69-1602-24350 5,176 2,588 2
A69-1602-24349 13,700 979 14
A69-1602-19304 653 653 1
A69-1602-19305 25,658 3,665 7
A69-1602-19306 69,022 2,157 32
A69-1602-19307 2,179 198 11
A69-1602-19308 36,186 6,031 6
A69-1602-19311 7,184 718 10
A69-1602-19314 2,694 449 6
A69-1602-19315 33,346 3,705 9
A69-1602-19316 23,165 1,930 12
A69-1602-19319 28,627 3,578 8
A69-1602-19321 20,279 1,560 13
A69-1602-19322 56,057 7,007 8
A69-1602-19324 20,547 893 23
A69-1602-19331 38,293 1,160 33
A69-1602-19309 1,369 62 22
A69-1602-19310 29,888 5,978 5
A69-1602-19317 17,070 2,439 7
A69-1602-19323 27,066 873 31
A69-1602-19327 15,377 961 16
A69-1602-19326 5,994 545 11
A69-1602-19336 84,088 4,004 21
A69-1602-19345 24,137 24,137 1
A69-1602-19361 33,089 2,206 15
A69-1602-19362 47,281 5,253 9
A69-1602-19338 511 102 5
A69-1602-19342 20,276 2,897 7
A69-1602-24345 6,912 3,456 2
A69-1602-19347 11,154 5,577 2
A69-1602-19329 24,583 8,194 3
A69-1602-19354 81,992 40,996 2
A69-1602-19357 39,685 19,842 2
A69-1602-54657 28,764 28,764 1
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Appendix A.2 - Table of distances moved by individual - Bull trout

These tables represent the results of the function getDistances() called in the package
RSP (Niella et al. 2020). Each individual is represented by tag ID. Columns ‘“total
distance moved” and ‘average distance per event’ represent the sum of all movements
by an individual since being tagged with an acoustic transmitter and the average
distance covered in each event, respectively. Each event, referred to in the analysis as a
‘track’, represents movements of fish lasting more than ten minutes but is capped at 24
hours. By default, this package assumes a 500 m detection range for acoustic receivers,
which is being considered preliminary and will be refined in future analyses. Tags with
limited movement histories have been filtered out.
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Average Number of
Total distance distance per events in
Bull trout tag ID moved (m) event (m) history
A69-1602-24300 5,508 5,508 1
A69-1602-24297 159,573 17,730 9
A69-1602-24319 109,388 9,116 12
A69-1602-24326 33,850 677 50
A69-1602-24333 132,193 2,644 50
A69-1602-24377 8,191 455 18
A69-1602-24384 148,806 9,920 15
A69-1602-24374 20,650 4,130 5
A69-1602-24375 24,623 1,368 18
A69-1602-24378 33,864 691 49
A69-1602-24379 6,371 1,593 4
A69-1602-24360 36,053 12,018 3
A69-1602-24370 12,186 677 18
A69-1602-24358 22,992 1,437 16
A69-1602-24354 671 224 3
A69-1602-24356 80,559 40,279 2
A69-1602-24343 73,287 12,215 6
A69-1602-24348 49,432 1,545 32
A69-1602-24351 83,229 83,229 1
A69-1602-19318 86,634 28,878 3
A69-1602-19335 20,899 1,100 19
A69-1602-54646 29,469 29,469 1
A69-1602-54645 62,699 12,540 5
A69-1602-54644 1,504 1,504 1
A69-1602-19325 20,847 4,169 5
A69-1602-19353 36,578 36,578 1
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Appendix A.3 - Individual track histories - Arctic grayling

These plots represent a visualization of the “tracks” calculated in package RSP (Niella et
al 2020). Each plot represents the track history of one individual since being tagged with
an acoustic transmitter. Tracks represent movement events that last longer than 10
minutes but are capped at 24 hours. Plots with a large number of tracks but a small
spatial extent indicate frequently overlapping of tracks. By default, this package
assumes a 500 m detection range for acoustic receivers, which is being considered
preliminary and will be refined in future analyses. Tags with limited movement
histories have been filtered out.
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Grayling tag no. 24366 | Total distance: 7.7 km.
Release date: 2019-07-11 11:57:00 | No. of tracks: 19 | Mean track length: 430 m.

|

55.21-

55.07

Latitude

-121.5

122.0

1230 1225
Longitude

A139



Grayling tag no. 24367 | Total distance: 100.5 km.
Release date: 2019-07-05 16:26:00 | No. of tracks: 17 | Mean track length: 6279 m.
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Grayling tag no. 24368 | Total distance: 42.7 km.
Release date: 2019-07-05 16:28:00 | No. of tracks: 6 | Mean track length: 7125 m.
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Grayling tag no. 24369 | Total distance: 107.3 km.
Release date: 2019-07-05 16:27:00 | No. of tracks: 23 | Mean track length: 5110 m.
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Grayling tag no. 24371 | Total distance: 190.5 km.
Release date: 2019-07-06 15:58:00 | No. of tracks: 9 | Mean track length: 23808 m.
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Grayling tag no. 24372 | Total distance: 195.8 km.
Release date: 2019-07-06 16:01:00 | No. of tracks: 20 | Mean track length: 13055 m.
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Grayling tag no. 24373 | Total distance: 69.5 km.
Release date: 2019-07-07 12:25:00 | No. of tracks: 40 | Mean track length: 2043 m.
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Grayling tag no. 24376 | Total distance: 7.2 km.
Release date: 2018-10-06 16:43:00 | No. of tracks: 11 | Mean track length: 795 m.
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Grayling tag no. 24380 | Total distance: 88 km.
Release date: 2019-07-06 15:54:00 | No. of tracks: 15 | Mean track length: 5869 m.
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Grayling tag no. 24382 | Total distance: 7.8 km.
Release date: 2018-10-06 16:43:00 | No. of tracks: 7 | Mean track length: 1110 m.
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Grayling tag no. 24383 | Total distance: 10.1 km.
Release date: 2018-10-06 16:01:00 | No. of tracks: 25 | Mean track length: 460 m.
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Grayling tag no. 24385 | Total distance: 10.4 km.
Release date: 2018-10-06 15:16:00 | No. of tracks: 30 | Mean track length: 384 m.
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Grayling tag no. 54657 | Total distance: 28.8 km.
Release date: 2020-08-16 23:30:00 | No. of tracks: 1 | Mean track length: 28764 m.
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Grayling tag no. 19305 | Total distance: 25.7 km.
Release date: 2019-07-31 15:30:00 | No. of tracks: 7 | Mean track length: 3665 m.
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Grayling tag no. 19306 | Total distance: 69 km.
Release date: 2019-08-07 16:51:00 | No. of tracks: 33 | Mean track length: 2157 m.

|

55.21-

55.07

Latitude

-121.5

122.0

1230 1225
Longitude

A153



Grayling tag no. 19308 | Total distance: 36.2 km.
Release date: 2019-08-11 11:24:00 | No. of tracks: 7 | Mean track length: 6031 m.
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Grayling tag no. 19309 | Total distance: 1.4 km.

Release date: 2019-08-12 13:32:00 | No. of tracks: 27 | Mean track length: 62 m.
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Grayling tag no. 19310 | Total distance: 29.9 km.
Release date: 2019-08-12 13:30:00 | No. of tracks: 5 | Mean track length: 5978 m.
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Grayling tag no. 19311 | Total distance: 7.2 km.
Release date: 2019-08-11 17:24:00 | No. of tracks: 12 | Mean track length: 718 m.

|

55.21-

55.07

Latitude

-121.5

122.0

1230 1225
Longitude

A157



Grayling tag no. 19314 | Total distance: 2.7 km.
Release date: 2019-08-11 11:24:00 | No. of tracks: 8 | Mean track length: 449 m.
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Grayling tag no. 19315 | Total distance: 33.3 km.
Release date: 2019-08-11 17:24:00 | No. of tracks: 9 | Mean track length: 3705 m.
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Grayling tag no. 19316 | Total distance: 23.2 km.
Release date: 2019-08-11 11:24:00 | No. of tracks: 18 | Mean track length: 1930 m.
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Grayling tag no. 19317 | Total distance: 17.1 km.
Release date: 2019-08-12 13:32:00 | No. of tracks: 8 | Mean track length: 2439 m.
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Grayling tag no. 19319 | Total distance: 28.6 km.
Release date: 2019-08-11 17:24:00 | No. of tracks: 9 | Mean track length: 3578 m.

|

55.21-

55.07

Latitude

-121.5

122.0

1230 1225
Longitude

Al62



Grayling tag no. 19321 | Total distance: 20.3 km.
Release date: 2019-08-11 15:19:00 | No. of tracks: 14 | Mean track length: 1560 m.
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Grayling tag no. 19322 | Total distance: 56.1 km.
Release date: 2019-08-11 11:24:00 | No. of tracks: 10 | Mean track length: 7007 m.
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Grayling tag no. 19323 | Total distance: 27.1 km.
Release date: 2019-08-12 13:31:00 | No. of tracks: 34 | Mean track length: 873 m.
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Grayling tag no. 19324 | Total distance: 20.5 km.
Release date: 2019-08-11 15:24:00 | No. of tracks: 26 | Mean track length: 893 m.
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Grayling tag no. 19326 | Total distance: 6 km.

Release date: 2019-08-17 12:50:00 | No. of tracks: 12 | Mean track length: 545 m.

|

55.21-

55.07

Latitude

-121.5

1230 1225
Longitude

122.0

Al67



Grayling tag no. 19327 | Total distance: 15.4 km.
Release date: 2019-08-12 13:28:00 | No. of tracks: 22 | Mean track length: 961 m.
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Grayling tag no. 19329 | Total distance: 24.6 km.
Release date: 2020-08-02 22:15:00 | No. of tracks: 3 | Mean track length: 8194 m.
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Grayling tag no. 19331 | Total distance: 38.3 km.
Release date: 2019-08-11 15:23:00 | No. of tracks: 40 | Mean track length: 1160 m.
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Grayling tag no. 19336 | Total distance: 84.1 km.
Release date: 2019-08-17 12:50:00 | No. of tracks: 23 | Mean track length: 4004 m.
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Grayling tag no. 19342 | Total distance: 20.3 km.
Release date: 2019-09-03 13:00:00 | No. of tracks: 9 | Mean track length: 2897 m.
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Grayling tag no. 19345 | Total distance: 24.1 km.
Release date: 2019-08-17 12:50:00 | No. of tracks: 1 | Mean track length: 24137 m.
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Grayling tag no. 19347 | Total distance: 11.2 km.
Release date: 2020-08-02 22:15:00 | No. of tracks: 2 | Mean track length: 5577 m.
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Grayling tag no. 19354 | Total distance: 82 km.
Release date: 2020-08-10 01:36:00 | No. of tracks: 2 | Mean track length: 40996 m.
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Grayling tag no. 19357 | Total distance: 39.7 km.
Release date: 2020-08-10 01:37:00 | No. of tracks: 2 | Mean track length: 19842 m.
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Grayling tag no. 19361 | Total distance: 33.1 km.
Release date: 2019-08-17 12:50:00 | No. of tracks: 15 | Mean track length: 2206 m.
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Grayling tag no. 19362 | Total distance: 47.3 km.
Release date: 2019-08-17 12:50:00 | No. of tracks: 9 | Mean track length: 5253 m.
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Grayling tag no. 24283 | Total distance: 20.1 km.
Release date: 2018-07-24 15:11:00 | No. of tracks: 15 | Mean track length: 1339 m.
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Grayling tag no. 24284 | Total distance: 1.3 km.
Release date: 2018-07-24 12:30:00 | No. of tracks: 1 | Mean track length: 1306 m.
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Grayling tag no. 24285 | Total distance: 19.4 km.
Release date: 2018-07-24 13:00:00 | No. of tracks: 30 | Mean track length: 693 m.
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Grayling tag no. 24286 | Total distance: 51.6 km.
Release date: 2018-08-02 18:46:00 | No. of tracks: 35 | Mean track length: 1779 m.
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Grayling tag no. 24287 | Total distance: 51.8 km.
Release date: 2018-08-03 13:00:00 | No. of tracks: 20 | Mean track length: 2878 m.
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Grayling tag no. 24288 | Total distance: 45.2 km.
Release date: 2018-08-14 13:02:00 | No. of tracks: 7 | Mean track length: 6463 m.
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Grayling tag no. 24289 | Total distance: 32.7 km.
Release date: 2018-08-03 12:14:00 | No. of tracks: 34 | Mean track length: 1167 m.
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Grayling tag no. 24290 | Total distance: 24.1 km.
Release date: 2018-08-03 12:38:00 | No. of tracks: 46 | Mean track length: 536 m.
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Grayling tag no. 24292 | Total distance: 51.8 km.
Release date: 2018-08-14 12:14:00 | No. of tracks: 21 | Mean track length: 3240 m.
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Grayling tag no. 24293 | Total distance: 35.5 km.
Release date: 2018-08-14 04:15:00 | No. of tracks: 10 | Mean track length: 3948 m.
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Grayling tag no. 24294 | Total distance: 23.1 km.
Release date: 2018-08-14 15:10:00 | No. of tracks: 24 | Mean track length: 1215 m.
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Grayling tag no. 24295 | Total distance: 3.7 km.
Release date: 2018-08-14 13:02:00 | No. of tracks: 2 | Mean track length: 1870 m.
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Grayling tag no. 24296 | Total distance: 42.8 km.
Release date: 2018-08-14 13:30:00 | No. of tracks: 16 | Mean track length: 2851 m.
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Grayling tag no. 24298 | Total distance: 225.4 km.
Release date: 2018-08-14 04:15:00 | No. of tracks: 22 | Mean track length: 10733 m.
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Grayling tag no. 24302 | Total distance: 67.2 km.
Release date: 2018-08-14 13:02:00 | No. of tracks: 13 | Mean track length: 6107 m.
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Grayling tag no. 24303 | Total distance: 29.3 km.
Release date: 2018-08-14 12:14:00 | No. of tracks: 14 | Mean track length: 2252 m.
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Grayling tag no. 24304 | Total distance: 37.6 km.
Release date: 2018-08-15 13:35:00 | No. of tracks: 38 | Mean track length: 1213 m.
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Grayling tag no. 24305 | Total distance: 9.6 km.
Release date: 2018-08-15 13:35:00 | No. of tracks: 15 | Mean track length: 683 m.
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Grayling tag no. 24307 | Total distance: 26.6 km.
Release date: 2018-08-14 13:58:00 | No. of tracks: 6 | Mean track length: 4441 m.
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Grayling tag no. 24308 | Total distance: 35.8 km.
Release date: 2018-08-14 04:15:00 | No. of tracks: 9 | Mean track length: 4478 m.
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Grayling tag no. 24309 | Total distance: 73.9 km.
Release date: 2018-08-14 15:10:00 | No. of tracks: 14 | Mean track length: 8206 m.
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Grayling tag no. 24310 | Total distance: 1.2 km.
Release date: 2018-08-15 17:00:00 | No. of tracks: 24 | Mean track length: 54 m.
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Grayling tag no. 24311 | Total distance: 66.3 km.
Release date: 2018-08-23 12:52:00 | No. of tracks: 30 | Mean track length: 2651 m.
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Grayling tag no. 24312 | Total distance: 81.3 km.
Release date: 2018-08-15 17:00:00 | No. of tracks: 29 | Mean track length: 3387 m.
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Grayling tag no. 24313 | Total distance: 7 km.
Release date: 2018-08-15 17:00:00 | No. of tracks: 5 | Mean track length: 1746 m.
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Grayling tag no. 24314 | Total distance: 66.9 km.
Release date: 2018-08-15 17:00:00 | No. of tracks: 19 | Mean track length: 4180 m.
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Grayling tag no. 24315 | Total distance: 11.2 km.
Release date: 2018-08-15 17:00:00 | No. of tracks: 5 | Mean track length: 2790 m.

|

55.21-

55.07

Latitude

-121.5

122.0

1230 1225
Longitude

A205



Grayling tag no. 24316 | Total distance: 11.3 km.
Release date: 2018-08-15 13:35:00 | No. of tracks: 15 | Mean track length: 810 m.
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Grayling tag no. 24317 | Total distance: 22.7 km.
Release date: 2018-08-15 13:35:00 | No. of tracks: 20 | Mean track length: 1516 m.
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Grayling tag no. 24318 | Total distance: 12 km.
Release date: 2018-08-23 14:25:00 | No. of tracks: 5 | Mean track length: 2394 m.
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Grayling tag no. 24320 | Total distance: 34.6 km.
Release date: 2018-08-23 14:42:00 | No. of tracks: 17 | Mean track length: 2034 m.
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Grayling tag no. 24321 | Total distance: 15.7 km.
Release date: 2018-08-23 16:38:00 | No. of tracks: 5 | Mean track length: 3139 m.
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Grayling tag no. 24322 | Total distance: 54 km.
Release date: 2018-08-23 13:13:00 | No. of tracks: 4 | Mean track length: 13511 m.
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Grayling tag no. 24323 | Total distance: 17.1 km.
Release date: 2018-08-23 14:07:00 | No. of tracks: 14 | Mean track length: 1707 m.

|

55.21-

55.07

Latitude

-121.5

122.0

1230 1225
Longitude

A212



Grayling tag no. 24324 | Total distance: 5.9 km.
Release date: 2018-08-23 13:35:00 | No. of tracks: 1 | Mean track length: 5876 m.
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Grayling tag no. 24325 | Total distance: 13.6 km.
Release date: 2018-08-29 18:45:00 | No. of tracks: 10 | Mean track length: 1702 m.
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Grayling tag no. 24330 | Total distance: 88.6 km.
Release date: 2018-08-23 17:08:00 | No. of tracks: 28 | Mean track length: 4025 m.
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Grayling tag no. 24331 | Total distance: 30.9 km.
Release date: 2018-08-23 17:08:00 | No. of tracks: 8 | Mean track length: 3861 m.
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Grayling tag no. 24334 | Total distance: 6 km.
Release date: 2018-10-06 14:45:00 | No. of tracks: 5 | Mean track length: 1208 m.
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Grayling tag no. 24335 | Total distance: 27.5 km.
Release date: 2018-10-06 14:13:00 | No. of tracks: 15 | Mean track length: 1830 m.
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Grayling tag no. 24337 | Total distance: 14.1 km.
Release date: 2018-10-06 15:02:00 | No. of tracks: 37 | Mean track length: 404 m.
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Grayling tag no. 24341 | Total distance: 0 km.
Release date: 2019-07-24 15:28:00 | No. of tracks: 4 | Mean track length: 0 m.
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Grayling tag no. 24342 | Total distance: 60.9 km.
Release date: 2019-07-07 14:07:00 | No. of tracks: 21 | Mean track length: 3206 m.
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Grayling tag no. 24344 | Total distance: 0.5 km.
Release date: 2019-07-18 19:02:00 | No. of tracks: 9 | Mean track length: 102 m.
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Grayling tag no. 24345 | Total distance: 6.9 km.
Release date: 2019-07-12 13:53:00 | No. of tracks: 2 | Mean track length: 3456 m.
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Grayling tag no. 24347 | Total distance: 0 km.
Release date: 2020-07-30 21:31:00 | No. of tracks: 2 | Mean track length: 0 m.
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Grayling tag no. 24349 | Total distance: 13.7 km.
Release date: 2019-07-24 15:30:00 | No. of tracks: 17 | Mean track length: 979 m.
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Grayling tag no. 24350 | Total distance: 5.2 km.
Release date: 2019-07-18 16:07:00 | No. of tracks: 2 | Mean track length: 2588 m.
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Grayling tag no. 24353 | Total distance: 116.2 km.
Release date: 2019-07-07 18:21:00 | No. of tracks: 17 | Mean track length: 6833 m.
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Grayling tag no. 24357 | Total distance: 11.7 km.
Release date: 2019-07-09 14:13:00 | No. of tracks: 4 | Mean track length: 2931 m.
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Grayling tag no. 24359 | Total distance: 94.1 km.
Release date: 2019-07-06 16:01:00 | No. of tracks: 16 | Mean track length: 5879 m.
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Grayling tag no. 24361 | Total distance: 34.7 km.
Release date: 2019-07-05 17:58:00 | No. of tracks: 20 | Mean track length: 1825 m.
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Grayling tag no. 24362 | Total distance: 76 km.
Release date: 2019-07-05 17:58:00 | No. of tracks: 38 | Mean track length: 2236 m.
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Grayling tag no. 24364 | Total distance: 21.7 km.
Release date: 2019-07-11 15:48:00 | No. of tracks: 32 | Mean track length: 869 m.
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Grayling tag no. 24365 | Total distance: 42.7 km.
Release date: 2019-07-11 15:48:00 | No. of tracks: 9 | Mean track length: 6093 m.
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Appendix A.3 - Individual track histories - Bull trout

These plots represent a visualization of the “tracks” calculated in package RSP (Niella et
al 2020). Each plot represents the track history of one individual since being tagged with
an acoustic transmitter. Tracks represent movement events that last longer than 10
minutes but are capped at 24 hours. Plots with a large number of tracks but a small
spatial extent indicate frequently overlapping of tracks. By default, this package
assumes a 500 m detection range for acoustic receivers, which is being considered
preliminary and will be refined in future analyses. Tags with limited movement
histories have been filtered out.
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Bull trout tag no. 19318 | Total distance: 86.6 km.
Release date: 2019-08-11 15:21:00 | No. of tracks: 5 | Mean track length: 28878 m.
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Bull trout tag no. 19325 | Total distance: 20.8 km.
Release date: 2020-07-10 20:21:00 | No. of tracks: 5 | Mean track length: 4169 m.
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Bull trout tag no. 19335 | Total distance: 20.9 km.

Release date: 2019-08-17 12:00:00 | No. of tracks: 19 | Mean track length: 1100 m.
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Bull trout tag no. 19353 | Total distance: 36.6 km.
Release date: 2020-08-08 20:54:00 | No. of tracks: 2 | Mean track length: 36578 m.
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Bull trout tag no. 24297 | Total distance: 159.6 km.
Release date: 2018-08-23 12:45:00 | No. of tracks: 9 | Mean track length: 17730 m.
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Bull trout tag no. 24300 | Total distance: 5.5 km.
Release date: 2018-08-15 17:00:00 | No. of tracks: 1 | Mean track length: 5508 m.
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Bull trout tag no. 24319 | Total distance: 109.4 km.
Release date: 2018-08-23 16:10:00 | No. of tracks: 14 | Mean track length: 9116 m.
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Bull trout tag no. 24326 | Total distance: 33.9 km.
Release date: 2018-08-29 16:02:00 | No. of tracks: 52 | Mean track length: 677 m.
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Bull trout tag no. 24333 | Total distance: 132.2 km.
Release date: 2018-10-06 14:27:00 | No. of tracks: 56 | Mean track length: 2644 m.
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Bull trout tag no. 24343 | Total distance: 73.3 km.
Release date: 2019-07-12 12:04:00 | No. of tracks: 9 | Mean track length: 12215 m.
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Bull trout tag no. 24348 | Total distance: 49.4 km.
Release date: 2019-07-18 15:40:00 | No. of tracks: 35 | Mean track length: 1545 m.
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Bull trout tag no. 24351 | Total distance: 83.2 km.
Release date: 2019-07-18 19:44:00 | No. of tracks: 1 | Mean track length: 83229 m.
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Bull trout tag no. 24356 | Total distance: 80.6 km.
Release date: 2019-07-09 14:25:00 | No. of tracks: 2 | Mean track length: 40279 m.
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Bull trout tag no. 24358 | Total distance: 23 km.
Release date: 2019-07-07 12:19:00 | No. of tracks: 16 | Mean track length: 1437 m.
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Bull trout tag no. 24360 | Total distance: 36.1 km.
Release date: 2019-07-05 16:34:00 | No. of tracks: 3 | Mean track length: 12018 m.
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Bull trout tag no. 24370 | Total distance: 12.2 km.
Release date: 2019-07-05 18:02:00 | No. of tracks: 20 | Mean track length: 677 m.
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Bull trout tag no. 24374 | Total distance: 20.7 km.
Release date: 2019-06-23 13:22:00 | No. of tracks: 6 | Mean track length: 4130 m.
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Bull trout tag no. 24375 | Total distance: 24.6 km.
Release date: 2019-06-23 15:59:00 | No. of tracks: 19 | Mean track length: 1368 m.
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Bull trout tag no. 24377 | Total distance: 8.2 km.
Release date: 2018-10-06 16:43:00 | No. of tracks: 19 | Mean track length: 455 m.
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Bull trout tag no. 24378 | Total distance: 33.9 km.
Release date: 2019-06-23 16:04:00 | No. of tracks: 49 | Mean track length: 691 m.
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Bull trout tag no. 24379 | Total distance: 6.4 km.
Release date: 2019-06-23 17:45:00 | No. of tracks: 4 | Mean track length: 1593 m.
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Bull trout tag no. 24384 | Total distance: 148.8 km.
Release date: 2018-10-06 15:33:00 | No. of tracks: 15 | Mean track length: 9920 m.
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Bull trout tag no. 54644 | Total distance: 1.5 km.
Release date: 2020-08-08 00:10:00 | No. of tracks: 2 | Mean track length: 1504 m.
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Bull trout tag no. 54645 | Total distance: 62.7 km.
Release date: 2020-08-08 00:10:00 | No. of tracks: 5 | Mean track length: 12540 m.
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Bull trout tag no. 54646 | Total distance: 29.5 km.
Release date: 2020-08-08 00:09:00 | No. of tracks: 1 | Mean track length: 29469 m.
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Appendix A.4 - Species overlap by month

These plots were generated by dynamic Brownian Bridge Movement Models in the
package RSP (Niella et al. 2020). January - August 2020 have been plotted. September
was omitted as it was the month most of the equipment downloads occurred and
would represent a partial dataset.
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Appendix A.5 - Arrival time plot

These plots were generated by the package actel and uses the same dataset as the RSP
analyses. Colours represent species and the height of the bar indicates the number of
tags arriving in that river at that time. Peaks and valleys in the data can be seen offset
with the Parsnip River and the tributaries, representing seasonal movements from the
Parsnip mainstem into the tributaries. The plot for the Anzac River is active year-round,
consistent with the findings from the overlap plots that the lowest reaches of the Anzac
River are used as winter habitat.
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Appendix A.6 - Arctic grayling arrival times by sex

These plots were generated for mid- and upper-tributary receivers as part of an
exploratory analysis investigating sexual differences in Arctic grayling arrival times to
the spawning grounds, characteristic of early-arriving males in Williston watershed
Arctic grayling populations (Lashmar and Ptolemy 2002). Each plot represents a
receiver site (receiver codes anzr - Anzac River, homr - Hominka River, misr -
Missinka River, tblr - Table River; ## - Approximate river km of the receiver site, v -
waypoint code indicating a receiver site). Information represented along the x-axis is
informative only; it is not meant to represent a time axis as the overlap plots are
generated by converting time series to radians. Coefficient of overlap and plot graphics
are generated from package overlap (Ridout and Linkie 2009)
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