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Executive Summary

Kootenay White Sturgeon (Acipenser transmontanus) are federally listed as endangered in
both the US and Canadian portions of their range (USFWS 1999; SARA, DFO 2014) and
Provincially S1 Red listed (CDC 2018). For over 30 years the population has been intensively
monitored and is understood to be comprised of an aging wild adult population and the
immature fish are almost exclusively comprised of hatchery origin fish. To monitor the hatchery
program and the remnant wild population, annual Kootenay White Sturgeon sampling in British
Columbia (BC) includes a gill netting program targeting juveniles in the summer (July-
September). Adults and larger juveniles are targeted with set lining and angling sampling in the
fall (September-October) and on an as needed basis in the spring months (April/May). This
report summarizes these annual efforts from 2020 through to 2023 in the BC portion of
Kootenay River and Kootenay Lake.

During 2020-2023, sampling occurred in both lake and river habitat, as seen in the past the
lake sampling had the highest catch rates and the larger White Sturgeon (both wild and
hatchery). Overall there were 1958 sturgeon captures and 88% of those were hatchery origin
individuals. Ages of hatchery origin fish ranged from 2 to 31 years old at capture and all
released brood years were represented. No sexually mature hatchery fish were caught, nor
have been caught in BC to date. A Von Bertalanffy model identified a biphasic growth pattern
for hatchery fish in both the lake and river, increasing growth at age 15. Compared to the lake,
fish in the river had slower growth rates and lower asymptotes, suggesting river fish may not
reach the size of sexual maturity with current growth rates.

The recapture trends with wild fish were relatively stable, with highest recapture rates in the
last two years, aligning with population modelling suggesting a slow decline in the wild adult
population with very little new recruitment (Hardy et al. 2020).

The acoustic telemetry work completed during this study period in BC included deploying 46
sonic tags (thirteen V13 tags and twenty-two V16 tags; 10 of which have temperature sensors
and were deployed in the West Arm). A summary of the deployed tags is provided along with
an explanation of the rationale; telemetry movement analyses are not part of this report.

Gill netting and set lining protocols for 2020 and 2021 followed the index site approach used
since 2003, and a general random tessellation stratified (GRTS) sampling design was
implemented for the first time in 2022. The shift to include GRTS was made to improve
randomization of sampling in all habitats and increase lake sampling as the lake has been
under-represented at the population scale (Golder Associates 2022, Stephenson et al 2020).

In addition to the shift to GRTS sampling, this report summarizes the history and evolution of
sampling and handling protocols. Gill net sampling has been the primary juvenile sampling
method since 1998. The sampling and handling protocols in this report include photo
references.
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1 Introduction

White Sturgeon (Acipenser transmontanus) occur along the Pacific coast of North
America from central California to the Aleutian Islands. In south-eastern British
Columbia, the range of this species extends into Kootenay Lake and the Kootenay River
(spelled Kootenai in the U.S.), located within the upper Columbia River basin. The
Kootenay population is genetically distinct from other Columbia River sturgeon (Anders
et al. 2000), having been isolated by Bonnington Falls since the last glaciation
(Northcote 1973). The range of this population is now further restricted by several dams,
which have also altered river and lake environments. The Kootenay population is
presently distributed from Kootenai Falls, Montana, downstream through Kootenay Lake
to Corra Linn Dam (just upstream of Bonnington Falls) on the lower West Arm of
Kootenay Lake and up Duncan River to the Duncan Dam at the north end of Kootenay
Lake, British Columbia (Figure 1). The population is listed as endangered in the U.S.
under the Endangered Species Act (USFWS 1999) and in Canada under the Species at
Risk Act (SARA; DFO 2014).
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The Kootenay River White Sturgeon population began to experience recruitment failure
during the 1950’s to mid-1960’s, from diking along the Kootenay River and over
harvesting (Partridge 1983, Paragamian et al. 2005). Libby Dam, located on the
Kootenai River system upstream of Kootenai Falls in Montana, began operations in
1972 and the associated shift in the hydrograph and temperature profile during the
spring flows is linked to recruitment failure (USFWS 1999). Concern for Kootenay River
White Sturgeon initiated the detailed studies in both Idaho and British Columbia of the
remnant wild population and the monitoring and evaluation of the sturgeon aquaculture
program. Co-operative investigations by the ldaho Department of Fish and Game
(IDFG), the Kootenai Tribe of Idaho (KTOI), Montana Fish Wildlife and Parks, and the
B.C. Government, now the Ministry of Water, Lands and Resource Stewardship
(WLRS), began in 1994 with funding from the Bonneville Power Administration
(Columbia Basin Fish and Wildlife Authority).

The Kootenay White Sturgeon aquaculture program was first developed as an
experimental program in 1988, with the first US hatchery releases occurring in 1992 and
first Canadian releases occurring in 2000 (Ireland et al. 2002, KTOI 2023). There are
two facilities, owned and operated by KTOI, that rear Kootenay White Sturgeon from
wild brood stock. The primary facility is the Twin Rivers Kootenai White Sturgeon and
Burbot Hatchery and the backup facility is the original Kootenai Tribal Sturgeon
Hatchery; both hatcheries are located in Bonners Ferry, Idaho. From 2000 until 2015,
Kootenay White Sturgeon were also reared at the Kootenay Trout Hatchery & Visitor
Centre located in Fort Steele, British Columbia, and operated by the Freshwater Fishery
Society of British Columbia (this hatchery production was replaced with the new Twin
Rivers facility in 2015).

Production objectives and methods have changed over time and annual release
numbers of juveniles have varied from ~100 in the early 1990s to over 30,000 very
small individuals from 2004-2006 brood years and 10,000 between 2012 and 2018
(Figure 2). In 2019, annual release targets were decreased to less than 10,000 juveniles
due to concerns over density dependence and this target has been maintained through
to 2023 (Sturgeon APR meeting summary, 2019). Most individuals were released in the
river. As of 2022, 327,001 hatchery reared juvenile Kootenay White Sturgeon were
released throughout US and Canada into the Kootenay River and Kootenay Lake (KTOI
2023). In addition to juvenile releases, experimental egg releases occurred in 2005,
2006 and 2022 and experimental larval releases occurred in 2000-2002, 2008-2012 as
well as 2022. Presently, there are no markers (genetic or physical) to identify wild
versus hatchery on unmarked fish and no survival of the experimental egg and larval
releases has been documented (KTOI 2023). The most recent abundance estimates for
the hatchery fish in the entire Kootenay system was between 14,000 and 16,000
hatchery origin Kootenay White Sturgeon at large in the Kootenay River and Lake
(Hardy et al. 2020, Dinsmore et al. 2015).
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Figure 2. Juvenile hatchery releases separated by brood year and habitat or release,
for the entire Kootenay system, Montana to BC. The number of sturgeon released
include individuals from all hatcheries contributing to the Kootenay White Sturgeon
population. Juveniles less than 30 g did not receive a PIT tag on release (yellow in
figure; KTOI 2012). Early life stage releases not plotted.

To investigate natural recruitment, survival, growth, and habitat use of juvenile White
Sturgeon, ten different gear types including gill nets were used experimentally in 1994.
This sampling was started by IDFG in the US portion of the Kootenay River and was
later joined by the Kootenai Tribe of Idaho (Paragamian et al. 1999). Recommendations
from these sampling efforts were to move forward with gill netting as the primary
sampling method and to create a standardized sampling regimen based on season,
location and effort. The first Canadian sampling efforts occurred in 1998 (Vandenbos
and Spence 2001). In 1998 and 1999 gill netting was one of five experimental non-lethal
sampling techniques employed in the mainstem Kootenay River and off channel
Canadian habitats (angling, minnow trapping, electrofishing and cod trapping being the
other four). Of these efforts, gill netting proved to be the most effective based on capture
numbers and has been the primary annual sampling method in BC since 1998. Since
1998, gill netting in BC has occurred on the Kootenay River between the Canada — U.S.
border and the Creston Delta at the south end of Kootenay Lake.

Gill net sites and sampling methods were jointly standardized in BC and Idaho in 2003
(net size and index sites) and the index sites were used until 2021. A sampling review
was completed in BC in 2022 that recommended implementing a general random-
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tessellation stratified (GRTS) sampling design to increase randomization of site
selection and increase the lake sites sampled (Golder 2022). This report will provide a
detailed methodology section summarizing historical and current: fish processing, gill
netting site selection, gill netting equipment and gill netting protocols used in the
Canadian juvenile White Sturgeon gill netting program between 1998 and 2021 as well
as summarize the newest GRTS methodology for gill netting and set lining.

Adults and larger juveniles are targeted via set-lining and angling. Setlines and angling
are used in the US and involve efforts from KTOI, MFWP and IDFG (Hardy et al. 2020,
Sylvester et al. 2024) as with the gill net sampling IDFG leads the population monitoring
sampling in ldaho. Like gill netting, starting in 2022, set lining protocols shifted to a
GRTS sampling design. Prior to 2022, set lining was mainly conducted at the Creston
Delta and in the Kootenay River, the GRTS sampling design expanded the sampling
area and increased the number of sets. Capture data from these efforts are included in
the hatchery population estimates and inform the wild adult population monitoring. The
most recent estimate of the wild adult population was 1744 individuals (Hardy et al.
2020), up from previous estimate of 990 individuals (Beamesderfer et al. 2014).

In addition to mark recapture, every year up to six pre-spawning wild females are sonic
tagged in BC to contribute to the monitoring of spawn movements. Previous work in the
Kootenay identified females for telemetry spawn studies as their movements are more
predictable linked to spawn activities (Paragamian and Kruse 2001). Every year, the
target is to tag pre-spawning females to maintain an annual total of 100 individuals with
active sonic tags. With a spawn periodicity of approximately 4 years, this means
approximately 25-30 of the acoustic tagged females will spawn in a given year.
Telemetry data are used to track shifts in spawn migrations and spawn habitat use,
relative to Libby Dam operations, Kootenay River habitat projects in the spawning reach
and sturgeon population structure changes with aging hatchery origin fish (KTOI 2013;
Ross et al. 2018, Hardy et al. 2020).

In addition to spawn movement studies, passive acoustic telemetry technology
continues to be an important tool within the Kootenay White Sturgeon evaluations for
evaluating juvenile movement and habitat use (Golder 2022, Stephenson et al. 2020). In
this report we summarize the sonic tags that were deployed to better understand
movement of juveniles in Kootenay Lake, River and the West Arm of Kootenay Lake.
Movement data are not analysed in this report.
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Specific goals of the monitoring program within the Canadian reach, completed in 2020
through to 2023 were:

describe population trends related to age, body condition, size, and distribution of
hatchery White Sturgeon;

compare lake and river sampling within BC;

identify recapture events of recent hatchery releases in the lake;

summarize capture of wild adults;

index natural recruitment events in the Kootenay system through any wild
juveniles caught; and,

summary of sonic tags deployed.

describe specific gill net protocols prior to 2022 and highlight changes made with
the implementation of GRTS sampling design.

13



1.1 Study area overview

The Canadian portion of the Kootenay White Sturgeon range is in south-eastern British
Columbia, immediately north of the State of Idaho (Figure 1). The range in BC includes
approximately 50 river kilometers (kilometers as measured tracing the thalweg; RKMs)
of Kootenay River from the Canada/ U.S. border, downstream to Kootenay Lake.
Excluding the West Arm outflow, Kootenay Lake has an area of 389 km?, or
approximately 105 linear RKMs (Daley et al. 1981). The two main inputs to Kootenay
Lake are the Kootenay River which enters Kootenay Lake at its southern tip (RKM 122)
at the Creston Delta and the Duncan River which enters from the north (RKM 18),
where the town of Lardeau gives the name of “Lardeau Delta.” The outlet of Kootenay
Lake is called the West Arm and flows from the lake’s mid-point at the town of Balfour
(at RKM 76). The West Arm flows in a westerly direction before encountering the Corra
Linn dam and continues to flow over a series of dams until it empties into the Columbia
River. The Duncan Dam, Corra Linn Dam and Kootenai Falls currently restrict
distribution of White Sturgeon in the Kootenay system.

Innovasea telemetry receivers are deployed throughout Kootenay Lake and River; each
site currently has two receivers (one VR2W in 81kHz and one VR2Tx at 69kHz;
Appendix Figure 1). Each site will maintain two receivers for 10 years until 2031 at
which point only 69kHz receivers will be needed in system (due to discontinuation of the
81kHz by the manufacturer).

2 Method

2.1 Sampling methods

As in previous years, 2020 and 2021 sampling on the lake was focused to three sites
(Appendix Figure 1); two sites on the Creston Delta where the Kootenay River enters
Kootenay Lake and one site, established in 2012, at the north end of Kootenay Lake on
the Lardeau Delta. RKM 16 up to 122 are in lake habitat, RKM 122 is classified as the
lake-river transition site and starting at RKM 123 is in river habitat.

Gill netting and set line sampling during 2022 and 2023, was modified to include an
increased number of sample sites throughout the lake and river utilizing a new GRTS
sampling design which uses different site names (no longer employing RKM numbers).
In addition to GRTS sampling in 2022 and 2023, there were a small number of sets at
historic index sites or exploratory sites, to compare to GRTS site catch. Note that river
kilometers in this system are referenced from physical maps used since the start of the
program in the 1990s.

Three gear types currently used in the BC portion of the Kootenay system to sample
White Sturgeon include: gill nets, setlines, and angling. All sampling is conducted from a
22ft North River welded aluminium boat. The following key parameters are collected for
all three gear types:

14



e Set depth (to the nearest 0.1 m; the minimum, maximum as well as the average
depth which is estimated for nets and set lines)

e Surface water temperature (to the nearest 0.1°C)

e Coordinates (UTMs)

e Mesh size: (gill net)

e Hook size (set line and angling)

e Number of hooks (set line)

e Number of rods (angling)

e Bait type (for angling and set lines)

e Buoy label (Appendix 2: 60)

2.2 Gill netting

2.2.1 Net description

Gill nets are constructed with three different stretch mesh sizes: 5.1 cm (27), 10.2 cm
(4”) and 15.2 cm (6”). All gill nets are single mesh size nets and are 46 m long and 1.8
m deep: historical gill net construction specifications utilized between 1998 and 2023
are found in Appendix Table 1. All nets are set directly on the lake/river bottom anchored
by weights at each end (weighing between 4 — 9 kg; Appendix 2: Photo 45). Set areas
were occasionally limited by bottom conditions therefore nets were not set in areas with
high concentrations of woody debris because of potential problems with lost or
damaged gear.

2.2.2 Gill net setting

Prior to transitioning to GRTS in 2022, each sample location was set with two rounds of
four nets: two 2”7, one 4” and one 6” at one site location in one day with a target of
fishing each net for 1 hour with a maximum soak time of 2 hours (Appendix Table 2).
Twice as many 2” nets were set to maximize catch of the smaller/youngest age classes,
minimizing the time lag between hatchery release and recaptures and time to detect
success from a wild spawn event. Sites have generally been set between mid-July to
mid-August and sometimes expanded to June through mid-September (Appendix Table
2). Gill netting occurs in summer months as that is when juvenile fish are most active,
and data suggests this is when they use shallower habitat (RL&L Environmental
Services Ltd. 2000; Stephenson et al. 2020). Net set depths are targeted shallower than
35 m to reduce decompression trauma impacts to fish.
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2.2.3 Summary of historical gill net site selection protocol (1998-2021)

Site selection history

The purpose of the annual long-term gill netting program on the Kootenay system has
been to index natural recruitment and evaluate the survival, growth and distribution of
hatchery released fish. In 1998 specific habitat features were also recorded for each net
set including: inside bend, outside bend, thalweg, slough, wood debris, aquatic
vegetation and substrate of cobble or boulder. Starting in 2002 specific habitat data
were not collected for each net but rather the entire sampling area was divided into
segments based on their predominant habitat feature and were assigned an RKM value
(Neufeld and Spence 2004a and b). From these segments, 17 were chosen as
sampling site locations: 9 index sites and 8 secondary sites (Appendix Table 3). These
index sites were selected based on the 1998-2001 sampling results; they were sites
with the highest capture efficiency which were fishable during high flow events. Index
sites were identified as having a high capture rate to provide a powerful estimation of
survival (especially given low population densities in the early years). It was known that
sampling only the most productive habitat would likely not provide representative data
on habitat use, growth and survival and may skew population estimates therefore
secondary sampling locations were also identified to represent marginal habitat,
including areas of suitable habitat which were only fishable during low flows and
backchannel habitat locations. Index and secondary sites generally remained the same
between 2002 and 2021 with slight modifications; they were given names representative
of the approximate river kilometer.

Site and net set data

Between 2002-2012 the goal was to set approximately 24 net hours of sampling at
index sites and approximately 12 net hours of sampling in secondary sampling
locations, which equated to sampling index sites twice and secondary sites once per
year (e.g., Neufeld and Spence 2002, Neufeld and Spence 2004a and b, Stephenson et
al. 2012). From 2013 to 2021 protocols no longer required a maximum number of net
hours to be completed and instead focused on requiring secondary sites to be sampled
once per year, lake index sites two to three times per year and river index sites twice
per year (Stephenson and Neufeld 2012/13, Stephenson et al. 2014/16/20, Stephenson
and Evans 2016/18/20). The order in which site locations were sampled was selected
largely at random, minus some logistical constraints. Net sets catch per unit of effort
(CPUE) has been connected to the warmest water temperatures, so effort was made to
randomize site visits at the lake, but to ensure some sampling was during periods when
temperatures are peaking.

Specific UTMs for net set were recorded between 1998-2001 while most net sets
between 2002 and 2021 were associated with a UTM assigned to the RKM site name.
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Appendix Table 4 provides a summary of equipment used to record UTMs, depth and
temperature between 1998 and 2023 while Appendix Table 2 summarizes these data
annually. River nets were set within approximately 500 m upstream or downstream of
the UTM associated with the site name while lake sets were set within an approximate
1.5 km radius of the UTM associated with the site name. Specific UTMs began to be
collected sporadically for lake sets in 2018 and 2019 and were collected for all net sets
in 2020 onward. Historically, exploratory net sets occurred in various off-channel
habitats but were discontinued due to a lack of catch; locations included the east
channel (2001-2003), Corn Creek (2001) and French’s slough (2002 — 2003). More
recent exploratory net sets occurred in the West Arm of Kootenay Lake up to 21.5 km
downstream of the confluence of Kootenay Lake (2019-2021); due to a high net
entanglement rate and low catch, recommendations were made to discontinue gill
netting in the West Arm and were not included in the new GRTS sampling design.

2.3 Angling and set lining

2.3.1 Setlining and angling equipment and methods 2020-2023.

Set lines have been a primary sampling method in the Kootenays since intensive
sampling began over 30 years ago (Apperson and Anders 1990). Up until 2016, the
catch was primarily the ageing wild adult population, but as hatchery fish grew
(especially in the lake), set lines became an important tool for both hatchery and wild
population monitoring (Stephenson and Evans 2018). Prior to 2020, set locations in BC
were limited primarily to the Creston Delta up to RKM 130, opportunistically set in
known holding areas (e.g. Stephenson et al. 2020, Hardy et al. 2020). During 2020 and
2021 exploratory set lines were also set in Crawford Bay, Pilot Point Bay and the West
Arm which contributed to creating the new GRTS sampling protocol utilized in 2022 and
2023. Prior to 2020, the West Arm was last sampled in the 1990s (RL&L 1998)

Set lines have ranged in the length and number of hooks, but primarily eight hook lines
with 12/0 to 16/0 hook sizes. In recent years, including 2020 to 2023, set lines consisted
of a 40 foot line with eight barbless circle hooks, primarily only size 16/0 (Appendix
Photo 47). In 2020, three hook sized were used equally, 12/0, 14/0 and 16/0, to
compare the effectiveness and catch size differences.

Angling was used opportunistically when set lines cannot be used (underwater debris or
smaller sampling area). Angling on the Lardeau and Creston Deltas are sampled
annually and are considered index sites while all other locations are considered
exploratory. Angling equipment includes an overhead fishing reel with drag such as the
Shimano TLD 20 and a 2.2 m overhead style rod with 150 Ib test multiflament braided
line and size 4/0 and 6/0 barbless circle and J hooks with 8-10 oz triangle weights
(Appendix Photo 47). During this study period, hooks were baited with Kokanee
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spawner carcasses, sourced from Whatshan Lake and the West Arm of Kootenay Lake.
Kokanee was not tested for Infectious Hematopoietic Necrosis (IHN) as it was already
present in the system.

2.4 GRTS site selection protocol for gill nets and set lines (2022-2023).

A modified GRTS sampling design commenced in 2022 in Idaho and BC as per
recommendations from a 2022 sampling design assessment (Golder Associates Ltd.
2022). This report only summarizes work in BC. This assessment provided five years
worth of GRTS sampling locations for gill netting and set lining: see figures in
Appendices, starting at Appendix Figure 2, for 2022-2026 sampling locations (Stevens
and Olsen 2004, Golder Associates Ltd. 2022). Each UTM point identifies the location to
set one set line or two gill nets of different gill net mesh sizes (mesh sizes are randomly
allocated out of three mesh sizes: 2”, 4” and 6” in the same ratio as previous years).
Sampling locations were generated using the package spsurvey (Kincaid 2007),
developed for the statistical program R (R version 4.0.4; R Core Team 2021). The
number of locations sampled per year was based on a specific amount of effort per
habitat type as discussed with Kootenay co-managers and assigned by BC Ministry
Biologists based on professional judgement and logistics.

Habitat types were assigned to represent the overall system and create a subset of
areas with higher and lower effort to allow for the sampling of the whole system without
having to expend the same level of effort across all habitats. Kootenay Lake and River
were divided into biologically and logistically relevant sampling habitats. Kootenay Lake
was divided into six habitats: Creston Delta, Lardeau Delta, Crawford Delta, Upper West
Arm and Lower West Arm and the main lake. Polygons within each of these areas were
identified and included habitat with depths less than 35 m along the shoreline of the lake
using a Canadian Hydrographic Service Chart 3050, Sheets 5-14; manually digitized
1980 bathymetry map of Kootenay Lake with a scale of 1:75,000 and iBoating 2021
navigation charts for the river. The BC portion of the Kootenay River was divided into
five habitat types: bend deep, bend shallow, straight deep, straight shallow and a
transition habitat between Kootenay Lake and River. River bends and straight runs were
defined using the angle of the thalweg — where the thalweg angle was less than 90° was
categorized as a bend, while an angle more than 90° was categorized as a straight run.
All river sections deeper than 20 m were labelled as deep. To avoid barotrauma stress,
lake sampling was set to areas of the lake <35 m deep.

The four parameters used to guide protocol creation based on logistics and professional
judgment of known fish distribution included:

1) Retaining the ratio of the number of gill net mesh sizes set (2x2”, 1x4” and
1x6”)
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2) ldentifying the total annual effort (78 sets for gill netting and 53 sets for set
lining, where each gill net effort represents deployments of two nets of
different mesh size in the same location);

3) Allocating the relative effort in Kootenay lake and the Canadian portion of
Kootenay River (59% lake and 41% river for gill netting and 78% lake and
22% river for set lining);

4) Allocating the number of efforts to each habitat type (Appendix Table 5).

2.5 Fish Processing.

All captured White Sturgeon were brought into the boat for sampling and processed
according to techniques developed to minimize handling-stress on individuals (Appendix
1). All data is recorded directly into a custom Microsoft Access database used by all co-
managers sampling on the Kootenay system.

Five standard parameters recorded for every sturgeon brought on board include: length
(fork and total length recorded to the nearest 0.1 cm; Appendix Photo 2. ), weight
(recorded to the nearest 0.01-0.2 kg depending on size of fish and scale used; Appendix
Photo 6), bioassessment including body deformities and damage (starting at Appendix
Photo 12 in the appendices; common deformities are the pectoral fins as seen in Photo
20 and 22), lateral scute markings and presence or absence of a passive integrated
transponder (PIT) tag. Additionally processing may include fin ray removal and
surgeries, which are outlined below.

2.5.1 Scute markings

Lateral scute removal patterns are recorded upon capture. Hatchery fish have lateral
scutes removed from the left (L) and/or right (R) side of their body, in a pattern that
indicates their origins (year class and rearing facility) when counted from the head to the
tail (Appendix Photo 31). Between 1990 and 2023, there are 29 brood years available
for capture as four years occurred without a hatchery release (Figure 2). The Kootenay
Sturgeon Microsoft Access database stores the full list of year classes and associated
scute patterns. Upon encountering a new unmarked fish, it is assumed to be wild fish,
staff remove the second lateral scute on the left side of the body (L2), with a sterile
number 10 scalpel or paring knife (Appendix Photo 32).

2.5.2 PIT Tagqging and passive tagging history.

On the Kootenay system the current passive tag used on White Sturgeon is a full duplex
(FDX), 134.2 kHz, PIT tag compliant with Industry Organization for Standards (ISO).
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Historically, there were two types of passive tags that have been used during this
program: T-bar (anchor, spaghetti or Floy) tags and PIT tags (Appendix Photo 10). T-bar
tags are small plastic tags that are anchored into the flesh and has an external portion
with a unique number. T-bar tags were first used in 1977, and PIT tags were first used in
1976 and were used exclusively after 2005 to present (2023). The PIT tags used are 10
mm in length and contain a microchip with a unique radio frequency identification
number, which is encased in a glass capsule coated with Parylene C to prevent
irritation. PIT tags are inserted just below the skin’s surface with a 10-12 mm gauge
syringe at an angle of approximately 20° pointing towards the posterior (Appendix Photo
9). Two formats of FDX PIT tags have been used since the inception of the program;
FDX-A tags (125 kHz) were used between 1976 and 2007, then switching to the ISO
compliant FDX-B tags (134.2 kHz). AVID’s Power Tracker VIII PIT scanner is usually
able to detect both tag formats although AVID’s Power Tracker Il is on board to detect
FDX-A tags if not picked up by the VIII. PIT tag numbers are fed directly to the field
computer/database once read by a Power Tracker via an RS-232 cable and emulation
software (AVID’s wedge software). If a fish is caught with only an FDX-A tag, a new
134.2 FDX-B tag is also deployed in that fish, aiming to implant on the opposite side of
dorsal and away from the older tag to avoid masking detection of either tag.

All recaptured fish with a PIT tag matching a database record is automatically linked to
the known fish information, including origin (wild, hatchery or unknown), capture status
(new, untraceable or recapture), year class and year class method (fin ray, hatchery,
scute pattern, unknown) and encounter history. If a capture is not connected to a
previous record field, staff must assign these parameters to the best of their ability
referencing Appendix Table 6.

2.5.3 Wild capture protocols — first time encounters.

Ageing: A leading pectoral fin ray sample is collected when an unmarked juvenile is first
encountered (<120 cm FL with no scute markings and no tags). Fin ray samples are
collected by removing a small cross section (~1 cm) of the pectoral ray on the distal side
of the knuckle using a Dremel with a 1” diameter diamond cutting disk (fin ray photos
and processing tools, starting at Appendix Photo 33). Lab processing of the fin ray takes
place when the sample is dried out (~1 month after collecting the sample in the field). A
thin slice is cut off of 5” jewelers blade hand tool with a No 1 48TPI blade (0.024” wide
and 0.012” thick). The thin slice of fin ray is sanded down with sandpaper in decreasing
grit (150-400 grit) until the surface is smooth and polished and light can penetrate
through the annuli under an optical microscope with a magnification of 30x or higher. A
photograph of each fin ray slice is taken with a digital camera focused through the
eyepiece, and the age is identified by counting the number of concentric rings. Ageing is
done blindly by three trained staff members (blindly= no one is aware of the age
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selected by other staff prior to aging and without knowing the size of fish that the fin ray
came from). Historically, fin rays were collected from wild adults, but we have ceased to
evaluate ages of wild adults given the ageing error with fin rays in older sturgeon (e.g.,
Paragamian and Beamesderfer 2003 and O’Connell 2020).

Genetics: a tissue sample is collected from newly captured wild juveniles for future
genetic evaluations. Fin clips are collected by cutting a small (smaller than a fingernail
size) piece of tissue, from the leading edge of any fin that is not damaged, primarily
from a pectoral fin. The tissue sample is preserved in a vial with minimum concentration
of 75% ethyl alcohol and labeled.

2.5.4 Surgery protocols for sexing and acoustic tag implantation.

Surgeries to determine sex and maturity or to insert an acoustic tag in larger individuals
is done by making an incision (~2-5 cm in length) just off the ventral midline the fourth
scute anterior to the pelvic fin using a sterile #10 scalpel blade (surgery photos starting
at Appendix Photo 37, surgical location and sexing methods following methods in Van
Eenennaam et al. 2004 and Webb et al. 2019). Rat toothed forceps are used to lift the
body wall during this process to prevent any damage to organs. The incision made for
applying sonic tags to juveniles may occur in the same ventral location as specified for
adults or if the fish is small enough that it is believed to have a thin ventral body wall
(e.g. < 0.25 cm) the incision will be may on the sidewall, immediately dorsal to the
ventral line of scutes between the fourth and eight side scute counted from the anterior
end (Appendix Photo 40. ; Neufeld 2005, Liss et al 2017). The length of the incisions
made to install sonic tags in juveniles is variable depending on tag size typically ranging
between 2-4 cm in length (Stephenson and Evans 2018).

When the gonads are visible, they are inspected with the naked eye, but primarily with
the aid of an endoscope (Appendix Photo 38. ). Endoscope is the most accurate and
accessible form of gonad examination and sex assignments, especially in prepubertal
fish (Maskill et al 2022). There are 12 different maturity categories (Appendix Table 7)
which are based on Webb et al’s 2019 sexing and maturity protocols. If eggs are
present, they are measured with a ruler to determine maturity stage.

If an acoustic tag is to be implanted, its serial number and ID is recorded in the
database, its magnet is removed to activate the tag, and it is sterilized and rinsed with
distilled water prior to insertion. Acoustic tags are carefully slid into the body cavity
around the organs.

The following steps are then used to close the incisions with sutures: depending on the
thickness of the body wall, different thicknesses of dissolvable sutures are used: size
2/0 (CT-2, 26mm 1/2c taper) for a thicker body wall and 3-0 (SH-1, 22m 1/2c taper) for a
thinner body wall. Needle drivers and rat toothed forceps are used to thread the suture
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through the tissue of the body wall and not into the body cavity. The suture is tied closed
by tying a knot in three series of wraps (3,2,1). This is done by placing the needle
drivers above the incision and loosely wrapping the longest portion of suture three times
around the needle drivers away from you and pulling the tail end through the loops with
your needle drivers. The second knot is done in the same fashion in the reverse
direction with two wraps and the third with one wrap. The knot that is tied is not tight to
the skin, but tight enough that the edges of the incision are connected without puckering
(Appendix Photo 41).

2.6 By-catch.

All non-target fish captured during sturgeon sampling are identified and their fork length
is recorded in centimeters (precision of 0.1cm).

2.7 White Sturgeon data summary and analysis.

White Sturgeon length frequencies, age structure, recapture frequency, size at age, and
body condition were calculated. Body deformities were recorded when more than 20%
of a fin was affected. Size at age was used, not annual growth rates, due to the length
of time between encounters, sometimes exceeding 15 years (Stephenson and Evans
2016).

2.8 Growth model

The age and fork length data collected for White Sturgeon were used to construct von
Bertalanffy growth models for hatchery reared fish captured using all methods. Three-
parameter von Bertalanffy models were constructed to examine growth of fish in all
habitats combined and within each separate habitat type (lake, river, and L-R transition
area) using the ‘FSA’ package in R. The initial models did not converge, due to the
biphasic growth exhibited in the data, where younger fish growth slowed down, followed
by a second growth phase of adult fish. Therefore, the growth models were estimated
separately for fish younger than 15 years and fish of age 15 years or older. In addition,
the growth model for fish of age 15 or older collected in Kootenay Lake did not
converge. Therefore, a single growth curve was constructed for the combined lake and
L-R transition area for adult fish. Overall, seven three-parameter von Bertalanffy models
were constructed: four models for fish younger than 15 years (one for each habitat type
and one for all habitats combined), and three models for fish of age 15 years or older
(one for river data, one for combined lake and L-R transition data, and one for all
habitats combined).

Data summaries and figure generation were done in program R (R Core Team 2020).
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2.9 Telemetry.

2.9.1 Receivers.

Innovasea telemetry receivers are deployed throughout Kootenay Lake and River; each
site currently has two receivers (one VR2W in 81kHz and one VR2Tx at 69kHz;
Appendix Figure 1 ). Each site will maintain two receivers until 2031 when the last
81kHz tag expires, at which point only 69kHz receivers will be needed in system (due to
discontinuation of the 81kHz by the manufacturer).

2.9.2 Sonic tag deployment.

Between the 2020 through 2023 season, different types of Innovasea tags (longevity,
non-sensor and temperature tags) were deployed into different age groups of fish, at
different locations (Table 2 and Appendix Table 8). Tag burden was limited to less than
4% of the body weight.

V13 tags were deployed in 2020 and 2021 as a continuation of a juvenile telemetry
study commenced in 2019, to investigate lake and river habitat use and transition rates
by hatchery juveniles (battery life of 1166-1246 days; Stephenson et al. 2020). In 2020
and 2021, V16 tags were also put out in hatchery fish in the West Arm to specifically
investigate movements of fish caught in that area of the lake (3,650 day battery life).
This study was initiated to understanding how sturgeon utilize habitat in the West Arm.

In addition to sonic tagging for monitoring juvenile movement, acoustic tagging of pre-
spawning wild females takes place annually. Tag numbers are determined with co-
managers to maintain a sample size of 100 females with active V16 acoustic tags
(battery life of 3,650 days), which equates to approximately 25-30 tagged females
spawning each year. In BC we tag approximately four females every year, and we aim
to tag females in the fall that are anticipated to spawn the following spring. These fish
are identified as F3 and their eggs are equal to or greater than 2.2 mm in diameter.
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3 Results
3.1 Catch and Effort.

Gill net, angling and set lining was completed in all four years. Gill net catch was highest
on the Creston Delta, but there was a lot of variability between sites in all areas (Figure
3). There was higher catch at the transition (RKM 122-123) area when index sets were

included with GRTS sampling in 2022 and 2023
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Figure 3. Gill net CPUE by area and year, each set is displayed with a point and mean

CPUE plotted by the triangles. Colors for the sampling categories, with GRTS

introduced in 2022.
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Set lines were eight hook lines and set for ~24 hours; hook sizes were all 16/0, except
for in 2020. In 2020 12/0, 14/0 and 16/0 size hooks were compared. When comparing
the hook sizes in 2020, capture efficiency (ie. number caught/number of hooks set) by
hook size was 12/0=16.5%, 14/0=23.4%, 16/0=39.6%. Included in the lower capture
efficiency of the smaller hook sizes were straightened hooks (n=4 for each of 12/0 and
14/0). Size of fish caught was comparable with the three hook sizes; after 2020, all set
line hooks were 16/0 (Stephenson 2020). Sturgeon were caught throughout the lake, at
more comparable levels across areas than seen in the gill net sampling. The highest
catch was at the Creston Delta, but many areas had six or more fish on the eight hook
lines (Figure 4). CPUE or catch per line can be challenging with set lines as large
sturgeon can wrap the line up and make most of the hooks unfishable.
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separated by sampling site selection method. Each set is represented by a solid circle
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introduced in 2022.

For all sampling methods, effort amount and allocation across the broad lake and river
habitat categories was comparable across years, except for the increase in angling
effort increased in 2023 (Figure 5; Table 1). Angling increased from the previous three
years as it was the first year after COVID restrictions with the return of crews from KTOI
and IDFG helping on the Lardeau Delta sampling. Angling was particularly effective in
2023 at the Lardeau Delta as IDFG crews were able to anchor out deeper and increase
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catch rates at ~25 m. See the appendices for summary of effort and catch for gill nets
(Appendix Table 2) and set line and angling (Appendix Table 9). See maps for each
year, starting at Appendix Figure 11 for maps of sampling locations and catch by site.
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Figure 5. Effort by the number of sets by gear type in the lake and river and separated
by year of sampling; AB= angling with bait, GN=gill net and SL=set line.

Overall 1958 White Sturgeon were caught in the four years of sampling from 2020 to
2023, 88% of captures were hatchery origin individuals (Table 1, Figure 6). Gill net
sampling continues to catch the most fish for the sampling in BC, however set lines and
angling are increasingly comparable in contribution as the hatchery fish grow out of
susceptibility to the gill nets. The smallest size of hatchery juveniles caught in the gill
nets, by year 2020 to 2023, was 18 cm, 24.6 cm, 28 cm and 28 cm; respectively.
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Table 1. Summary of captures from all sampling and effort from 2020 through 2023, captures separated based on sturgeon

origin (hatchery, wild or unknown). AB= angling with bait, GN=gill net and SL=set line. All measurements are in centimeters.

Sample Total: Total Effort: Total Total: mean Hatchery: Hatchery: Unknown: Unknown: Wild: Wild: mean
Method Year N hours CPU  fork length N mean fork N mean fork N fork length
(#sets) E (SE) length (SE) length (SE) (SE)

GN 2020 415 252.2(197) 1.65 61.2(1) 410 60.5(1) 0 - 5 122(26.9)
GN 2021 504 208.1(178) 242  62.4(0.9) 496 62.1(0.9) 0 - 8 81.8(18.8)
GN 2022 193 190.9(163) 1.01 71.6(1.6) 190 71.2(1.6) 1 58(na) 2 113.1(37.9)
GN 2023 196 185.8(156) 1.05 75.1(1.6) 193 75.1(1.7) 2 79.4(3.4) 1 63.5(na)
AB 2020 13 18.5(29) 0.7 143(11.7) 5 104(6.2) 0 - 8 167.3(12.1)
AB 2021 28 9.9(31) 2.8 143.96.8) 15 114.7(5) 0 - 13 177.5(3.7)
AB 2022 17 12.5(23) 1.4 161.4(11.7) 7 114.8(6.8) 0 - 10 194(10.1)
AB 2023 149 54.7(150) 2.7 133.2(2.8) 118 118.4(1.5) 1 174(na) 30 190.1(4.2)
SL 2020 127 1324.8(57) 0.1 135.7(3.3) 90 117.1(2.3) 2 146.5(12.5) 35 182.7(3.8)
SL 2021 109 1377.3(62) 0.08 152.7(3.7) 62 125.2(2.7) 1 155.4(na) 46 189.7(3.3)
SL 2022 98 1194.3(53) 0.08 153.4(3.8) 56 125.3(2.7) 1 200.5(na) 41 190.6(2.5)
SL 2023 109 1195.3(53) 0.09 143(3.7) 75 122.6(2.7) 0 - 34 188(3.8)
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Figure 6. The length histogram (5 cm bins) of White Sturgeon caught in all targeted
sampling, separated based on origin (hatchery, wild or unknown).

3.2 Site specific comparisons

The shift to GRTS in 2022 resulted in less fish caught in gill nets, but comparable catch
rates for setlines (Table 1, Figure 3 & Figure 4 ). The sites with the highest catch
continue to be in the lake, at the Creston Delta for all sampling, and the Lardeau Delta
and the West Arm for the angling and set lines (see the Appendices for maps of catch
starting at Appendix Figure 11).

Percent new encounters can be indicative of recruitment into the sampling or sampling
a new portion of the population. Recapture rates were comparable for all years (Figure
7), but a slight decrease in the number of new wild fish encountered in 2022 and 2023
(17 and 22% new encounters, respectively). The mean time since previous capture
between for the recaptures was over 5 years for all fish and was highest for the wild
origin fish (> 7 years; Figure 8). There was a slight increase in time from previous
encounter for hatchery origin fish caught in the GRTS sampling in 2022 and 2023
(Figure 8).
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Figure 7. Percent recaptures (blue) and new encounters (orange) for all sampling in
2020 through 2023.
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Figure 8. The mean time (years) from previous capture, for fish with recapture records.

All sampling methods pooled by year of sampling.
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3.3 Wild Fish

The wild fish caught were primarily adults; 10% (24/233) were under 150 cm fork length.
The recapture rate increased slightly in the last two years of sampling, over 75%
recapture rate and a mean time of >7 years between captures. The unmarked new
captures less than 120 cm had fin rays aged and ranged from 8 to 29 years at time of
capture (Appendix Table 10).

3.4 Hatchery fish

All brood years (1991-2021) of hatchery released individuals were encountered in the
sampling (Figure 9). Some brood years had higher representation in our catch, such as
2005, 2006 and 2015 which were large release years (>25K individuals), but also early
releases that have high survival and representation e.g. 1995 and 1999 (see Figure 2
for release summary). The release location was known for individuals that had a PIT tag
that tied it to a release record and regardless of capture location, most individuals were
released in river habitat (Figure 10). This pattern corresponds to the release history, with
~90% of juveniles released into Kootenay River (US and Can; Figure 2). Interestingly
lake releases were almost exclusively caught in the lake habitat and there were some
year classes that stood out in the catch, e.g., lake released fish dominated the 2002
year class.
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Figure 9. Hatchery White Sturgeon captures from all sampling in BC in 2020 to 2023
based on brood year. Brood year was assigned based on hatchery release records
when available via PIT tags (grey) or based on scute patterns if no PIT tag could be

connected to a release record (black).
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Figure 10. Hatchery fish caught in BC in 2020-2023, brood years and habitat of release,
plotted by habitat they were caught in.

3.4.1 Growth and maturity

Growth of hatchery fish continues to vary between habitats, with the lowest size at age
in the river sites (Figure 11 & Figure 12). This trend did not change over the four years
of sampling and no evidence of changes in growth over the four year study period.
Sexual maturity is expected to be reached at approximately 150 cm FL and we see
some of the hatchery fish entering that size when >25 years old, however growth rates
in the river do not project fish growing to that size. Over the course of this study period
21 hatchery fish were examined for gonad development and none were identified to be
in spawn condition (size range 126.5 to 175 cm fork length). There were three identified
as females, but none had egg development.
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The von Bertalanffy growth models suggest a biphasic growth pattern, with fish
increasing in growth rates after the age of 15 years old (coefficients from all seven von
Bertalanffy growth models in Appendix Table 11). The combined-habitat growth curves
estimated growth to be intermediate between the lower river-based and higher lake-
based data (Figure 12). The combined-habitat growth were closer to the river-based
curves, since the majority (77%) of the data were collected in the river, therefore
skewing the combined-habitat results toward the river-based growth model estimates.
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Figure 11. Mean fork length of hatchery individuals caught in BC between 2020 and
2023, separated by habitat types (lake, lake-river transition and river habitats).
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Figure 12. von Bertalanffy growth models, showing the seven fitted models (colours
represent habitats and line types represent age groupings). Points show mean length at
age in the collected data.

3.5 Bycatch

Most bycatch is caught in the gill net sampling, but occasionally a non-target species is
caught in the set line and angling sampling. Bycatch includes sucker spp (pooling
longnose sucker (Catostomus catostomus) and largescale sucker (C. macrocheilus)),
northern pikeminnow (Ptychocheilus oregonensis), peamouth chub (Mylocheilus
caurinus), mountain whitefish (Prosopium williamsoni), yellow perch (Perca flavescens),
bull trout (Salvelinus confluentus), crayfish (Pacifastacus leniusculus) and
pumpkinseed (Lepomis gibbosus) (Figure 13).
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Figure 13. Count of incidental captures, by species, from the river and lake from 2020

through 2023 in Kootenay White Sturgeon sampling in BC.

3.6 Telemetry

In the four years, 46 Innovasea acoustic tags were deployed in BC (Table 2). Different
types of tags (longevity, non-sensor and temperature tags) were deployed into different
age groups of fish, at different locations with varying objectives. Hatchery and wild fish
were tagged in this study period, sizes ranging from 38 cm to 159 cm for hatchery origin
fish and 165 cm to 235 cm fork length (Appendix Table 8). No movement summaries or
analyses are included in this report.
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Table 2.Telemetry Tag Summary: 2020-2023.

Tag life Individual specification |\ umPer of
Year Tag type g Sensor |Location P individuals
(days) target
tagged
Hatchery fish (>275g and
greater or equal to 10 years
V13 1166 N/A River old) to increase river 4
2020 sample of hatchery origin
fish.
V16 3650 N/A Lake Prespawn females F3 1
N/A West Arm | Any hatchery fish (>650g) |1
Any hatchery fish (>650g) |5
West
Temp. Arm®
Any wild fish 3
Hatchery fish (>275g and
V13 1246 N/A Lake greater than or equalto 10 |9
years old)
2021
West Hatchery fish (>6509) 1
3650 Temp. o
Arm Any wild fish 1
V16 y
System
3650 N/A ! Prespawn females F3 5
wide
2022 |V16 3650 N/A %s;em Prespawn females F3 5
2023 | V16 3650 N/A %S;em Prespawn females F3 1
Total individuals tagged 46

*West Arm tags were funded by FORTIS to inform movement of fish in the West Arm and if any moved
towards Corra Linn Dam.



4 Discussion

Sampling and fish handling in BC has evolved over the years; this report outlines the
evolution of sampling techniques and the rationales for various changes. The handling
and equipment used are the current best practices. The shift to GRTS sample sites is
still new for the program and there were some challenges, especially in the first year in
2022 for gill net sampling, where sites were overall shallower than in the past. These
shallower sets could explain the lower CPUE since moving to a GRTS sample design.
Decisions were made with co-managers and the modelers that starting in 2024 there
will be a 200 m buffer around points to allow field crews to move sets to a minimum
depth of 5 m. We have committed to a five-year trial of GRTS sampling approach until
2026 but will continue including a select number of index sites to ensure we are
effectively capturing a representative sample as well as the numbers needed for
modelling survival and growth.

Angling, set lining and gill netting continue to be effective ways of capturing the size
range of hatchery fish and wild fish at large in the system. Older hatchery fish will
continue to grow and recruit to set lines and angling, while gill nets are still most
effective for assessing survival in younger ages and early detection of wild recruitment.
As seen for the last 10 years, hatchery fish now dominate catch on set lines and angling
gear in BC and the highest catch rates for both wild and hatchery fish are in the lake.

Size and age for sexual maturity is not yet understood for hatchery White Sturgeon in
any population (Maskill, 2020). Sexual maturity in the Kootenay system was previously
estimated to be greater than 120 cm fork length, however, similar to other White
Sturgeon populations, the median size for female sexual maturity is likely greater than
150 cm fork length or greater than 35 kg (e.g., BC Hydro 2022, Devore et al. 1995, Van
Eenennam et al. 2004). No sexually mature hatchery fish have been caught in BC, but
with ripe males caught on the spawning grounds starting in 2020 (KTOI 2023), it is likely
there are ripe males in the lake portion of the population. Males reach sexual maturity at
younger and smaller sizes than females (Van Eenennam et al. 2004). With good growth
of fish in the lake, we anticipate finding ripe hatchery females within the next few years
and it is recommended to continue to study sexual maturity through endoscope
inspection of hatchery fish = 150 cm fork length.

With the current habitat conditions and sturgeon density in the river, fish that remain in
the river may not reach sexual maturity due to decreased growth, therefore may not
contribute to the next generation for recovery of this federally listed species. Over the
history of the hatchery program releases have mostly focused on the river sites (~90%
of all released fish), however during this study we identified that those fish released into
the lake stayed in the lake. Considering both lower growth rates and tendencies of fish
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to remain in their release habitat, future hatchery releases should be focused in the
lake, rather than the river.

With the continued low catch of wild juveniles in the gill net program, and the relatively
stable percentage of new wild adult captures, there is no evidence of an increase of wild
recruitment. The stable percentage of new wild adult captures also suggests there is no
notable change in the wild population and trends continue as last modelled (Hardy et al.
2020). With a pulse in larvae captured in Idaho in 2022 as well as KTOI’s early life stage
release studies (KTOI 2023), we hope to encounter more unmarked juveniles in gill nets
beginning in 2026 or later, as they recruit to the gear after age 4+ years.

Annual monitoring in BC continues to be an important component of monitoring for
Canada and the entire transboundary population. These data are also inputted into
larger modelling and system wide reviews (e.g., Dinsmore et al. 2015, Golder 2022).
Given sturgeon long life spans, monitoring programs, subsequent modelling, with the
time lag for information estimated to be 10+ years for juveniles and 30 years for adults
(Beamesderfer et al. 2014 and Haxton et al. 2024). Long term, consistent monitoring is
needed to monitor wild population trends and inform the adaptive management of the
hatchery program.
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Appendix 1. List of sampling protocols and techniques employed by staff to minimize
handling stress on sturgeon.

Gill net:

Nets are not set on the lake in strong wind conditions. Sampling in these
conditions may cause an increase in handling time and increase the possibility of
damage to fish in nets or when handling on the boat.

o To ensure set times are within are maximum set times (90 minutes) we
manage the number or nets we set if we are in an area where catch rates
can be high.

o To reduce thermal stress, net set times are reduced in warmer
temperatures (>20°C) if fish are showing signs of stress and/or high catch
rates are encountered.

Fish are released away from other net sets to avoid re-catching fish on the same
day.

Use a minimum crew size of three people when high catch site are sampled.
Nets are not set in locations with known floating or submerged logs or boulders
to prevent net entrapment.

Nets are anchored with weights on each end and marked with buoys to prevent
drifting.

Nets are pulled in at a pace so that the crew can be removing a fish from the net
while the remaining entangled fish are resting in the water. Fish are not left
entangled in the net suspended out of the water.

Fish are removed from the net as fast as possible, and the net is cut to assist
removing the fish if too entangled.

Once out of the net, fish are placed in an insulated live well or cooler with water
flowing or water being refilled between sites, to minimize water temperatures and
maintain higher oxygenation levels.

If a fish is too large to be placed in the live well or cooler, they are placed in a
stretcher outfitted with running water pumped from the lake.

Once all fish are out of the net, fish are worked-up as quickly as possible,
prioritizing work up and release of fish that appear stressed (e.g. pinkish skin).

Set line:

To minimize stress with increasing water temperatures, overnight set lines only
set when water less than 17°C.
e Increased temperatures are connected to increased handling stress
(MacLean et al. 2016). No specific temperature criteria exists within White
Sturgeon work, however this temperature was selected based on crew
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observations, over the last 20 years, of sturgeon with good recovery
responses and when they show limited signs of stress while handling
(stress indicated when skin turns red or pink and when fish show lower
levels of reflex responses/reactiveness). The temperature criteria aligns
with work in the Upper Columbia projects (James Crossman and Jason
McLellan pers comm).

General handling processes to minimize stress

Fish are always placed on measuring boards and stretchers that are wet to
prevent damage to their skin and mucous layer.

If a fish appears to be full of air, staff perform a decompression technique called
“burping” whereby the fish is placed on their dorsal surface; their head is tilted
back slightly and their ventral surface is gently massaged from caudle to head
which easily allows air to be released, therefore preventing the fish from floating
upon release.

If a fin clip is to be collected, it is not collected from a fin that is damaged.
Surgeries are performed using sterilized and rinsed surgical equipment to
prevent infection. Equipment is sterilized with a hard-surface disinfectant solution
(ex.16 mL Super Germiphene or CaviCide concentrate to 1 L of distilled water).
Surgeries are not performed on any fish showing signs of distress

After a surgery is performed, juveniles are held in a cooler and adults are held in
the stretcher until normal respiration, orientation and swimming behaviour is
observed prior to release.

Any fish found with fishing line wrapped around and or embedded in their body is
carefully removed when possible.

Proper training of staff occurs to ensure the accuracy and efficacy of all duties.

47



Appendix 2. Photographs
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Photo 1. Measuring fork length of juvenile
White Sturgeon.

Photo 3. Correct way to measure total
length.

Measuring fork length of adult White
Sturgeon
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Photo 4. Incorrect way to measure total
length.

Photo 2.
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Photo 5.Weigh scales: a) 500g Pesola spring scale (0.01 kg precision), b) 20 kg Pesola sprig
scale, c) 10 kg Pesola spring scale, d) 40kg Pesola digital scale (0.01 kg precision) e) 50kg
XTR digital scale (0.02 kg precision), f) 200kg Pesola digital scale (0.2 kg precision). Not
pictured is historical 250kg Kilotech’s spring scale used historically for adults prior to 2014.

Photo 6. Fish weighed with 500g Pesola | Photo 7. Fish weighed with 40kg Pesola scale.
scale.
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Photo 8. Fish weighed with 2
scale.

Photo 10. Tagging and surgical instruments: a) T-bar tags, b) PIT tags, c) V16 sonic tag, d) 3-0 (SH-1,
22 m 1/2c taper) sutures with dissolvable monofiliment, e) T-bar tag dispenser, f) PIT tag syringe, g)
scalpel with number 10 blade, h) 6” needle drivers, i) 1x2, 5.5" rat-toothed forceps, j) 8220 Dremel
with 1” diameter diamond cutting disc, k) endoscope (Welch allyn model 20260) with 7 mm wide
and 7 cm long specula, l) AVID-Power Tracker VIII, PIT tag reader.
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Photo 11. Scanning fish for PIT tag
with AVID’s Power tracker.

Photo 13. Example of caudle fin
damage. Cause unknown.

Photo 14. Example of caudle fin damage. Cause
unknown.

51



Photo 15. Example of caudle fin damage
due to fishing line (was removed upon
capture).

Photo 16. Example of dorsal fin damage. Cause

unknown.

Photo 17. Example of head
deformity/damage.

Photo 18. Example of operculum
deformity/damage

Photo 19. Example of pelvic fin deformity.
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Photo 20. Examle of pectoral fin Photo 21. Example of pectoral fin deformity

deformity.

side body. and side body.

Photo 22. Example of “other” damage to | ppoto 23. Example of “other” damage to dorsal

Photo 24. Example of “other” damage to | Photo 25. Example of “other” fishing line
vent. embedded in body (was removed upon capture).
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Photo 26. Example of “other” fishing line | Photo 27. Example of “other” misaligned
protruding from sphincter (was removed | sphincter.
upon capture).

I‘I.”lll 0 3q n

Photo 28. Example of “other” lesion.
P Photo 29. Example of “other” abnormal growth.
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Photo 30. Example of a small external parasite.

d > - : sl F'f" ¢
Photo 31. Example of an L1,4 scute Photo 32. Example of an L2 scute removed on a
pattern wild fish caught for the first time.
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Photo 33. Fin ray extraction via Dremel. | Photo 34. Healed fin ray.

Photo 35. Fin Ray processing equipment: a) optical microscope, b) 5” Jewelers blade hand
tool with No1 48TPI (0.024” wide and 0.012” thick), c) sandpaper between 150 and 400 grit.
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Photo 37. Example of incision location made to inspect gonads and or insert a sonic tag.
Counting four scutes up from pelvic fins and off of the mid-line.
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S
Photo 39. Sonic tag insertion in a pre-spawning female (F4)-notice the size and colour of
the eggs.

Surgical Application
Sonic Tag Location

Photo 40. Sonic tag insertion and location in smaller juveniles.
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Photo 41. Suturing the incision.

Photo 42. Recapture of a fish with an incision that is healing and remnant sutures in the
process of dissolving.

Photo 43. Multifilament gill net sizes (27, 4”7, 6”).
This size is when the square mesh is stretched on

Photo 44. Example of gill net Stretch
and then measured.

measure (2”). The net’s stretch
measure is the length measured when
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Photo 45. Weights used for gill netting
(4kg) and set lining (9-25kg).

one square of a net is stretched
diagonally.

Photo 46. Buoys used for: gill netting (LD-1),
set lining (A3) and telemetry receivers (A5)
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Photo 47. Adult sampling gear: a) Size 16 circle hook for set lining and snubbers (long line
stainless steel tuna clips with rolling swivel), b) angling circle hook, ¢) minimum of 8 oz
pyramid weight, d) overhead rod and reel with 150 lb braided line.
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Appendix 3. Tables

Appendix Table 1. Kootenay White Sturgeon gill net construction: 1998-2022

Year

1998
(Spence 2001)

1999-2000
(Vandenbos and
Spence 2001)

2001
(Neufeld and Spence
2002)

2002-2003
(Neufeld and Spence
2004a and b)

2004-2010
(Neufeld
2005/6/7/8/9/10,
Stephenson et al.
2012)

2011-2022*
(Stephenson and
Neufeld 2012/13,
Stephenson et al.
2014/16/20,
Stephenson and
Evans 2016/18/20)

Net length and | Stretch Mesh size

depth

22.9m (75),
30.5m (100’),
38.1m
(125),15.2m
(150’). No depth
recorded

~46.0m (150°)
long and 1.8m
(6’) deep

2.5cm (1
3.8(1.57)
5.1cm (27
6.4cm (2
7.6cm (37
10.2cm (47)

2.5cm (17)

") Specifics unspecified

)
)
)

2.5cm (17)
5.1cm (27)

5.1cm (2")
(7bs tensile
multifilament

netting Float line:

(21073)) e 3/8" Foamcore
10.2cm (4") (10lb

(10Ibs tensile Buoyancy/600)
multifilament
netting (210/4)
15.2cm (6")
(10Ibs tensile
multifilament
netting (210/4)

Lead line:
e 50Ib Leadcore
Rope (50Ib
Sink/600")

* Additional net construction specifics for 2011-2022 net construction include:

e Breast lines: 1/8" solid braid nylon

Float and lead line specs.

Net Company

Miller Net
Company
(Memphis,
Tennessee)

Company
unspecified

Deluth Nets by
H. Christiansen
Co. (Deluth,
Minnesota)

e Hung using #9 twine with tie intervals less than 12" 150' long x 6' deep multifilament gill net
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Appendix Table 2. Summary of gill net set information between 1998 and 2023.

Actual Mean
# of River # of Avg. gill | Intended m.ax surfac Surface Avg Total #
RKM Total # | and Lake # of secon | netset | maxgill gill e water dept | Depth of .
Year Date range range' of sets | sampling quex dary time net set net water temp. h per | range sampli
locations sites sites (hrs) time (hrs) set temp.- range year | (m)’ ng
length (°C)2 (°C)? (m)3 hours
(hrs)
1998 | Jul 7-Sep25 120-167 | 64 numerous | NA NA 1.3 2.5 2.3 NA NA NA NA 84.6
1999 | Jul 26-Aug27 120-161 | 119 numerous | NA NA 1.7 1.5 3.0 NA NA NA NA 205.5
2000 | Jul 6-Aug 25 120-145 | 229 numerous | NA NA 1.3 1.5 2.7 NA NA NA NA 292.3
2001 | Jun19-Sep7 158'5_ 340 numerous | NA NA 1.2 1.0 1.8 NA NA 17.76 | 5.2-29.2 | 387.9
2002 | Jun 24-Aug 28 | 120-170 | 313 17 9 8 1.1 1.0 2.0 NA NA 16.85 | 1.3-32.0 | 345.3
2003 | Jun 24-Sep 11 | 77-167 | 350 18 9 9 1.1 1.0 4.4 NA NA NA NA 397.6
2004 | Jul 7-Aug 31 77-167 | 228 18 9 9 1.3 1.0 2.4 NA NA 17.35 | 4.6-33.0 | 302.2
2005 | Jul 13-Aug 30 | 120-167 | 176 14 8 6 1.5 1.5 2.2 NA NA 17.08 | 7.0-30.0 | 270.0
2006 | Jul 13-Sep 8 120-167 | 189 14 8 6 1.6 1.5 2.7 NA NA 17.08 | 7.0-30.0 | 292.6
2007 | Jul 18-Aug 30 | 120-167 | 158 14 8 6 1.4 1.5 2.4 17.8 15.4-22.8 | 16.16 | 5.4-33.0 | 220.0
2008 | Jul 11-Aug 22 | 120-167 | 158 14 8 6 1.5 1.5 2.7 17.8 15.8-22.6 | 14.56 | 3.0-31.9 | 238.0
2009 | Jul 16-Aug 26 | 120-165 | 152 12 8 4 1.5 1.5 2.6 19.8 18.0-21.7 | 13.76 | 2.3-27.5 | 225.0
2010 | Jul 19-Aug 24 | 120-165 | 150 11 7 4 1.2 1.5 3.6 19.8 17.8-20+% | 14.56 | 3.5-30.0 | 182.0
120-
2011 | Jul 18-Aug 25 | 165" 166 11 7 4 1.2 1.5 4.2 17.1 15.2-20.8 | 15.4% | 5.0-33.0 | 205.7
2012 | Jul 24-Sep 25 | 18-165 146 12 7 5 14 1.0 3.0 16.8 14.4-21.8 | 15.0 | 3.0-38.0 | 196.9
2013 | Jul 17-Sep 24 | 18-165 185 11 6 5 1.2 1.0 24 18.2 14.4-21.8 | 13.47 | 2.0-36.6 | 228.0
2014 | Jul 23-Sep 30 | 18-165 169 12 6 6 1.1 1.0 2.1 17.2 12.2-21.9 | 13.8 | 5.0-30.0 | 192.8
2015 | Jul 8-Sep 22 18-165 | 209 11 6 5 1.1 1.0 2.3 18.5 12.4-219 | 1546 | 2.7-36.0 | 235.9
2016 | Jul 15-Sep 14 | 18-165 162 11 6 5 1.2 1.0 1.9 17.3 13.0-21.5 | 159 | 0.8-33.0 | 193.9
2017 | Jul 17-Sep 12 | 18-165 160 11 6 5 1.1 1.0 2.3 18.3 2.5-23.6 14.7 | 2.5-33.0 | 170.2
2018 | Jul 16-Sep 26 | 18-165 | 207 14 6 8 1.1 2.0 2.1 18.2 2.4-22.4 15.96 | 1.8-38.0 | 221.0
2019 | Jul 15-Sep 23 | 18-165 | 243 12 6 6 1.2 2.0 1.8 17.9 11.6-21.0 | 16.0 | 3.0-35.0 | 287.3
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Actual Mean
# of River # of Avg. gill | Intended m.ax surfac Surface Avg Total #
# of . gill water dept | Depth of
RKM Total# | and Lake | . secon | netset | maxgill e .
Date range 1 . index . net temp. h per | range sampli
Year range of sets sampling . dary time net set water
locations sites sites (hrs) time (hrs) set temp.- range year | (m)’ ng
length (°C)§l (°C)? (m)3 hours
(hrs)
18-
161,WA, | 161 11 6 5 1.3 2.0 2.0 16.8 12.9-20.0 | 15.8 | 4.0-36.0 | 208.0
2020 | Jul 14-Aug 25 | CfB
18-
12:3’?5 147 11 5 6 1.2 2.0 2.1 18.5 15.0-21.0 | 16.4 | 3.0-35.0 | 167.7
2021 | Jul 19-Aug 24 | WA
18- Shift to
2022 167,CfB | 163 GRTS - - 1.2 2.0 21 19.0 16.3-22.6 | 11.8 | 1.6-30.0 | 191.0
4 Jul 18-Aug 29 |, PPB
18-168, Shift to
2023 CfB, 156 GRTS - - 1.2 2.0 1.7 19.5 16.7-229 | 13.0 | 2.2-35 185.8
4 Jul 18-Sep 08 | PPB

¢ '"WA=West Arm, CfB=Crawford Bay, Pilot Point Bay, 2Surface water temperature measured to the nearest 0.1°C, 3Depth data recorded to
the nearest 0.1 m, “GRTS sampling approach used, ®unable to detect temperatures >20°C-, ¢ average calculated from the average min
and max depth per set, 7 missing depth data from 20 sets this year.

e Spence 2001, Vandenbos and Spence 2001, Neufeld and Spence 2002, Neufeld and Spence 2004a and b, Neufeld 2005/6/7/8/9/10,
Stephenson ef al. 2012, Stephenson and Neufeld 2012/13, Stephenson et al. 2014/16/20, Stephenson and Evans 2016/18/20
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Appendix Table 3. Summary of Canadian gill net index and secondary site specifications
between 1998 and 2021 (Neufeld 2005, Stephenson et al 2029).

Index Site Code Easting Northing Site Type
KRGLD (RKM 18) Various Various Secondary
KRGed (RKM 120) Various Various Index
KRGwd (RKM 121) Various Various Index
KRG123 Various Various Secondary
KRG130 525263 5448969 Index
KRG134 528255 5448474 Index
KRG137 529943 5446872 Index
KRG141 530358 5444119 Secondary
KRG145 530270 5442262 Index
KRG150 530902 5436778 Secondary
KRG157 533574 5434480 Secondary
KRG161 534653 5432776 Index
KRG163 535174 5431769 Secondary
KRG165 533817 5430828 Index
KRG167 Various Various Secondary

Appendix Table 4. Summary of equipment used to record UTMs, depth and temperature
between 1998 and 2023.

Year UTmMS Depth (m) Temperature (°C)
1998 unspecified

Trimble Radio Shack digital
1999-2000 Geoexplorer Il Lowrance LMS- indoor/outdoor

thermometer*
350a3

2001

Trimbl No surface temperature
2002-2005 rimbie collected

Geoexplorer |l12

2006-2014 Garmin GPSMAP 182C

2015-2021 Garmin echoMAP 95sv

2022-2023 Lowrance HDS-9 LIVE with Active Imaging

TUTM device not specified in 2001 and 2005 report but likely Trimble Geoexplorer Il or llI
3 Depth equipment not specified in 1998 report but likely Lowrance LMS-350a

Spence 2001, Vandenbos and Spence 2001, Neufeld and Spence 2002, Neufeld and Spence 2004a and
b, Neufeld 2005/6/7/8/9/10, Stephenson et al. 2012, Stephenson and Neufeld 2012/13, Stephenson et al.
2014/16/20, Stephenson and Evans 2016/18/20.
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Appendix Table 5. Effort allocations for sampling Kootenay Lake and the Canadian
portion of the Kootenay River using gill nets and setlines in 2022 (Golder Associates
Ltd. 2022).

Gear Habitat Area Number of Limitations
efforts’
Gillnets | Lake Creston Delta 22
(59% of effort) Lardeau Delta 8
Crawford 4
Upper West Arm 0 Many known underwater hazards
Lower West Arm 0 Many known underwater hazards

Three groups of four samples taken within
Main Body 3 km sections?

River Deep bend
(41% of effort) | Shallow bend
Deep straight
Shallow straight
Transition area
Setlines | Lake Creston Delta
(78% of effort) | Lardeau Delta
Crawford

Upper West Arm
Lower West Arm
Main Body
River Deep bend
(22% of effort) | Shallow bend
Deep straight
Shallow straight
Transition area

Many known underwater hazards

s
[a+]

-
w

3]

[o+]

Total of 4 samples within 10 km sections

Total of 5 samples within 15 km sections

oM O] ==& |||k ||k

%]

1 = each gillnet sample represents a double set - that is, each gillnet is set, checked, and then reset in the same
location on the same day. ? logistic limitations



Appendix Table 6. Summary of conditions to assign fish origin, capture status and year

class method.

Origin
Assigned
Wwild

Hatchery

Unknown

Conditions to be met to assign fish origin, capture status and year class method

¢ Having no PIT or scutes removed upon capture (Capture Status: New Wild, Year Class

Method: Fin Ray) or:

¢ Having a PIT connected to a previous capture record and an L2 missing (second scute

from the head missing on the left side) or an erroneous scute pattern (Capture
Status: Wild Recapture, Year Class Method: Fin Ray) or:

¢ Having no PIT present but an L2 missing (Capture Status: Untraceable Wild, Year

Class Method: Fin Ray).

Having a PIT connected to a release record and having either:

a scute pattern that matches that year class record or:

an erroneous scute pattern (Capture Status: Hatchery, Year Class Method: Hatchery)
Having a PIT not connected to a release record or no PIT and having either:

a scute pattern that perfectly matches a brood year release pattern with no
disagreements (Capture Status: Untraceable Hatchery, Year Class Method: Scute
Perfect) or:

a scute pattern that perfectly matches a brood year release pattern that is associated
with more than one brood year (1,3 (2001 or 2011),1,4 (2002 or 2012),1,5 (2003 or
2013),1,6 (2004 or 2014) and whose first capture record is prior to the second brood
year associated with the same scute pattern therefore 2001-2003 brood years may
be assigned based on scute pattern assuming the first capture record occurs prior to
2011-2013 respectively. Brood years of these fish cannot be assign based on size at
this time as growth rates between fish living in the river and lake are too variable.
(Capture Status: Untraceable Hatchery, Year Class Method: Scute Perfect) or:

a scute pattern that sufficiently corresponds with a year class with + or — one year
based on professional judgement with a heavy focus on the scute gap (Capture
Status: Untraceable Hatchery, Year Class Method: Scute Imperfect) or:

a scute pattern that is undeniably of hatchery origin but too ambiguous to assign a
Year Class (Capture Status: Untraceable Hatchery, Year Class Method: Unknown).

e Having no PIT and a scute pattern that is too ambiguous to assign as hatchery or wild

knowing that scutes can slough off via net abrasion (examples may include L1 or
L1,2 or L2,3 or L3). (Capture Status: Untraceable Unknown, Year Class Method:
Unknown) or:

e Having a PIT connected to a previous Unknown recapture with ambiguous scute

pattern (Capture Status: Unknown Recapture, Year Class Method: Unknown).
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Appendix Table 7. Sturgeon sexual maturity codes and description.

Sex Maturity
Code

Unknown Oa
Ob
Female F1
F2
F3

F4

F5
F6

R
Male M7
M8
M9
S

Description

Gonad undifferentiated (immature fish)

Gonad not seen

Average egg diameter <0.5 mm; Previtellogenic: no signs of vitellogenesis
Average egg diameter 0.6-2.1 mm; Early vitellogenic: eggs are cream to grey

Average egg diameter 2.2-2.9 mm; Late vitellogenic: eggs are pigmented &
attached to ovarian tissue

Average egg diameter 3.0-3.4 mm; Ripe: eggs are fully pigmented & detached
from ovarian tissue

Spent: gonads are flacid & contain some residual fully pigmented eggs

Average egg diameter <0.5 mm; Previtellogenic with atretic oocytes; dark
pigmented tissue present that may have reabsorbed eggs

Reabsorbing eggs

Non-reproductive: testes with translucent smoky pigmentation
Reproductive: testes white with folds & lobes

Ripe: milt flowing; large white lobular testes

Spent: testes flaccid; some residue of milt

Developed for the Kootenay based on Webb et al. 2019
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Appendix Table 8. Summary of all BC sonic tagged Kootenay White Sturgeon between 2020 and 2023.

o £ 2 2
Q Q o) 9 = = E o
9] > 8 2 D g O S 5 5
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2 = > O © £ 2 s O ~ S g S s T o
S > o > g T c < %) 5 ) > © ¢ L 9
= = I e M) =0 = W = ) T X ® m
A81-1206-1152 V16 81 16-Ju-20  14-Jul-30 KL 121 512 1738 498 F W
A81-1206-1155 V16 81 20-Ju-20  18-Ju-30 WA 22 234559 759 36 U H 170 2012
A81-1206-1169 V13 81 28-Jul-20  26-Jul-30 M 130 98438 622 18 U H 145 2010
A81-1105-21 V16T 81 06-Aug-20 04-Aug-30 KL 76 54068 972 68 U H 259 2004
A81-1206-1168 V13 81 13-Aug-20 11-Aug-30 M 130 99960 437 05 U H 145 2010
A81-1206-1170 V13 81 24-Aug-20 22-Aug-30 M 145 110639 414 04 U H 145 2011
A81-1206-1171 V13 81 25-Aug-20  23-Aug-30 M 150 235892 38 03 U H 145 2013
A81-1105-26 V16T 81 09-Sep-20 07-Sep-30 WA 17 65747 159 33.6 H 1995
A81-1105-22 V16T 81 09-Sep20 07-Sep-30 WA 22 14914 150 272 U H 76 2000
A81-1105-24 V16T 81 09-Sep20 07-Sep-30 WA 19 50211 127 20.9 H 151 2003
A81-1105-23 V16T 81 09-Sep20 07-Sep-30 WA 19 62599 1244 164 H 150 2007
A81-1105-25 V16T 81 09-Sep20 07-Sep-30 WA 18 250449 1885 606 F w
A81-1105-27 V16T 81 10-Sep20 08-Sep-30 WA 7.5 276660 215 79 M w
A81-1105-28 V16T 81 10-Sep20 08-Sep-30 WA 5 520 199 574 M w
A81-1105-29 Vi6T 81 23-Jul-21  21-Ju-31 WA 13 17944 982 79 U H 88 2001
A81-1303-65114 V13 81 27-Jul-21  24-Dec-24 KL 120 134852 415 04 U H 145 2012
A81-1303-65115 V13 81 27-Jul-21  24-Dec-24 KL 120 244027 689 19 U H 241 2013
A81-1303-65116 V13 81 27-Jul-21  24-Dec-24 KL 120 251906 604 14 U H 150 2015
A81-1303-65117 V13 81 03-Aug-21 31-Dec-24 KL 121 275584 603 13 U H 73 2017
A81-1303-65118 V13 81 06-Aug-21  03-Jan-25 KL 121 260351 583 1.1 U H 200 2015
A81-1303-65119 V13 81 10-Aug-21 07-Jan25 CB 45 234167 685 2 U H 170 2012
A81-1303-65120 V13 81 10-Aug-21 07-Jan25 CB 45 250764 645 17 U H 150 2015
A81-1303-65121 V13 81 11-Aug-21  08-Jan-25 KL 18 266339 60 14 U H 242 2012
A81-1303-65122 V13 81 13-Aug-21 10-Jan-25 KL 121 261708 602 14 U H 300 2015
A81-1105-30 V16T 81 16-Sep-21 14-Sep-31 KL 19 277029 218 734 F w
A81-1303-65041 V13 81 16-Sep-21 13-Feb-25 KL 18 95606 175 45 F w
A81-1303-65129 V16 81 17-Sep-21 14-Feb-25 KL 19 963 203 72 F w
A81-1303-65130 V16 81 22-Sep-21 20-Sep-31 M 13 277041 213 842 F w
A81-1303-65131 V16 81 23-Sep-21 21-Sep-31 WA 76 323 1945 662 F w
A81-1303-65132 V16 81 23-Sep-21 21-Sep-31 WA 5 850 210 88 F w
AB9-9001-57400 V16 69 21-Sep-22 18-Sep-32 KL 120 289731 1825 48 F W
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A69-9001-57388 V16 69 23-Sep-22 20-Sep-32 KL 122 228 196 63.8 F w
A69-9001-57389 V16 69 23-Sep-22 20-Sep-32 KL 122 289733 181 47 F w
A69-9001-57391 V16 69 12-Oct-22 09-Oct-32 WA 20 1580 200.5 63.8 F w
A69-9001-57397 V16 69 13-Oct-22 10-Oct-32 WA 5.5 289741 165 40.4 F w
A69-9001-57386 V16 69 13-Sep-23 13-Sep-33 KL 18 289959 2125 94.8 F w
A69-9001-57394 V16 69 21-Sep-23  21-Sep-33 M 131 276882 193 61.4 F W
A69-9001-57385 V16 69 27-Sep-23  27-Sep-33 KL 121 289968 195 63 F W
A69-9001-49372 V16 69 11-Oct-23 11-Oct-33 CB 8 289975 235 94 F W

'"KL=Kootenay Lake, M=Mainstem of Kootenay River, CB= Crawford Bay, WA= West Arm
3Sex: F=Female, M=Male
4Origin: H=Hatchery, W=Wild and U=Unknown
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Appendix Table 9. Angling and set line effort in the BC lower Kootenay River and Kootenay Lake
in 2020 through 2023.

Water Water Avg.
temp. temp. water Total Total# CPUE
Year Method =~ Season  Dates mean range depth hours WSG (#/hour)
(°C) (°C) (m)
Sep 23-
AB Fall Oct 7 13.8 11.5-16 164 18.5 13 0.7
July 15- 13.6-
2020 Summer 22 15 15.7 18.6 170 24 0.1
Sep 8- 13.5-
SL Fall Oct 14 15.8 18.1 16.9 1,154.80 103 0.1
Total 1,343.30 140
Apr 19-
Spring 21 8.1 7.5-84 11 1.7 0 0
Sep Oct
AB Fall 5 13.2 13-15 14.8 8.2 28 3.4
2021 Spring Apr6-20 6.6 56-7.7 215 418.8 18 0
Sep
SL Fall 15,0ct5 14.5 12.9-16 18.2 958.5 91 0.1
Total 1,387.20 137
Sep 12- 12.6-
AB Fall Oct 17 14.7 18.1 13.3 12.5 17 1.4
2022 Sep 12-
SL Fall Oct 18 16.2 14.9-18 12.3 1,194.30 98 0.08
Total 1,206.80 115
Sep 11- 12.7-
AB Fall Oct 13 16.3 18.7 18.6 54.7 149 2.7
2023 Sep 10-
SL Fall Oct 19 14.6 13.5-16 12.5 1,192.30 109 0.09
Total 1,247.00 258
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Appendix Table 10. Summary of fin ray aging for wild Kootenay White Sturgeon in BC

2020-2023.

Fork

Length  Weight Ageon Brood Capture
Date WSGID RKM (cm) (cm) Capture Year Status
05-Aug-20 276595 18 86.6 99.7 21 1999 New Wild
05-Aug-20 276598 18 86.6 99.7 12 2008 New Wild
20-Aug-20 276629 120 74.3 85.5 12 2008 New Wild
24-Sep-20 276671 18 94 108 14 2006 New Wild
20-Jul-21 276683 130 34.2 39.6 unk unk New Wild
21-Jul-21 276690 145 37.7 0.29 ~9 2012 New Wild
28-Jul-21 276947 122 64.2 73.5 12 2009 New Wild
28-Jul-21 276966 122 37.3 43.1 8 2013 New Wild
16-Aug-21 277019 120 81.5 3.78 16 2005 New Wild
12-Sep-22 289726 18 119.9 12 29 1993 New Wild
28-Jul-23 289915 118 63.5 74 8 2015 New Wild

Appendix Table 11. Coefficients from all seven von Bertalanffy growth models.

Age group

<15 years
old

215 years

Habitat type

All habitats
combined

River

L-R Transition

Lake

Combined

River

Lake and L-R
transition area

Model coefficients

(95% Cls)
Linf

85.649 (81.412 - 90.92)

69.574 (66.816 - 72.933)

97.697 (87.617 -

117.992)

148.741 (126.294 -

193.13)

146.586 (127.14 -

192.02)

148.216 (120.451 -

249.757)

334.275 (194.336 - NA)

K

0.067 (0.06 - 0.075)

0.078 (0.07 - 0.087)
0.089 (0.059 - 0.12)

0.038 (0.026 - 0.051)

0.07 (0.04 - 0.103)

0.055 (0.022 - 0.09)

0.021 (-0.017 -

0.062)

to
-4.101 (-4.439 - -3.791)

-4.643 (-5.007 - -4.31)
-2.502 (-3.867 - -1.542)

-5.032 (-5.999 - -4.238)

7.141 (4.967 - 8.651)

6.462 (3.497 - 8.359)

2.309 (-6.578 - 6.13)
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Appendix 4. Maps of study designs
k ":
'.KROLD\\__.\ & i
20 km

RKM18 Rardedu '
Deiltd
 il——
0O 5 10
| I T — |
\

Kaslo

Montana

Washington Idaho
4
w
Legend &7 RKM2445
®  Vemco receiver location E:
¥ Select RKM for reference 9 RKM 305
—— River or creek o
£ |
Appendix Figure 1. Map of all mainstem river and lake Innovasea receiver (VR2W and

VR2TXx) locations in Kootenay River and Lake as of 2023. The 2020 and 2021 BC
juvenile White Sturgeon gill net sampling site locations are in the inset maps.
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Gill Net Sample Locations 2022
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Appendix Figure 2. 2022 GRTS gill net sampling site locations.
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2023 White Sturgeon GRTS Gill Net Study Design
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Appendix Figure 3. 2023 GRTS gill net sampling locations.
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Appendix Figure 4. 2024 GRTS gill net sampling locations.
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2025 White Sturgeon GRTS Gill Net Study Design
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Appendix Figure 5. 2025 GRTS gill net sampling locations.
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Appendix Figure 6. 2026 GRTS gill net sampling locations.
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2023.White Sturgeon GRTS Set Line Study Design
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Appendix Figure 7. 2023 GRTS set line sampling locations.
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2024 White Sturgeon GRTS Set Line Study Design
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Appendix Figure 8. 2024 GRTS set line sampling locations.



2025 White Sturgeon GRTS Set Line Study Design
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Appendix Figure 9. 2025 GRTS set line sampling locations.
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Appendix Figure 10. 2026 GRTS set line sampling locations.
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Appendix 5. Maps of catch by method site and year.
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Appendix Figure 11. Gill net sampling catch 2020.
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Appendix Figure 12. Gill net sampling catch 2021.
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Appendix Figure 14. Gill net sampling catch 2023.
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Appendix Figure 16. Set line and angling sampling catch 2021.
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Appendix Figure 17. Set line and angling sampling catch 2022.
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Appendix Figure 18. Set line and angling sampling catch 2023.
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