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1. INTRODUCTION

Ongoing monitoring of Koocanusa Reservoir indicates ovary Se concentrations from some
northern pikeminnow (NPM; Ptychocheilus oregonensis) collected from the Canadian side of the
Reservoir were above both the 11 mg kg dry weight (dw) egg Se guideline established by the
British Columbia Ministry of the Environment and Climate Change Strategy (BC ENV, 2014)
and the 15.1 mg kg™ dw egg Se criteria established by the U.S. Environmental Protection
Agency (USEPA, 2016). However, the sensitivity of NPM to Se is currently unknown and so
the ecological risk posed by observed egg Se concentrations is uncertain. Further, historical
ovary Se concentrations were collected from unripe fish (i.e., not in spawning condition) and the
influence of gonadal maturation stage on egg Se concentrations is uncertain. The following
presents results from a study to characterize the influence of gonadal maturation stage, fish size,
and fish sampling location on ovary Se concentrations in NPM collected from Koocanusa
Reservoir.

Efforts to also conduct a toxicity test evaluating the effects of maternally transferred Se on
NPM embryo-larval development were unsuccessful in 2019 due to the inability to collect a
sufficient number of female fish in spawning condition. As such, this test is not discussed further
in this report.

2. BACKGROUND

Northern pikeminnow are distributed throughout the Pacific drainages as far north as the
Nass River drainage in BC, Canada to the Columbia River drainage in the U.S. They are most
common along sandy, cobble, gravel, boulder or bedrock shorelines during summer and deeper
waters during winter (Scott and Crossman 1973, Coker et al. 2001). Northern pikeminnow are
late spring-summer spawners, typically spawning when water reaches 14-18 °C with males
generally present in larger congregations on breeding grounds over gravel and cobble shallows
(Gadomski et al., 2001). Females may have multiple spawning bouts with more than one male
throughout the season. Eggs hatch after 8-10 days at 15-17 °C (Coker et al., 2001; Gadomski et
al., 2001; Scott and Crossman, 1973).

Koocanusa Reservoir was formed by Libby Dam, located 30 km northeast of Libby,
Montana at river mile 221.9 of the Kootenai River!. The reservoir is 145 km long, of which
68 km are in BC, Canada. The predominant source of water to the reservoir is the Kootenay
River, of which the Elk River is a tributary. Northern pikeminnow are resident to Koocanusa
Reservoir and have been sampled for ovary and muscle Se in BC, Canada and Montana (MT),
U.S. over the last 11 years.

1. The Kootenay River is referred to as the ‘Kootenai River’ in the U.S.
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Monitoring data indicate NPM ovary Se concentrations on the MT side of the reservoir have
low variability within and across sampling years compared to fish collected from the BC side of
the reservoir (Figure 1). Some fish collected on the BC side of the reservoir are above both the
BC ENV guideline and the USEPA fish egg Se criteria of 11 and 15.1 mg kg™ dw, respectively.
These data also indicate ovary Se concentrations in fish collected from the BC side of Koocanusa
Reservoir appear to be significantly (p<0.05) higher than those collected from the U.S. side.
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Figure 1. Ovary Se concentrations on the Montana (MT) and British Columbia (BC)
sides of Koocanusa Reservoir (2008-2018). Box plots represent mean, quartiles,
maximum and minimum values. Dashed lines indicate BC ENV (11 mg kg dw) and
USEPA (15.1 mg kg dw) egg Se guidelines. Different letters indicate significant
differences (p<0.05).

There are several potential biases in the data collected to date that complicate the
interpretation of differences in NPM ovary Se data. First, NPM typically reach spawning
condition when they have a gonado-somatic index (GSI) of 8-12% (Gray and Dauble, 2001;
Petersen and Ward, 1999). While GSI data are not available for fish caught in MT, only a single
female on the BC side of the reservoir has been collected with a GSI in this range. The impact of
collecting unripe ovaries on observed ovary Se concentrations is unknown, but much of the
variability in ovary Se concentrations in the existing BC data is associated with a GSI <2%.
Further 55% of ovaries collected from fish with a GSI <2% are above the BC ENV egg Se
guideline of 11 mg kg dw, while only 7% of ovaries collected from fish with a GSI >2% are
above this guideline (Figure 2).
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Figure 2. Relationship between ovary Se and GSI for northern pikeminnow collected on
the BC side of Koocanusa Reservoir.

Second, there is a significant relationship between fish size and ovary Se concentrations
(Figure 3A), and fish collected on the BC side of the reservoir tend to be smaller than those
collected in MT (see Figure 3B). Collection of smaller fish on the Canadian side of the reservoir
may be the result of sampling bias as fish collection has been restricted to angling, while on the
MT side of the reservoir fish are collected using gill nets.
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Figure 3. Relationship between ovary Se and fish length (A) and fish length distributions
(B) for northern pikeminnow collected from Koocanusa Reservoir. Box plots represent
mean, quartiles, maximum and minimum values. * = significant difference in the MT fish
length compared to the BC fish lengths (p<0.001).

Overall, these observations suggest data collected to date on NPM ovary Se concentrations
may be biased. However, this conclusion is uncertain due to the lack of ovary Se data in ripe
fish, along with associated size and GSI data. Regardless of potential biases in historical ovary
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Se sampling, the sensitivity of NPM to maternally transferred Se is not known. The original
objectives of this study were to address both of these uncertainties.

3. OBJECTIVES AND STUDY DESIGN OVERVIEW

This study originally had two objectives:

1) To determine the effects of Se on early life stages of NPM across a range of maternally-
derived egg Se concentrations; and

2) To evaluate the relationship between ovary Se concentrations and ovary development, fish
size, and sampling location.

As discussed above, the inability to collect a sufficient number of female fish in spawning
condition resulted in the first objective not being achieved. However, the extended effort to
collect female fish in spawning condition lead to the collection of a large number (n=79 on the
BC side of the reservoir) of samples for ovary Se analysis in support of the second objective. To
achieve the second objective, the study had the following key elements:

1) Prior to NPM reaching spawning condition, unripe ovaries/eggs and muscle were
collected and GSI measured in sexually mature females (30-60+ cm) to provide
information on the relationships between ovary Se, GSI, fish size, and sampling location.
As described earlier, historical data indicated fish size and sampling might influence egg
Se concentrations, though these potential relationships may be confounded by other
variables. The home range of NPM within the reservoir is unknown and so the extent to
which ovary Se may reflect exposure to local Se sources (e.g., the Elk River) is also
unknown. The developmental stage of a subset of ovaries were also characterized using
histological techniques.

2) Attempts were made to collect a gradient of egg Se concentrations from ripe fish by
collecting adult NPM of varying size (30-60+ cm) from several locations in Koocanusa
Reservoir. This was ultimately unsuccessful but led to the collection of an increased
number of ovary samples for Se analysis.

4. FIELD SAMPLING

Details of the field sampling strategy and methods employed are provided in the NPM Study
Plan (EcoTox et al., 2019) and summarized here.

4.1 Sampling Strategy

There were originally two phases to the NPM field sampling program. In Phase 1 (beginning
June 14, 2019), female NPM were collected from the BC side of the reservoir prior to reaching
spawning condition to further characterize the effects of GSI, fish size, and sampling location on
ovary Se concentrations as well as monitor spawning condition of the fish. Phase 2 sampling was
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intended for once NPM reached spawning condition, and would involve collecting both male and
female fish for the Se toxicity study. As only a few ripe fish were collected, Phase 2 sampling
was never realized.

Although not explicitly part of this study, there was also an additional NPM sampling effort
on the Montana side of the reservoir. In this effort (May 15, 2019), 15 female NPM were
collected from Rexford in collaboration with personnel from Montana DEQ. This effort was
made to ensure GSI data were collected and they represent the only fish from the Montana side
of the reservoir for which GSI data are available.

Mature NPM were collected from various locations in Koocanusa Reservoir (BC side) using
multiple sampling methods, consistent with scientific fish collection permit conditions and
detailed in the NPM Study Plan (EcoTox et al., 2019). Six locations in Koocanusa Reservoir
were initially identified in the study plan, but ultimately 10 locations were sampled in an attempt
to collect additional females in spawning condition for the Se toxicity study (Figure 4). Sampling
in these areas focused on inlets based on the assumption that NPM would congregate in these
areas prior to moving upstream to spawn.

4.2 Sampling Methods

Northern pikeminnow were captured using multiple methods subject to and consistent with
fish collection permit conditions. Short-set gill nets (starting with a maximum set time of 20
minutes) were used to reduce fish mortalities (Buchanan et al., 2002). Gill netting was
anticipated to be the most efficient capture method and both cotton and monofilament 3-5” mesh
nets were deployed. Short set times were used to avoid stress to both NPM and by-catch,
particularly as species of concern, bull trout (Salvelinus confluentus) and westslope cutthroat
trout (Onchorhynchus clarki lewisi) are present in the reservoir. Three foot-diameter hoop nets
were deployed and left to fish overnight (i.e., approximately 24 h). Cod pot traps were an
additional capture method used, but not originally considered in the study plan. They function
similarly to a minnow trap but on a larger scale (65 long x 40” wide, with 4” opening). These
traps sit on the bottom substrate similar to the hoop net but sample a smaller area. Cod traps are
quicker to deploy and pull; but are more difficult to transport as the metal frame cannot be
collapsed. Similar to hoop nets, these traps were deployed and left to fish overnight
(approximately 24 h). Angling was conducted from sampling boats. Angling was mainly
employed between gill net sets as it has much lower catch per unit effort (CPUE) and often
targets smaller individuals. Angling was also employed to scout the lower Elk River below the
Elk River bridge at Kootenay Hwy 93. All fish captured were identified to species, enumerated,
and all non-target individuals were released alive at the point of capture.

Northern pikeminnow sampled during Phase 1 were sacrificed by a decisive blow to the
head. Fish processing and handling for tissue sampling was consistent with provincial guidelines
(BC ENV, 2016).
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Figure 4. Northern Pikeminnow Sampling Areas on the Canadian Side of Koocanusa
Reservoir.
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