KOOTENAI RIVER RESIDENT FISH MITIGATION:
WHITE STURGEON, BURBOT, NATIVE SALMONID
MONITORING AND EVALUATION
Annual Progress Report
May 1, 2015 — April 31, 2016

BPA Project # 1988-065-00
Report covers work performed under BPA contract # 68393
IDFG Report Number 17-03
March 2017
This report was funded by the Bonneville Power Administration (BPA),
U.S. Department of Energy, as part of BPA's program to protect,
mitigate, and enhance fish and wildlife affected by the development
and operation of hydroelectric facilities on the Columbia River and its
tributaries. The views in this report are the author's and do not
necessarily represent the views of BPA.
This report should be cited as follows: Rust et al. 2017. Report for
5/1/2015 – 04/30/2016.

TABLE OF CONTENTS
Page
CHAPTER 1.1: KOOTENAI STURGEON MONITORING AND EVALUATION ............................1
ABSTRACT .................................................................................................................................1
INTRODUCTION ........................................................................................................................2
GOAL..........................................................................................................................................2
OBJECTIVE ................................................................................................................................2
STUDY SITE...............................................................................................................................2
METHODS ..................................................................................................................................3
Water Levels, Discharge, and River Temperature ....................................................................3
Adult Kootenai Sturgeon Sampling...........................................................................................3
Adult Kootenai Sturgeon Telemetry..........................................................................................4
Substrate Enhancement Pilot Projects .....................................................................................4
Habitat Selection ...................................................................................................................5
Spawning Occurrence ...........................................................................................................5
Hatching Success .................................................................................................................6
Juvenile Kootenai Sturgeon Sampling ......................................................................................6
RESULTS ...................................................................................................................................7
Water Levels, Discharge, and River Temperature ....................................................................7
Adult Kootenai Sturgeon Sampling...........................................................................................7
Adult Kootenai Sturgeon Telemetry..........................................................................................8
Substrate Enhancement Pilot Projects .....................................................................................8
Habitat Selection ...................................................................................................................8
Spawning Occurrence ...........................................................................................................8
Hatching Success .................................................................................................................8
Juvenile Kootenai Sturgeon Sampling ......................................................................................9
DISCUSSION..............................................................................................................................9
RECOMMENDATIONS .............................................................................................................11
TABLES ....................................................................................................................................12
FIGURES ..................................................................................................................................20
Chapter 1.2: Kootenai River White Sturgeon movement analyses ............................................ 27
ABSTRACT ...............................................................................................................................27
Introduction ...............................................................................................................................28
METHODS ................................................................................................................................28
River System and Strata ........................................................................................................28
Sturgeon Movements .............................................................................................................28
Multistate Model .....................................................................................................................29
RESULTS and Discussion ........................................................................................................29
FIGURES ..................................................................................................................................34
CHAPTER 2: BURBOT MONITORING AND EVALUATION .....................................................39
ABSTRACT ...............................................................................................................................39
INTRODUCTION ......................................................................................................................40
GOAL........................................................................................................................................41
OBJECTIVES ...........................................................................................................................41
i

STUDY AREA ...........................................................................................................................41
METHODS ................................................................................................................................42
Burbot Hoopnet Sampling ......................................................................................................42
Burbot Stocking ...................................................................................................................42
Mainstem Hoopnet Sampling ..............................................................................................42
Tributary Release Monitoring .................................................................................................42
Burbot Survival, Movement, and Habitat Use in Deep Creek, Idaho....................................... 43
Potential Effects of Water Temperature on the Egg Hatching Success, Larval
Development, and Larval Survival of Burbot .....................................................................43
Main-stem Larval Sampling ....................................................................................................44
RESULTS .................................................................................................................................44
Burbot Hoopnet Sampling ......................................................................................................44
Tributary Release Monitoring .................................................................................................45
Burbot Survival, Movement, and Habitat Use in Deep Creek, Idaho....................................... 46
Potential Effects of Water Temperature on the Egg Hatching Success, Larval
Development, and Larval Survival of Burbot .....................................................................46
Main-stem Larval Sampling ....................................................................................................46
DISCUSSION............................................................................................................................46
Burbot Hoopnet Sampling ......................................................................................................46
Main-stem Hoopnet Sampling .............................................................................................46
Tributary Release Monitoring .................................................................................................48
Burbot Survival, Movement, and Habitat Use in Deep Creek, Idaho....................................... 48
Potential Effects of Water Temperature on the Egg Hatching Success, Larval
Development, and Larval Survival of Burbot .....................................................................48
SUMMARY ...............................................................................................................................48
RECOMMENDATIONS .............................................................................................................49
TABLES ....................................................................................................................................50
FIGURES ..................................................................................................................................53
CHAPTER 3: NATIVE SALMONID MONITORING AND EVALUATION .................................... 63
ABSTRACT ...............................................................................................................................63
INTRODUCTION ......................................................................................................................64
RESEARCH GOAL ...................................................................................................................65
OBJECTIVES ...........................................................................................................................65
STUDY AREA ...........................................................................................................................66
METHODS ................................................................................................................................67
Fish Community Assessment .................................................................................................67
Abundance, Biomass, and Relative Weight .........................................................................67
Population Status ...................................................................................................................68
Growth, Mortality, and Recruitment of Largescale Suckers and Mountain Whitefish .............. 68
Otolith Microchemistry: Natal Origins of Catchable Rainbow Trout......................................... 69
Phase 1 .........................................................................................................................69
Phase 2 .........................................................................................................................70
Statistical Analysis .................................................................................................................70
RESULTS .................................................................................................................................70
Fish Community Assessment .................................................................................................70
Abundance, Biomass, and Relative Weight .........................................................................70

ii

Abundance (CPUE) .......................................................................................................71
Abundance (CPUE) .......................................................................................................71
Biomass (BPUE) ...........................................................................................................71
Biomass (BPUE) ...........................................................................................................71
Relative Weight (Wr) ......................................................................................................71
Relative Weight (Wr) ......................................................................................................71
Population Status ...................................................................................................................72
Growth and Recruitment of Largescale Suckers and Mountain Whitefish............................... 72
Largescale Sucker .........................................................................................................72
Mountain Whitefish ........................................................................................................72
Otolith Microchemistry Study: Natal Origins of Catchable Rainbow Trout............................... 73
DISCUSSION............................................................................................................................74
Fish Community Assessment .................................................................................................74
Abundance, Biomass, and Relative Weight .........................................................................74
Growth and Recruitment of Largescale Suckers and Mountain Whitefish............................... 76
MANAGEMENT RECOMMENDATIONS...................................................................................80
TABLES ....................................................................................................................................81
FIGURES ..................................................................................................................................87
ACKNOWLEDGMENTS..........................................................................................................102
LITERATURE CITED ..............................................................................................................103
2016 BIOP REPORT...............................................................................................................114

iii

CHAPTER 1.1: KOOTENAI STURGEON MONITORING AND EVALUATION
ABSTRACT
Kootenai River White Sturgeon were listed as endangered in 1994 due primarily to
recruitment failure. This population had been declining for at least 40 years and natural
reproduction has been insignificant since 1974. Libby Dam, completed in 1972, drastically
changed the Kootenai River ecosystem by disrupting the natural flow regime and altering
seasonal and daily water temperatures. Idaho Department of Fish and Game is funded through
Bonneville Power Administration to monitor and evaluate the effects of mitigation flows from
Libby Dam on all life stages of Kootenai Sturgeon and to provide recommendations for recovery
to action agencies. The objective of these studies is to determine how current Dam operations
influence recruitment, survival, and behavior. The Kootenai Sturgeon flow augmentation in 2015
included a single peak, to maximize the use of a very limited water supply to improve Kootenai
Sturgeon spawning and migration conditions. Adult Kootenai Sturgeon were Vemco tagged in
fall 2014 and spring 2015 to test flow augmentation effects on migration extent and to collect
initial movement data on habitat enhancement projects near Shorty’s Island and Myrtle Creek.
Based solely on movement extent, 24 percent of the spawning group of Kootenai Sturgeon
moved above Bonners Ferry in 2015, which is below the four-year average. To improve
spawning and incubation habitat, two substrate enhancement pilot projects were constructed in
winter 2014 near Shorty’s Island and Myrtle Creek. In 2015, we evaluated adult Kootenai
Sturgeon habitat use, spawning distribution, and larval hatching successes on, or resulting from
these habitat enhancement projects. Results indicate Kootenai Sturgeon are using and
spawning on the new habitat, but successful larval recruitment was not documented in 2015.
Hatchery produced juvenile Kootenai Sturgeon densities continue to increase with 2015 having
the highest catch and catch per unit effort since monitoring began. The hatchery population is
well distributed throughout the Kootenai River and Kootenay Lake and many age classes are
represented.
Authors:

Pete Rust
Sr. Fishery Research Biologist
Idaho Department of Fish and Game

Virginia Wakkinen
Sr. Fishery Technician
Idaho Department of Fish and Game
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INTRODUCTION
The Kootenai River White Sturgeon Acipenser transmontanus (hereafter Kootenai
Sturgeon) population is comprised mainly of old adults and significant recruitment has not
occurred since the 1970s. Although the specific causes of recruitment failure remain unclear,
years of study suggest that mortality occurs primarily between egg and larval stages. Over a
decade of artificial substrate mat sampling has indicated that from nine to 20 spawning events
occur annually, and many viable embryos are produced (Paragamian et al. 2002). Most postLibby Dam spawning events are in areas where substrate conditions are unsuitable for egg
incubation and larval rearing (Paragamian et al. 2001). Only three larvae and relatively few wild
juveniles have been collected despite years of intensive sampling. Research to date suggests
that egg and/or larval suffocation, predation, and/or other mortality factors associated with these
early life stages contribute to persistent recruitment failure (Kock et al. 2006). Hatchery-reared
juveniles (as young as nine months of age at release) have average annual growth rates of 6.4
cm per year, and second year survival rates exceed 90% (Ireland et al. 2002). Growth and
survival of hatchery juveniles released at a minimum of age-one further suggest that mortality
occurs at the egg, embryonic, or larval stage. To improve spawning conditions for Kootenai
Sturgeon embryos and larvae, Libby Dam has been operated to provide increased spring
discharge (>630 m3/s or 22,248 ft3/s for 42 d at Bonners Ferry) since 1991, when water supplies
are suitable.

GOAL
To recover the Kootenai Sturgeon population to a level that is self-sustaining and can
provide sportfishing opportunity to the public.

OBJECTIVE
To provide suitable spawning, rearing, and incubation habitat for Kootenai Sturgeon for
successful wild recruitment. The main task of this program is to evaluate the response of all life
stages of Kootenai Sturgeon to flow augmentation from Libby Dam provided by the U.S. Army
Corps of Engineers (Corps) as well as habitat improvements designed to increase hatching and
rearing success.
STUDY SITE
The Kootenai River originates in Kootenay National Park, British Columbia (BC),
Canada. The river flows south into Montana and turns northwest at Jennings, near the site of
Libby Dam, at river kilometer (rkm) 352.4 (Figure 1.1.1). Kootenai Falls, 42 rkm downstream of
Libby Dam, may be an impassable barrier to Kootenai Sturgeon. As the river flows through the
northeast corner of Idaho, there is a gradient transition at Bonners Ferry. Upstream from
Bonners Ferry, the channel has an average gradient of 0.6 m/km, and the velocities are often
higher than 0.8 m/s. Downstream from Bonners Ferry, the river slows to velocities typically less
than 0.4 m/s (average gradient 0.02 m/km), and the channel deepens as the river meanders
north through the Kootenai River Valley. The river returns to BC at rkm 170.0 and enters the
South Arm of Kootenay Lake at rkm 120.0. The river exits through the West Arm of Kootenay
Lake and joins the Columbia River at Castlegar, BC. A natural barrier at Bonnington Falls (now
a series of four dams) has isolated the Kootenai Sturgeon from other populations in the
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Columbia River basin for approximately 10,000 years (Northcote 1973). The basin drains an
area of 49,987 km2 (Bonde and Bush 1975). Regulation of the Kootenai River following the
construction of Libby Dam in 1974 changed the natural hydrograph and temperatures of the
river (Partridge 1983). Spring flows were reduced to about one third of pre-dam levels, and
flows during winter are three to four times higher than under the natural flow regime (Figure
1.1.2). Post-dam water temperatures are cooler in summer and warmer in winter.
METHODS
Water Levels, Discharge, and River Temperature
A System Operations Request (SOR) FWS#2014-1 was submitted to the Corps’ regional
multiagency/entity Technical Management Team (TMT). The team determined the specific
shape, timing, and volume of Kootenai Sturgeon augmentation flow from Libby Dam during the
Kootenai Sturgeon spawning season. This SOR was based on the United States Fish and
Wildlife Service’s (USFWS) February 2006 Biological Opinion (USFWS 2006) on operations
of Libby Dam, and the volume runoff forecasts for 2015. W ith cooperation with members of
the Kootenai River White Sturgeon Recovery Team (KRWSRT), the USFWS submitted specific
details, justifications, and biological opinion success criteria, which are provided at
http://www.nwd-wc.usace.army.mil/tmt/sor/2015/0506_2015_USFWS_Libby_sturgeon_SOR.pdf
The intent of these SORs was to maintain higher, more stable summer discharges to the
extent possible with the available water to meet Kootenai Sturgeon and Bull Trout Salvelinus
confluentus ESA responsibilities (USFWS 2006) and to attempt to mimic a more natural river
hydrograph (under VarQ regime). Another objective of the SOR is to provide spawning and
incubation flows to meet attributes for water depth, water velocity, and water temperature in the
Kootenai River as defined in the 2006 Biological Opinion RPA for Kootenai Sturgeon (USFWS
2006). An additional objective of this SOR is to improve conditions for spawning sturgeon to
migrate upstream of Bonners Ferry into the braided reach (above rkm 246). We obtained
Kootenai River stage, discharge, and water temperature data at Bonners Ferry from the Corps
(Figure 1.1.3).
The 2015 April to July Kootenai River (in Montana) stream flow forecast, which includes
the Kootenai Sturgeon spawning season, was predicted to be 92% of average. Snow water
equivalents in April 2015 were below average and 49% of 2014 levels. For the Kootenai Basin
in Montana, discharges were expected to be below for 2015. For details see http://www.nrcs.
usda.gov/wps/portal/nrcs/detail/mt/home/?cid=nrcseprd336575.
Adult Kootenai Sturgeon Sampling
Adult Kootenai Sturgeon were collected by angling and setlining from March through
October 2015 following the methods of Paragamian et al. (1996). From March through April,
most of the sampling occurred in the staging areas between rkm 200 and 215. These areas are
backwater habitats and have depths in excess of 20 m and low current velocities (<0.05 m/s).
Later in the spring, areas closer to documented spawning locations (near and above rkm 229)
were sampled more frequently. Fall sampling in 2015 occurred near the Kootenay River delta in
BC at rkm 120 and in Idaho above rkm 200. To determine sex and level of maturity, adult
sturgeon were biopsied following the methods of Conte et al. (1988), and Van Eenennaam and
Doroshov (1988). Male and female Kootenai Sturgeon expected to spawn each spring were
tagged with Vemco model V16 sonic transmitters and released (see telemetry section). Working
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in cooperation with the Kootenai Tribe of Idaho (KTOI), some gravid female Kootenai Sturgeon
expected to spawn during spring 2015 were transported to the KTOI Hatchery for hatchery
production. Gametes from ripe male Kootenai Sturgeon were collected in the field by extraction
through the urogenital opening with a syringe. Gametes were placed in a Ziploc® bag,
transported to the KTOI Hatchery, and stored in a refrigerator. Kootenai Sturgeon sperm is
viable for only 48 hours after extraction, so male gametes were only collected when a female
was in the hatchery and had been induced to ovulate.
Adult Kootenai Sturgeon Telemetry
Monitoring daily and seasonal spawning movements of Kootenai Sturgeon throughout
the Kootenai River/Kootenay Lake system using passive telemetry continued to be a high
priority of this investigation. Beginning in 2003 and continuing to the present, we maintained an
array of 89 Vemco model VR2 and VR2W sonic receivers located from rkm 18.0, near the
mouth of the Lardeau River in Kootenay Lake, BC, upstream to rkm 306, near the “Sturgeon
hole” in Montana, below Kootenai Falls (Figure 1.1.4). Receivers were located in areas where
fish pass through but do not usually hold for long periods to avoid redundant data collection.
Most sites were below river bends or along straight reaches that allow for good signal reception
but were reasonably free of drifting debris and at low risk of potential vandalism. We tethered
each receiver to an anchored float, chained to the riverbank, to keep the hydrophone off the
substrate (Neufeld and Rust 2009). We downloaded receivers in late winter, prior to the
spawning season, and again in the fall. Data from receivers were stored in .vrl file format in VUE
(Vemco) and imported into a Microsoft Access™ database for analysis. This array allows
continuous monitoring of sturgeon movements within the Kootenai River system and into
Kootenay Lake.
Substrate Enhancement Pilot Projects
Kootenai Sturgeon spawn primarily between rkms 228 and 240.5 (Paragamian et al.
2002). This reach is comprised primarily of sand, silt, and clay substrate (Fosness 2013),
conditions that, at least recently, are unsuitable for successful early life stage recruitment. Other
White Sturgeon populations in the Columbia basin spawn specifically over some combination of
rock and gravel (Parsley et al. 1993). Because of the lack of suitable spawning and early lifestage supporting substrate in this meander reach, one recommendation from the Kootenai River
Recovery Implementation Plan proposed “adding rock substrate in the current spawning areas
and evaluating its role in providing suitable spawning and incubation conditions.”
In April 2010, under the authority provided by the Continuing Authorities Program,
Section 1135, the Corps, in cooperation with the KTOI, initiated a feasibility study to “identify
and implement cost-effective, self-sustaining ecosystem restoration actions to improve
ecosystem function and habitat attributes for the early life stage survival of the ESA-listed
Kootenai Sturgeon” (USACE 2012). The Corps’ feasibility study recommended a substrate
enhancement pilot project (SEPP) at two locations, Shorty’s Island South and Myrtle Creek. In
2013, KTOI continued the implementation of the SEPP at two sites in the meander reach. The
objective of the SEPP was to test “the sustainability and effectiveness of placing rock substrate
over existing clay surfaces in two sub-reaches of the river where wild Kootenai Sturgeon
currently spawn” (KTOI 2013). Construction of the SEPPS was completed in winter 2014.
In 2015, we monitored the biological responses of Kootenai Sturgeon during three life
stages to evaluate if the SEPPs quantitatively changed: 1) habitat selection by spawning

4

females, 2) incidence of spawning on the projects, and 3) hatching success of eggs deposited
on the site.
Golder and Associates was contracted to provide statistical analysis of this first year
dataset on habitat use by tagged sturgeon. A final report will be available after three years of
data collection, the final year being the 2017 field season. Field methods for the evaluation of
the SEPPs are described below.
Habitat Selection
To determine habitat usage by adult spawning sturgeon on the Shorty’s Island and
Myrtle Creek SEPPs in 2015, we incorporated a Vemco VR2W Positioning System (VPS)
system. VPS is a low-cost, non-real-time underwater acoustic fine-scale positioning system,
using the same off-the-shelf equipment used in our passive telemetry array. Initial set up of the
VPS system involved placing six VR2W receivers in a grid of equidistant triangles and squares
to ensure that at least three receivers detected every tag transmission. Ideally, the area of
interest is covered with enough receivers to ensure that tagged sturgeon are always inside of a
triangle of receivers, and in this study receivers were placed close enough together to maximize
the overlap in detections among receivers. Synchronization tags were moored along with each
receiver (co-located) to correct for clock drift between submerged receivers. We placed
additional reference tags within the receiver grid in known locations to measure system
performance. We used a Trimble Juno 3D and differentially correct positions which allowed
accuracies in receiver deployments of up to 15 cm which may improve post-processed sturgeon
position accuracies to less than 5 meters.
The first phase of the monitoring plan included tagging 12 adult female sturgeon (stage
F4) with specialized Vemco V16 transmitters (V16TP-6X) that included a depth sensor for
increased position accuracy and a temperature sensor to account for speed of sound in water
variability. Tagging sturgeon with these V16TP tags began in the fall of 2014, and sampling
effort intensified in early spring 2015. Prior to the study, we had at least 90 sturgeon with active
telemetry transmitters (V16 transmitters without the depth component) which were also
compatible with the VPS system, although less accurate.
On a periodic basis, we sent receiver data to VEMCO to determine if the system was
functioning properly and for position resolution. After VR2W receiver data was collected at the
end of the study, VEMCO provided a final report of calculated positions. For most studies,
expected position accuracy is similar to that provided by the GPS standard positioning service:
95% of positions within a 15-metre error circle.
Spawning Occurrence
We used artificial substrate mats (McCabe and Beckman 1990) to compare Kootenai
Sturgeon spawning on and off the SEPPs to determine if adult spawning females were using the
substrate additions in a higher proportion. We sampled Shorty’s Island and Myrtle Creek in a
systematic design using 21 mats at each site (Hardy et al. 2016). Seven mats were deployed in
three independent treatment locations including one on each habitat enhancement site (Strata
1) and two control locations. Location of the first control site (Strata 2) was approximately 500 m
downstream of the substrate enhancement site in an area that has traditionally yielded eggs and
has similar physical conditions to the treatment site. An additional control site (Strata 3) was on
river left, 150 m downstream of the treatment site in an area where few eggs were collected in
the past. Total area sampled within the treatment reach and at the two control sites were
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identical. Designs are similar for both the Shorty’s Island and Myrtle Creek SEPP sites (Hardy et
al. 2016). Crews sample mats twice per week and all eggs were stored in formalin and brought
back to the laboratory for analysis. All eggs were staged by viewing at 120X magnification under
a dissecting microscope to estimate spawn date by the methods described by Beer (1981).
More details of the substrate sampling methods are available in Rust and Wakkinen (2010).
Hatching Success
Hatching success was determined through extensive larval sampling around the Shorty’s
Island and Myrtle Creek SEPP sites and occurred concurrently with egg mat sampling. We
continued the larval sampling design of Crossman and Hildebrand (2014) for the duration of this
study. Two nets were paired on a metal frame with each net being 80 cm wide X 60 cm high
with 1.6 mm net mesh. We anchored each frame independently to the substrate and retrieved
them from the boat without moving the anchor. We replaced the collection bucket carrying the
debris with a clean bucket, and sorted the bucket with the debris on the riverbank. In 2015, we
sampled two pairs of frames (four nets per site) above and below each SEPP and one pair of
nets in the lower end of the straight reach near Bonners Ferry (near rkm 245.0). Sampling
started about 10 days after we collected the first eggs. Sampling efficiency and duration was a
function of river conditions (debris and flow) and sampling effort and duration increased as the
hydrograph receded and debris load reduced. Full 24 h sets began once drifting debris is at a
low enough level to allow nets to fish the entire night period without debris fully saturating the
net holding capacity.
Juvenile Kootenai Sturgeon Sampling
We used weighted multifilament gill net with 2.5, 5.1, and 7.6 cm stretch mesh to sample
juvenile and young-of-the-year (YOY) sturgeon. The purpose of this sampling was to evaluate
natural recruitment, as well as distribution, densities, growth, and mortality rates of both
hatchery and wild juveniles. We followed the sampling methodologies provided in Ross et al.
(2015). Gill nets were set during the daytime and checked every hour to reduce mortality and all
sturgeon were released alive.
From 1992 to 2004, prior to release, each hatchery reared sturgeon received a passive
integrated transponder (PIT) tag and a pattern of scutes were removed either at the KTOI
hatchery or at the Kootenay Trout and Sturgeon Hatchery located in Ft. Steele, BC, (operated
by the Freshwater Fishery Society of BC as the backup facility for the KTOI). Most of the
released juvenile Kootenai Sturgeon (92%) were not PIT tagged from 2005 through 2007,
although scutes were removed from each fish prior to release. Most hatchery reared juvenile
sturgeon released in the Kootenai River after 2007 were again PIT tagged and all had scutes
removed. PIT tagging fish prior to release provides a unique identifier for each fish and allows
tracking of the size at release, rearing facility, release location, and time of release as well as
subsequent individual performance (annual growth etc.). Scute removal patterns only identify
brood year and rearing location, and there can be subjective errors with applying and recording
scute patterns. Fork (FL) and total length (TL), weight, PIT tag numbers, fish condition, and
scute removal patterns (to determine release date and location of hatchery fish) were recorded
for each sampled sturgeon. Pectoral fin ray sections were removed from all wild juvenile
Kootenai Sturgeon for age estimation. Each wild sturgeon received a PIT tag and the second
left scute was removed for future identification.
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RESULTS
Water Levels, Discharge, and River Temperature
Libby Dam’s April through August water supply forecast from December 2014 through
June 2015 dropped from December through March, from 117% of average in December to 97%
of average in March. The April forecast increased due to significant rainfall, but that did not
translate into snowfall, although the April forecast did end up being 99% of average. The
reservoir filled during March and April from high precipitation and warmer than average
temperatures, and reservoir elevation peaked at 737.9 m (2421.2 ft.) at the end of April. The
sturgeon flow augmentation volume release commenced on May 22 and continued to June 16.
Libby Dam sturgeon flow augmentation operations for 2015 consisted of one period of peak
flow, followed by a hydrograph that gradually receded towards summer flow at Libby Dam
(Figure 1.1.1). This operation most efficiently used the limited water supply to benefit sturgeon
spawning by extending the highest available discharges throughout the spawning period.
Maximum river stage at Bonners Ferry during the sturgeon flow augmentation operation was
535.4 m MSL (Mean Sea Level) (1756.4 ft. MSL) (Flood Stage is 537.6 m (1764.0 ft. MSL)
(USACE 2015).
Temperature in the Bonners Ferry reach during sturgeon flow augmentation ranged from
10 to 15°C (50 to 60°F); temperatures of 10°C (50°F) at Bonners Ferry were observed
beginning 15 May. Release temperature from Libby Dam ranged from 8 to 15°C (43 to 50°F)
and temperatures below Libby Dam decreased slightly as flow increased for the peak of the
operation, and then increased from 9 to 12°C (49 to 54°F) as selective withdrawal gates were
placed and flow was decreased. The decrease in volume released from Libby Dam (during the
receding limb of the hydrograph) allowed river temperature to increase as water reached the
spawning area near Bonners Ferry. However, unstable temperatures in the dam forebay caused
slight fluctuations in the release temperature during the receding limb, as well as throughout the
remainder of the summer, leading to unstable temperatures in the spawning reach. In addition,
turbine cooling capacity at Libby Dam necessitated release of cooler than optimal water
temperatures for the duration of the summer 10 to 12°C (50 to 54°F).
Adult Kootenai Sturgeon Sampling
Between March 13 and October 26, 2015, IDFG, BCMFLRO, and KTOI crews expended
more than 6,794 h to capture 151 adult Kootenai Sturgeon by angling and 117 adult Kootenai
Sturgeon by setlining (Table 1.1.1). Additionally, 10 adult sturgeon were collected in gill nets
while sampling for juvenile sturgeon.
Catch rates were 0.63 fish per rod h for adult sturgeon angling and 0.041 fish per setline
h (Table 1.1.1). Two hundred twenty-seven (82%) of the 278 adult Kootenai Sturgeon collected
were recaptures from previous years (Table 1.1.1). We biopsied 15 adult Kootenai Sturgeon to
determine sex and reproductive stage. Twelve (80%) of the biopsied adults were females, and
sex could not be determined for three individuals. Of these 12 females sturgeon biopsied, 11
were stage F4 (mature eggs), while the specific stage could not be determined from the
remaining female. KTOI Hatchery personnel also captured and biopsied adult Kootenai
Sturgeon for their propagation operations; Lewandowski (2014) provides adult capture
information.
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Adult Kootenai Sturgeon Telemetry
Migration, movement extent, and behavior during Libby Dam flow augmentation
operations by adult sturgeon tagged with Vemco transmitters was determined after downloading
89 stationary Vemco VR2W sonic receivers (Figure 1.1.4).
Eight adult Kootenai Sturgeon were tagged with Vemco sonic transmitters in fall 2014
and four were tagged in spring 2015. All were tagged with Vemco V-16TP-6X transmitters to
coincide with the 2015 VPS studies (see next section). In addition to providing detailed
information within the VPS arrays, these VPS tags were also compatible with the existing VR2W
array and individuals containing these transmitters were included in large-scale movement
analysis. In preparation for 2016 VPS studies, eight adult Kootenai Sturgeon were tagged with
Vemco VPS tags in fall 2015.
Based on transmitter downloads, in 2015, 40 (82%) tagged adult sturgeon moved
upstream as far as rkm 240.0 (Below Deep Creek), and 28 (57%) of the migrating adults went
upstream as far as rkm 244.5 (Ambush Rock). Additionally, at least 12 (24%, 10 females) of the
tagged migrating adult sturgeon went upstream of the Hwy. 95 Bridge in Bonners Ferry into the
braided reach in 2015.
Substrate Enhancement Pilot Projects
Habitat Selection
A completion report summarizing the sturgeon habitat use of the Shorty’s Island and
Myrtle Creek SEPPs will be available in 2018 after the final year of data collection in 2017.
Spawning Occurrence
We deployed substrate mats in 2015 to evaluate the temporal and spatial extent of
Kootenai Sturgeon spawning events in the Kootenai River. In 2015, we sampled 80,618 mat h
between May 12 and July 13 and collected 215 eggs (Table 1.1.2). The highest catch and the
highest catch rate came from the Myrtle Creek area (rkm 234.5, Table 1.1.3). The first eggs
were collected on May 26, and the last eggs were collected on June 30 (Table 1.1.4). In 2015,
we collected most of the eggs in Strata 2 (below the SEPP) at both sites (Table 1.1.3) and we
collected most of the eggs at Myrtle Creek both years. No eggs were collected at the control
sites (Strata 3) either year. One hundred ninety-three of the 215 (90%) eggs could be staged
and may have been viable. Egg stages ranged from 12 to 25, and 27 of the 193 eggs developed
to stage 21 (Beer 1981). Based on the 193 viable eggs, we estimate that Kootenai Sturgeon
spawned at least 20 days in 2015 between May 26 and June 30 (Table 1.1.4). Water
temperature during the egg collection period ranged from 10.8° to 15.4°C, surface water velocity
ranged from 0.3 to 1.0 m /s, and Secchi disk depth ranged from 2.0 to 4.3 m.
Hatching Success
We sampled for larval sturgeon between June 8 and July 30, 2015 for a total of 11,032
hours (Table 1.1.5). Sampling effort was similar between the Shorty’s Island and the Myrtle
Creek sites. No larval sturgeon were collected in 2015. Non-target larvae were collected at all
three sites but were not quantified. Most of the non-target larval fish species belonged to the
Catostomidae family.
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Juvenile Kootenai Sturgeon Sampling
Beginning in 1990 and continuing to the present, the KTOI and BC hatcheries have
released over 284,000 juvenile Kootenai Sturgeon. The purpose of this sampling was to
evaluate trends in: 1) the distribution, stock status, and densities of marked hatchery juveniles;
2) survival and growth rates of marked hatchery juveniles; and 3) any natural recruitment as
determined by capture of unmarked juveniles. Since this population is transboundary, data
collected in Canada were included. In 2015, IDFG and BCMFLNRO sampled for juvenile
Kootenai Sturgeon with gill nets between July 27 and October 1, 2015 in Idaho and Canadian
sections of the Kootenai River and Kootenay Lake. We sampled 25 sites between rkm 18.0 and
244.5 and collected 1,858 juvenile sturgeon (1,851 hatchery-reared, 99%) with 558 h of effort
(Figure 1.1.1, Table 1.1.6). The highest catch came from the Kootenay Lake delta (rkm 120.0)
but the highest catch rates were in Idaho portions of the river at rkm 205.0 (Table 1.1.6).
Juvenile sturgeon were well distributed throughout the River and Lake. Ferry Island (rkm 205.0),
Rock Creek (rkm 215.0), and Ambush Rock (rkm 244.5) had the highest catch rates in the river,
but most areas throughout the river had catch rates that exceeded one fish per hour. All three
mesh sizes of gill nets used caught sturgeon, but the 4-inch mesh had the highest catch rates at
4.3 sturgeon/net-h (Table 1.1.7). The 2-inch mesh was fished the most, representing 49% of the
sets.
The average fork and total length of the hatchery reared juvenile Kootenai Sturgeon was
45.3 cm and 52.7 cm, respectively, and weight of juvenile sturgeon captured in 2015 averaged
0.79 kg (Table 1.1.9).
Seven wild juvenile Kootenai Sturgeon were captured while gill netting in Canada and
Idaho in 2015 (Table 1.1.9). The TL of these seven individuals ranged from 32.0 to 118.0 cm,
and weights ranged from 0.18 to 7.2 kg. All seven wild juveniles were aged by sectioning the
pectoral fin ray and counting annuli. Year classes from 1997, 2005, 2006, 2007(2), and 2008(2)
were represented (Table 1.1.9). Figure 1.1.5 shows the year class assignments from a sample
of the wild juvenile Kootenai Sturgeon collected between 1977 and 2015 that could be aged.
Figure 1.1.6 shows the number of wild juvenile Kootenai Sturgeon collected annually from 1977
to 2015.
DISCUSSION
Libby Dam Kootenai Sturgeon flow augmentation operations for 2015 consisted of one
period of peak flow, followed by a hydrograph that gradually receded towards summer flows
from Libby Dam. This operation most efficiently used the limited water supply to benefit
Kootenai Sturgeon spawning by extending the highest available discharges throughout the
spawning period. The single peak operation was a deviation from the previous two years, where
a double peak hydrograph provided two periods of peak river stages/flows during the spring runoff period. In 2015, 24% of the tagged spawning group migrated above Bonners Ferry,
compared to 31% and 30% in 2013 and 2014, respectively. Although it appears that upstream
Kootenai Sturgeon migration extent improved under the double peak operations, it is difficult to
separate all the environmental factors that control upstream movements on an annual basis.
While pre-dam discharges likely resembled some type of single peak hydrograph, post-dam
conditions are more complex. For example, temperature fluctuations in the forebay in 2015,
likely a result of wind driven seiche events, created unstable and unnatural temperature regimes
in the spawning reach. These manmade events may have more impacts on behavior than how
we shape the limited volume of water from sturgeon augmentation flows. To better understand
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Kootenai Sturgeon spawning movements, using telemetry data from the VR2W array in 2015
we initiated a Program MARK based multistate movement modeling exercise (see Chapter 1.2
of this report) to closely evaluate how a set of relevant environmental variables effect Kootenai
Sturgeon movements to and from given river reaches. Preliminary results suggest cumulative
temperature may be an important variable influencing upstream movements. This suggests that
higher cumulative temperature conditions throughout the months prior to a given spawning
season may lead to higher upstream migrations, more so than maximum daily temperatures.
We plan to continue refining this analysis in 2016 and add additional relevant environmental
variables to better our understanding of what causes spawning Kootenai Sturgeon to move
upstream above Bonners Ferry. Once we understand which variables are important predictors,
the next step will be to determine if we can manipulate dam conditions to recreate those
conditions annually and maximize upstream movement potential.
The Substrate Enhance Pilot Projects (SEPPs) were constructed at Shorty’s Island and
Myrtle Creek in winter 2014/2015 to, in part, improve Kootenai Sturgeon spawning and early life
stage rearing conditions. We monitored adult Kootenai Sturgeon movements, spawning
distribution, and larval recruitment at both sites in 2014 and 2015. Based on one year of data
from a Vemco VPS telemetry dataset, use of the SEPPs did not significantly change between
2014 (pretreatment, in the specific geographic area where the SEPPs were going to be at
Shorty’s Island) and 2015 at Shorty’s Island. Moreover, percent daily use on the SEPPs in 2014
and 2015 at Shorty’s Island and in 2015 at Myrtle Creek showed a weak relationship. Spawning
distribution, measured as the number of eggs collected on and off the SEPPs, was evaluated in
2014 (pretreatment, in the same specific geographic area where the SEPPs were going to be at
both sites) and 2015. There was high variability when comparing between pre- and posttreatment between sites, and among strata within and between sites. For example, more eggs
were collected in 2014 than in 2015 at both sites and more eggs were collected in strata 2
(below the SEPPs in similar habitat) at both sites in 2015. Even though we did not document a
substantial increase in spawning on the SEPPs in 2015 after construction, Kootenai Sturgeon
are still spawning on the presumably better habitats, which may lead to increased recruitment in
the future. Finally, throughout decades of research on this population, we have no evidence that
Kootenai Sturgeon are obligate lithophils, like some populations of Lake Sturgeon, and we
should not expect this population to seek out coarse substrates for spawning. Larval sampling
was also conducted in 2014 and 2015 at both sites to document any potential larval hatching
and subsequent drift. In 2014, we collected three wild larval Kootenai Sturgeon (two at Myrtle
Creek and one at Shorty’s Island) at the lower extent of the two proposed SEPP sites. Despite
good sampling conditions and high effort in 2015, no larval Kootenai Sturgeon were collected.
While low clear water conditions benefit sampling effort and efficiency by allowing overnight
sampling from the onset of sampling, these conditions may be poor for spawning success
because lower velocities may lead to potentially higher siltation rates or possibly improved
conditions for egg predation. The preliminary results of the benefits of the SEPPs to these three
metrics should be taken with caution. River conditions change annually. At least one more year
of data collection and analysis is needed to evaluate the short-term effectiveness of these
projects. The benefits may not be realized for many years or possibly decades, when and if
higher proportions of unmarked juvenile Kootenai Sturgeon appear in our gill net monitoring
program.
The combined 2015 IDFG and BCMFLNRO gillnet catch of 1,858 juvenile Kootenai
Sturgeon was the highest on record. Densities and catch rates continue to increase throughout
the river and lake and juvenile Kootenai Sturgeon are well distributed throughout the system.
Even though this continues to indicate the success of KTOI conservation aquaculture program,
our concern is when and if densities increase to the point where mortalities increase or growth
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slows to the point where we are delaying potential sportfishing opportunities. In 2015, we began
removing fin ray sections from 10 hatchery juvenile Kootenai Sturgeon from each brood year (5
from the Kootenay Lake delta and 5 from riverine portions above rkm 123) to try to evaluate if
stocking densities, nutrient enhancement, or other covariates are influencing incremental growth
rates. The goals of this research are to evaluate the factors that influence Kootenai Sturgeon
growth rates, to help to guide rearing and stocking strategies to produce the best hatchery
product possible.

RECOMMENDATIONS
As soon as water temperature at Bonners Ferry reaches 7°C after April 1, provide
augmented flow from Libby Dam to achieve 425 m3/s at Bonners Ferry. Provide stable or
increasing temperature using the selective withdrawal gate system at Libby Dam as needed to
initiate and maintain spawning migration of Kootenai Sturgeon.
Provide minimum flows of 630 m3/s for 42 d (as prescribed for spawning and rearing in
the Kootenai Sturgeon Recovery Plan, USFWS 2006) at Bonners Ferry once water
temperatures of 8-10°C are reached to stimulate spawning and optimize egg/larval survival of
Kootenai Sturgeon.
Continue the SEPP evaluation at Shorty’s Island and Myrtle Creek in 2016 for a second
year of post-treatment evaluation. This will include evaluating habitat use by spawning female
sturgeon (Vemco VPS system), spawning occurrence (egg mat sampling), and hatching
success (larval sturgeon sampling).
Continue the Program MARK multistate movement modeling research adding additional
covariates, comparing years and conditions with high percentages of upstream movements, and
comparing years and conditions with relatively high recruitment rates.
Continue collecting fin rays from hatchery reared juvenile sturgeon to evaluate changes
in growth over time using incremental growth analysis.
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Table 1.1.1.

Sampling effort and number of adult and juvenile Kootenai Sturgeon caught by
the Idaho Department of Fish and Game, Kootenai Tribe of Idaho or British
Columbia Ministry of the Environment personnel, in the Kootenai River, Idaho,
and Kootenay Lake, Canada, March 13 to October 26, 2015.

Crew

Dates

Hours of
effort (h)

Number of
juvenile sturgeon
caught (no.
recaptures)/
(untraceable
recaptures)

Number of adult
sturgeon caught
(no. recaptures/
(untraceable
recaptures)

Juvenile
CPUE
(fish/h)

Adult
CPUE
(fish/h)

584(451)/

Gillnet

BC

7/8 – 9/22

205.67

(132)

4(2)/(2)

2.8395

0.0194

IDFG

7/27 – 10/1

352.54

1269(975)/ (287)

6(2)/(2)

3.5996

0.017

558.21

1853(1426)/ (419)

10(4)/(4)

3.3195

0.0179

Total Gill net
4/9 – 4/13

1.26

0

0

0

0

9/16 – 9/30

8.64

0

1(1)

0

0.1157

Subtotal BC

9.9

0

1(1)

0

0.101

5/7

1.15

0

0

0

0

10/5 – 10/26

23.50

0

16(14)/(2)

0

0.6809

Subtotal IDFG

24.65

0

16(14)/(2)

0

0.6491

BC

IDFG

0.6273
4/7 – 6/23

213.6

10(7)/(3)

134(101)/(9)

0.0468

n/a
0.6273
KTOI
Angling b,c

Subtotal KTOI

Setline

10(7)/(3)

134(101)/(9)

0.0468

248.15

10(7)/(3)

151(116)/(11)

0.04197

0.6338

4/1 – 4/14

196.44

2(2)

7(6)

0.0102

0.0356

Total
Angling

9/22 – 9/30

125.40

3(3)

10(9)/(1)

0.0239

0.0797

Subtotal BC

321.84

5(5)

17(15)/(1)

0.0155

0.0528

3/9 – 5/7

5609.48

8(8)

90(86)

0.0014

0.016

10/5 – 10/26

56.66

0

10(6)/(1)

0

0.1765

Subtotal IDFG

5666.14

8(8)

100(92)/(1)

0.0014

0.0176

5987.98

13(13)

117(107)/(2)

0.0022

0.0195

BC

d

213.6

IDFG
Total Setline

Grand
Total
a
b
c
d

6794.34
1876(1446)/ (422)
278(227)/ (17)
0.2761
0.0409
Defined as adult based on size: >115cmfl and/or 120cmtl.
There were also 3(2)/(1) additional juveniles caught during cod trap sampling during the spring.
Angling effort (hours) is for all rods fishing, not per rod total.
Based on 24 hour sets
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Table 1.1.2.

Location (river kilometer), depth (m), Kootenai Sturgeon egg catch and catch per
unit effort (CPUE) by standard artificial substrate mats, IDFG, Kootenai River,
Idaho 2015.

Sample
year

River
location
(rkm)

2015

230.5
234.5
245.0

Depth
range
(ft)
12.053.1
11.048.7
9.0-29.0

Temperature
range (oC)

Total mat
hours

Number
Kootenai
Sturgeon
eggs

CPUE

9.9-15.8

32,236.73

57

0.0018a

9.7-16.0

32,777.79

122

0.0037a

9.5-16.0

15,603.82

36

0.0023a

80,618.34

215

0.0027

Total
a

Water velocity measurements taken only when eggs were found.

Table 1.1.3.

Distribution of eggs collected near KTOI SEPPs in 2014 and 2015 by standard
artificial substrate mats, IDFG, Kootenai River, Idaho 2015 (Strata 1 was on
SEPP, Strata 2 was below SEPP on similar substrate to Strata 1, Strata 3 was
beside SEPP in dissimilar substrate).

Sample year

Shorty’s Island

Myrtle Creek

River location (rkm)

Strata

Number of Eggs
2014

2015

1

48

14

2

25

44

3

0

0

Total

73

58

1

111

15

2

127

107

3

0

0

Total

238

122

230.5

234.5
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Table 1.1.4.

Date Pull

Temp
°C
Pull

Stages of Kootenai Sturgeon eggs captured by artificial substrate mats, Kootenai River, Idaho, 2015.
Egg Stage
No.
Egg

12

28-May
28-May

10.8
10.8

20
1

28-May

10.8

18

28-May
28-May
28-May

10.8
10.8
11.0

29
3
1

28-May
1-Jun

10.8
13.1

1
2

1-Jun
1-Jun

13.1
13.0

1
13

1

4-Jun
4-Jun
4-Jun

11.7
11.7
12.4

8
1
1

7

4-Jun
4-Jun

12.4
12.4

11
7

4-Jun
4-Jun
4-Jun

12.4
12.4
12.4

3
18
10

3
3
1

4-Jun
8-Jun

12.4
14.6

2
3

1
2

8-Jun
8-Jun

14.3
14.3

1
1

11-Jun
11-Jun
15-Jun

14.4
14.4
13.2

2
6
2

15-Jun
18-Jun

13.2
15.0

1
3

18-Jun
18-Jun
18-Jun

15.4
14.9
15.5

22
1
3

18-Jun
22-Jun

15.4
14.0

3
2

22-Jun

14.0

9

13

1

14

2

15

16

2

18

17

18

19

20

21

22

23

24

25

26

27

28

other

Notes

8(5/28), 14(5/27)

2

6

2

3
1

23
2

1

1

Dead/broken

5

Dead/broken

1

Dead/broken

2

1

7

2

4

Dead/broken

1
1

1

3
3

10
2

3

2
2

Dead/broken
Dead/broken

Dead/broken
Dead/broken

1
1
2
1
1
2
2

11
1

8

4

1
2
1

Dead/broken
Dead/broken
Dead/broken

43(6/9)
30(6/10), 40(6/9)
64(6/12)
0(6/15)
20,28(6/17)

1

2,5,7,11(6/18)
5(6/18)
24(6/17)

3

1

0(6/4)
0(6/8)
81(6/5)
59(6/6)

1
2

24,30,35(6/3)
24,30(6/3)
0(6/4)
0,3,5(6/4); 19,35(6/3)
0(6/4); 30,35(6/3)

2
7
1
1

1

2(6/1)
64(5/29), 74(5/28)
0,8(6/4)
13(6/3)
24(6/3)

1
3
2

3,5,8(5/28);
14,20(5/27)
8(5/28);
14,20,27(5/27)
8(5/28), 14(5/27)
53(5/26)
2(6/1)

2

2

Hours from
Fertilization (Spawn
Date)

3

3
2

36(6/17)
40(6/20)

1

5(6/22); 25,30(6/21);

15

Temp
°C
Pull

No.
Egg

2-Jul
16.0
Total collected
Total not staged

215
22

Date Pull

Egg Stage
12

13

14

15

16

17

18

19

20

21

21

4

6

21

58

13

10

15

18

10

6

16

22

23

2

3

2

12

24

25

26

27

28

other

2

1

0

0

0

22

1

Notes
Dead/broken

Hours from
Fertilization (Spawn
Date)
40(6/20)
49,59(6/30)

Table 1.1.5.

Idaho Department of Fish and Game Kootenai Sturgeon larval sampling effort by
sampling location, June 8 through July 30, Kootenai River, Idaho, 2015.

Sampling Location

River Location
(rkm)

Total Time
(hours)

Volume Sampled
(m3)

Number
Larva

Shorty’s Island

230.5

5,422

1,794,749

0

Myrtle Creek

235.0

4,620

1,858,730

0

Railroad Bridge

245.5

990

31,879

0

11,032

3,685,359

0

Total

17

Table 1.1.6.

Year
2015

Idaho Department of Fish and Game and British Columbia Ministry of the
Environment juvenile Kootenai Sturgeon gill net sampling effort by sampling
location for July 27 through October 1 and July 8 through September 22, 2015,
respectively.

River
Kilometer

Number of
Sets

Hours
of
Effort

18.0
120.0
121.0
121.5
122.0
123.0
130.0
141.0
145.0
150.0
157.0
161.0
165.0
174.0
176.0
190.0
192.0
196.0
205.0
207.5
213.0
215.0
225.0
237.0
244.5
Total

12
52
42
5
2
8
16
8
16
8
8
16
16
20
26
20
11
11
17
21
28
17
24
10
15
429

13.90
58.09
43.67
5.13
1.98
10.50
19.41
8.85
19.78
9.66
8.94
18.43
17.60
27.58
35.05
33.04
18.47
15.30
28.29
34.24
35.91
21.60
34.25
13.50
25.00
558.17

Number of
Adults
Captured
3

1
1

5

18

Number of
Juveniles
Captured
6
312
150
19
11
8
60
6
80
26
7
20
22
32
27
114
49
38
223
115
79
138
113
32
171
1858

Sturgeon
Catch Per
Unit of
Effort
0.43
5.42
3.44
3.70
5.56
0.76
3.09
0.68
4.04
2.69
0.78
1.09
1.25
1.16
0.77
3.45
2.65
2.48
7.88
3.39
2.20
6.44
3.30
2.37
6.84
3.34

Table 1.1.7.

Year
2015

Idaho Department of Fish and Game and British Columbia Ministry of the
Environment juvenile Kootenai Sturgeon gill net sampling effort by mesh size for
July 27 through October 1and July 8 through September 22, 2015, respectively.

Gill Net
Mesh
Size
(inch)
2
4
6
Total

Table 1.1.8.

Number
of Sets

Hours of
Effort

209
114
106
429

276.4
145.8
136.0
558.2

Statistic

2015

N
Average
Standard
deviation
Minimum
Maximum

Year
2015

Number of
Juveniles
Captured

Sturgeon Catch
Per Unit Effort

4
1
5

916
619
323
1858

3.3
4.3
2.4
3.34

Summary statistics of recaptured juvenile hatchery Kootenai Sturgeon from 2015
net sampling, Kootenai River, Idaho and Kootenay Lake, B.C.

Year

Table 1.1.9.

Number of
Adults
Captured

Fork length
(cm)

Total length
(cm)

Mean weight
(kg)

1833
45.3

1833
52.7

1783
0.79

15.6
12.4
113.0

18.1
14.5
131.0

1.04
0.01
9.50

Wild juvenile Kootenai Sturgeon captured in gillnets in 2015, Kootenai River,
Idaho and Kootenay Lake, B.C. (does not include wild recaptures).

Date
7/27
7/30
7/30
8/3
8/10
8/11
8/26

Capture rkm
225.0
205.0
205.0
207.5
121.1
120.1
213.0

Fork
length
(cm)
46.9
43.0
46.8
38.1
101.2
67.1
27.1
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Total
length
(cm)
54.6
49.9
54.4
43.0
118.0
77.5
32.0

Weight
(kg)
0.624
0.512
0.684
0.350
7.200
2.200
0.184

Year class
2007
2008
2006
2008
1997
2005
2007

FIGURES
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Figure 1.1.1. Location of the Kootenai River, Kootenay Lake, Lake Koocanusa, and major
tributaries. The river distances from the northernmost reach of Kootenay Lake
are in river kilometers (rkm) and are indicated at important access points.
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Figure 1.1.2. Mean daily flow patterns in the Kootenai River at Bonners Ferry, Idaho from
1928-1972 (pre-Libby Dam), 1973-1990 (post-Libby Dam), and 1991-2015 (postLibby Dam with augmented flows, May 1 through June 30).
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Figure 1.1.3. Mean daily discharge (m3/sec) and temperature (°C) for Kootenai River at
Bonners Ferry, Idaho, 2015.
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Figure 1.1.4. Location of Vemco VR2 receivers in Kootenai River/Lake system, Idaho and
British Columbia, Canada, 2015 (receivers locations are depicted by circles).
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Figure 1.1.5. Number of wild juvenile Kootenai Sturgeon by age class captured in the Kootenai
River, Idaho 1977-2015.
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Figure 1.1.6. Number of wild juvenile Kootenai Sturgeon captured annually in the Kootenai
River, Idaho, 1977-2015; no recaptures.

26

CHAPTER 1.2: KOOTENAI RIVER WHITE STURGEON MOVEMENT ANALYSES
ABSTRACT
Considerable prior effort has focused on understanding sturgeon movements in the
Kootenai River basin, particularly related to the potential for successful spawning. Collectively,
these studies provide important baseline information on the factors affecting sturgeon
movements in this system, and estimates of those rates. To provide additional insight into
conditions that favor sturgeon movements into spawning areas, we ran a series of models that
examined combinations of environmental covariates on sturgeon survival, capture probability,
and movements. We then subdivided the movement portion of the analysis into upstream,
downstream, and no movement. Daily survival was modeled as a function of stratum and within
each stratum all estimates of survival were >0.995. We found strong support that capture
probability was best explained by differences between strata, and there was no evidence that it
varied seasonally or could be explained by effort. The best model for state transitions included
differing effects for movement upstream or downstream or no movement at all. In general, the
best predictors of sturgeon movements were sex, cumulative temperature, and river stage.
None of the other environmental covariates were good predictors of movement. The probability
of no movement in or out of the spawning reach above Bonners Ferry was best explained by
cumulative temperature and sex effects while the movement from Bonners Ferry downstream to
the Shorty’s Island spawning reach was best explained by cumulative temperature, river stage,
and sex effects. Females were more likely to remain above Bonners Ferry than males.

Authors:
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Sr. Fishery Research Biologist
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INTRODUCTION
The federally endangered Kootenai River White Sturgeon inhabits a closed system of
rivers and lakes in northern Idaho, northwestern Montana, and southeastern British Columbia.
Sturgeon spawning activities in the upper reaches of the Kootenai River were disrupted by the
construction of Libby Dam in the early 1970s, generating concern about the future of this
species. There are several key questions related to the management and recovery of sturgeon.
How have managed river flows affected the timing and duration of the spawning season? What
is the influence of abiotic factors such as water temperature and river stage on spawning
activities? In addition, how can Libby Dam be managed to optimize sturgeon spawning activities
and success? Considerable prior effort focused on understanding sturgeon movements in this
system, particularly as they relate to the potential for successful spawning. Paragamian and
Kruse (2001) found that spawning was triggered by warming temperatures, length of stay in the
spawning reach varied by gender (11 days for females, 30 days for males), and that
temperature and river stage were the best overall predictors of movements. Swartz (2008)
modeled the probability of reaching Bonner’s Ferry as a function of water temperature and
discharge rate from Libby Dam, and then estimated the probability of moving upstream from
specific locations as a function of day of season. More recently, Beamesderfer et al. (2014)
used a multistate model to estimate monthly movements between Kootenay Lake and the river.
They estimated lake to river movement rates were 0.11 in May and 0.21 in June while the river
to lake movement rates were 0.04 in May and 0.24 in June. Collectively, these studies provide
important baseline information on the factors affecting sturgeon movements in this system, and
estimates of those rates. The goal of this analysis was to provide additional insight into
conditions that favor sturgeon movements, especially upstream to Bonner’s Ferry.
METHODS
River System and Strata
The study area was defined as Kootenay Lake upstream to Bonner’s Ferry, Idaho.
Within this area, we further divided the lake and river into five distinct segments based on what
was previously known about sturgeon movements and spawning activities. Those five regions
were:
1. Kootenay Lake and the delta region, below rkm 123 (Stratum KLD).
2. Lower River, from rkm 123 to Flemming Creek (Stratum LWR).
3. The spawning reach from Flemming Creek to Ambush Rock (Stratum SPR).
4. The straight reach from Ambush Rock to the Highway 95 Bridge (Stratum STR).
5. Above Bonner’s Ferry (Stratum ABF).
Sturgeon Movements
For this analysis, we used sonic transmitter data from adult (3+ year-old) sturgeon
collected between 2004 and 2014 (11 years). We further restricted the analysis to the spawning
season (1 May to 15 July), resulting in 76 sampling occasions (days) per year. This resulted in
1,051 fish by year encounter histories for the analysis. By sampling stratum, there were the
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following daily encounters of sturgeon: 4,357 (KLD), 4,643 (LWR), 4,232 (SPR), 750 (STR), and
195 (ABF). There were also 65,699 non-detections (a 0 in an encounter history) that mostly
resulted because a fish was in Kootenay Lake. If a fish was recorded in >1 stratum per day it
was assigned to the most upstream stratum for this analysis because movement to the
uppermost reach was a primary research focus. There were also 74 examples of a fish skipping
a stratum, most likely because the fish passed a receiver by hugging the river bottom or passed
behind a structure that disrupted the signal. These “skips” included 48 fish that moved from
stratum ABF to stratum SPR, 23 that moved from SPR to ABF, 2 that moved from STR to LWR,
and 1 that moved from LWR to STR. Lastly, we forced the constraint that all movements from a
given stratum must sum to 1.0 (e.g., ABF to ABF and ANF to STR must sum to 1.0). We
estimated 13 state transitions for Kootenai River White Sturgeon (Figure 1.2.1). Of this total, five
transitions involved remaining in place while eight involved movement, either upstream or
downstream, between each consecutive pair of strata.
Multistate Model
We used the multistate model with live recaptures (Hestbeck et al. 1991, Brownie et al.
1993) to estimate daily survival (S), capture probability (p), and movement probability (Ψ) as a
function of seasonal patterns and a suite of environmental covariates. For daily survival, we
modeled this as a constant across all days and years, but separate for each stratum. Previous
work with this species suggests that the daily survival rate should be very near 1.0, although we
did allow this to vary among the five strata. We modeled capture probability across days within
the spawning season (constant and linear/quadratic time trends), but different for each stratum.
For the state transition models, we included seven environmental covariates, fish gender, and
two measures of fish size (weight and length). The environmental covariates included three
measures of temperature (daily, 48-hour, and cumulative), two measures of discharge (daily
and 24-hour), river stage, and moon phase.
We used a hierarchical approach when modeling, due in part to the significant length of
time needed to run each model given the computer speed. Survival was always modeled as a
function of stratum. We next considered four models for capture probability: (1) an effect of
stratum, (2) a linear effect across days within the spawning season, (3) a quadratic effect across
days within the spawning season, and (4) an effect of the number of receivers within each
stratum. After finding a best model for capture probability, we then added the environmental
covariates individually and effects for fish gender and size. We also tested different
combinations of environmental effects on movements upstream versus downstream. Lastly,
because of model convergence issues we used the MCMC estimator in Program MARK to get
parameter estimates and associated 95% credible intervals for inference.
RESULTS AND DISCUSSION
At the end of the modeling process, we had a single best model with all model weight
and an AICc value of 116,993.39. This model contained 69 parameters, five for daily survival
(S), five for daily capture probability (p), and 59 for movement probabilities (Ψ) (Table 1.2.1).
Daily survival was modeled as a function of stratum and within each stratum all
estimates of survival were >0.995. This is consistent with our earlier finding that annual survival
of adult sturgeon was estimated at 0.927. Because this was not a focus of this particular
analysis, we did not investigate any additional effects on daily survival.
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We found strong support that capture probability was best explained by strata; there was
no evidence that p varied seasonally or could be explained by effort (the number of receivers in
each stratum). The model with stratum-specific capture probabilities had all model weight, and
parameter estimates ranged from 0.07 in stratum KLD to 0.53 in stratum SPR (Figure 1.2.2).
These estimates are <1.0 because fish can remain undetected in regions between receivers.
The low estimates for strata KLD and ABF may be attributed to incomplete receiver coverage in
these large areas. We have no explanation for the large variation in detection probability in
stratum STR.
Most of the modeling effort focused on the state transitions (the probability of moving
between the various reaches of the river). The best model for state transitions was dependent
on whether fish moved upstream, downstream, or exhibited no movement (Table 1.2.2). In
general, the best predictors of sturgeon movements were sex, cumulative temperature, and
river stage; none of the other environmental covariates were good predictors of movement. This
model can be used to predict movement patterns in response to the various covariates. For
example, the probability of no movement into or out of ABF is best explained by cumulative
temperature (quadratic) and sex while the movement from ABF downstream to stratum SPR is
best explained by cumulative temperature (quadratic), river stage (quadratic), and sex effects.
We then used the mean value of the cumulative temperature and river stage covariates across
all 11 years to plot the daily predicted movement probabilities of male and female sturgeon
under the two scenarios. The probability of remaining in the ABF stratum shows that there is
daily variation, with the greatest residency from about mid-May through late June; females are
more likely to stay put than males (Figure 1.2.3). If a sturgeon did not remain in stratum ABF
then the only other possibility was that it moved downstream to stratum STR, which occurred
with the lowest probability from about mid-May through late June and was least likely for
females (Figure 1.2.4). Note that the probabilities of movement originating from any single
stratum must sum to 1.0, which is a constraint of this model. This explains why the two figures
are mirror images for each sex.
The results of this modeling effort support findings by Paragamian and Kruse (2001) that
the probability of moving into suitable spawning sites increases with increasing temperature.
However, our analysis differs in that it showed females are more likely to stay in the spawning
area than males. The results also suggest that dam operations should focus on cumulative
increases in temperature during the sturgeon spawning migration to influence adult females to
stay above Bonners Ferry and spawn in suitable spawning substrates. Further analysis of
specific year and age effects on movements may help refine this water management
prescription to benefit future sturgeon recruitment.
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Table 1.2.1.

Table showing the parameter effects in the best model to explain Kootenai River
White Sturgeon movements, 2004-2014. The first column shows the three
parameters estimated by the model, which are further divided into three
categories (upstream movement, no movement, and downstream movement) for
the daily movements. The second column shows the model effect(s) on each
parameter while the third column shows the number of parameters (K)
associated with each (K = 59 for entire model). For movement probabilities, ABF,
STR, SPR, LWR, and KLD refer to the five reaches of the system used for this
analysis.

Estimated Parameter

Effects

K

Daily survival (S)

Stratum

5

Daily capture probability (p)

Stratum

5

Daily movement probability (Ψ)
Upstream (STR→ABF, SPR→STR)
Upstream (LWR→SPR, KLD→LWR)
No movement (ABF, STR)
No movement (SPR, LWR, KLD)
Downstream (ABF→STR, STR→SPR)
Downstream (SPR→LWR, LWR→KLD)

TmpCu2+Stage2+Sex
TmpCu2
TmpCu2+Sex
TmpCu2+Stage2
TmpCu2+Stage2+Sex
TmpCu2

12
6
8
15
12
6
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Table 1.2.2.

Transition

Model effects (betas) for all possible movements by Kootenai River White
Sturgeon, 2004-2014. The transitions in the first column are grouped in order by
upstream (first 4), no movement (next 5), and downstream (last 4) movements.
Effects in bold have 95% credible intervals that did not include zero while empty
boxes indicate no effect. ABF, STR, SPR, LWR, and KLD refer to the five
reaches of the system used for this analysis.
Tmp Tmp48 TmpCu DCH

DCH24 Stage Moon Sex

KLD→LWR

0.002

LWR→SPR

-0.004

SPR→STR

0.0001

-0.025

0.196

STR→ABF

0.0001

0.197

0.431

KLD→KLD

-0.002

0.824

LWR→LWR

-0.001

0.858

SPR→SPR

-0.003

0.035

STR→STR

-0.001

0.063

ABF→ABF

-0.002

0.027

ABF→STR

0.001

-0.092

-0.536

STR→SPR

-0.001

-0.025

-1.24

SPR→LWR

0.004

LWR→KLD

0.002
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Figure 1.2.1. Model schematic showing the daily state transitions for Kootenai River White
Sturgeon in the Kootenay Lake system, 2004-2014.
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Detection probability

0.6
0.5
0.4
0.3
0.2
0.1
0

KLD

LWR

SPR

STR

ABF

Stratum
Figure 1.2.2. Stratum-specific conditional capture probabilities for Kootenai River White
Sturgeon in the Kootenay Lake system, 2004-2014. Black bars indicate 95%
confidence limits.
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Probability
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Male
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Day
Figure 1.2.3. Predicted daily probability of Kootenai River White Sturgeon remaining in stratum
ABF (so, transition ABF→ABF), 2004-2014. Estimates are plotted separately for
male and female sturgeon and assume mean values of all model covariates
across the 11-year study.
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Figure 1.2.4. Predicted daily probability of Kootenai River White Sturgeon moving downstream
from stratum ABF to stratum STR (transition ABF→STR), 2004-2014. Estimates
are plotted separately for male and female sturgeon and assume mean values of
all model covariates across the 11-year study.
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CHAPTER 2: BURBOT MONITORING AND EVALUATION
ABSTRACT
Burbot Lota lota maculosa were once abundant in the Kootenai River basin in Idaho,
Montana, and British Columbia, and they provided important commercial, recreational, and
cultural fisheries throughout the basin. However, cumulative effects of purported overexploitation, alteration of physical habitat, and the completion of Libby Dam in Montana (in
1972) resulted in the entire fishery collapsing to the point of functional extinction. International,
multiagency collaboration since the early 2000s has resulted in increased abundance of Burbot
in the river in recent years; however, there is currently little evidence of natural recruitment.
Conservation aquaculture efforts by the University of Idaho Aquaculture Research Institute and
the Kootenai Tribe of Idaho, in conjunction with largescale mitigation efforts and long-term
monitoring and evaluation have revealed key insights into the current status of the species in
the Kootenai River basin. Results through the winter of 2015/16 indicate that Burbot numbers
are consistently increasing, and the fishery is currently comprised of multiple year classes
produced from hatchery efforts, indicative of a healthy and growing population. In addition,
several fish that were released into the river as larvae in 2015 were recaptured in hoop nets
during the winter of 2015/16, which is the first documented occurrence of larval recruitment in
the Kootenai River. Burbot are continuing to pioneer into tributary habitats during the spawning
season, which could potentially provide a mechanism for natural recruitment if the temperature
regime in the mainstem river is responsible for the recruitment bottleneck, as purported.
Research is ongoing to identify specific causes of recruitment failure, but discussions among
researchers and managers have begun regarding a potential fishery in the coming years.
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INTRODUCTION
Although Burbot Lota lota maculosa are widespread and abundant throughout much of
their natural range (Evenson and Hansen 1991), many populations are in severe decline (Arndt
and Hutchinson 2000; Paragamian et al. 2000). As a result, restoration efforts have been
initiated to mitigate factors that threaten populations with further decline or localized extirpation
(Dillen et al. 2008; Worthington et al. 2009; Stapanian et al. 2010). A primary source of decline
has been attributed to significant changes in habitat often stemming from the construction of
dams used in flood control or power generation; this is the case in the Kootenai River basin in
Idaho, Montana, and British Columbia. Libby Dam, constructed in the early 1970s, has
significantly increased discharge and water temperature during the winter spawning period for
Burbot (Partridge 1983), which is thought to have negatively impacted recruitment (Hardy and
Paragamian 2013). Additional impacts from the construction of the dam and diking within the
Kootenai floodplain include decreases in nutrient availability and loss of habitat from floodplain
isolation (Hardy 2003). Following construction of the dam and subsequent impacts to the Burbot
population, the fishery rapidly declined in the mid-1980s and ultimately culminated in a complete
closure of the fishery in 1992. Concomitant to the collapse in the Idaho portion of the Kootenai
River, a rapid decline of the Burbot fishery in Kootenay Lake and Kootenay River, British
Columbia (BC) was observed, resulting in those fisheries being closed in 1997 (Paragamian et
al. 2000).
Due to the widespread cultural and recreational importance of Burbot in the Kootenai
River Basin prior to the collapse of the population, an International Burbot Conservation
Strategy (Strategy) was developed by a community-wide working group to help restore the
population (Paragamian et al. 2002; KVRI 2005; Ireland and Perry 2008). The Strategy outlined
rehabilitation measures, including changes to operations of Libby Dam and development of
conservation aquaculture to supplement the wild stock during population rehabilitation. Because
the Burbot population was speculated to be too small to recover on its own or provide gametes
for a conservation aquaculture program, managers deemed it necessary to locate and use a
donor stock to aid in restoration efforts. Of the many water bodies sampled, Burbot from Moyie
Lake, BC (Figure 2.1) were selected as a suitable donor stock because they were found to be of
a similar phylogenetic group as the Kootenai River population (Powell et al. 2008), abundant
enough to provide sufficient gametes, and had spawning sites that provided easy access to
spawners. Concurrent with studies to locate a broodstock source, intensive rearing techniques
were successfully developed at the University of Idaho Aquaculture Research Institute (UIARI;
Jensen et al. 2008). As a result of this success, the Kootenai Tribe of Idaho (KTOI), Idaho
Department of Fish and Game (IDFG), and British Columbia Ministry of Forests, Lands and
Natural Resource Operations (MFLNRO) have stocked larval, juvenile, and adult Burbot into the
Kootenai River Basin and its tributaries since 2009, in an effort to aid natural production and test
specific population-limiting factors.
As identified by Neufeld et al. (2011), one important facet to the success of the
conservation aquaculture efforts on the Kootenai River was to determine if hatchery progeny
from lake-origin Burbot would adapt well to a riverine environment. Previous telemetry
evaluations of lake-origin juvenile Burbot released into the Kootenay River (Neufeld et al. 2011;
Stephenson et al. 2013), revealed that adult Burbot (age-2+) dispersed quickly from release
tributaries and dispersed great distances, covering up to 235 km, including both lacustrine and
riverine habitat. In comparison, the dispersal of age-1 (juvenile) Burbot from release tributaries
was slow (or non-existent) and was substantially less than that of older Burbot (Stephenson et
al. 2013). These studies provided crucial insight on Burbot early life history and adaptation. In
addition, recent studies have provided valuable insights on the long-term adaptation of lake-
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origin Burbot progeny released into a riverine environment. Using a Passive Integrated
Transponder (PIT) array and mark recapture evaluations through hoopnet sampling, research
reported herein investigated survival, growth, spawn timing, and broad-scale dispersal of lakeorigin Burbot released into the Kootenai River basin and compared these metrics to those of the
historical, native population. Such information is particularly important for guiding current and
future restoration programs in the Kootenai River Basin and across the northwestern United
States.

GOAL
The long-term management goal of this study was to restore the Burbot population in the
Idaho reach of the Kootenai River in order to (ultimately) provide a sustainable harvest of
Burbot.
OBJECTIVES
1.

Characterize the status of the Burbot population in the Kootenai River, Idaho.

2.

Characterize spatiotemporal occurrence(s) of spawning in the Kootenai River, Idaho.

3.

Evaluate the success of various aquaculture stocking strategies, from 2009-2015.

4.

Identify and experimentally evaluate potential factors limiting recruitment of Burbot in the
Kootenai River, Idaho.

5.

Evaluate survival, movement, and habitat use of Burbot in Deep Creek and other
tributaries to the Kootenai River in Idaho.

6.

Evaluate the presence/absence of larval Burbot in the Kootenai River, Idaho during
spring 2016.
STUDY AREA

The Kootenai River is the second largest tributary to the Columbia River and its drainage
is the third largest (approximately 49,987 km2; Bonde and Bush 1975). The river originates in
Kootenay National Park, BC, and discharges south into Montana, where Libby Dam impounds
water into Canada and Montana and forms Lake Koocanusa (Figure 2.1). The river flows west
from Libby Dam, northwest into Idaho, then north into BC and Kootenay Lake. The river then
drains out of the West Arm of Kootenay Lake, and it eventually joins the Columbia River near
Castlegar, BC. Kootenay Lake has a surface area of 390 km2 and is a fjord-like lake, running
north-south in the trench formed between the Selkirk and Purcell mountains. Approximately 105
river kilometers (rkms) flow through the Idaho section of the Kootenai River Basin.
During the study period reported herein, hoopnet sampling for adult Burbot occurred at
18 sites between rkm 144.5 (Nick’s Island, near Creston, BC) and rkm 244.5 (Ambush Rock,
near Bonners Ferry, Idaho), five sites in Deep Creek, Idaho, and one site in each of Boundary
and Smith creeks (Figure 2.1). Larval sampling occurred from rkm 170 (Porthill, near the Idaho
and BC border) to Ambush Rock. A PIT tag array was installed in Deep Creek in October 2012,
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approximately seven km upstream from its confluence with the Kootenai River (Figure 2.1), and
it has been operated continuously since installation.

METHODS
Burbot Hoopnet Sampling
Burbot Stocking
Following the success of intensive culture at the UIARI and the new KTOI Burbot and
Sturgeon hatchery, approximately 1,700,000 Burbot (ranging in age from larvae to age-2) were
released into the Kootenai River and its tributaries from 2009-2015 (Table 2.1). During this
same time, approximately 44,500 juveniles (age-0 to -2) were tagged with PIT tags (FDX [20092013] and HDX [2014-2015]; BioMark Inc. 9 mm and Oregon RFID 12 mm, respectively) and
released into tributaries to and the mainstem of the Kootenai River by KTOI, MFLNRO and
IDFG personnel (Table 2.1). In addition, approximately 315,000 larvae (40-days post-hatch
[DPH]) were released at each of Ambush Rock and Porthill in spring 2015 to (1) evaluate
whether or not larval-released Burbot would survive and recruit to the adult population and (2)
estimate survival of larval-released Burbot.
Mainstem Hoopnet Sampling
Adult Burbot were sampled at 18 locations using 36 baited hoopnets during winter
2015/16 (eight Canadian and ten U.S. sites; Figure 2.2) in order to measure relative changes in
the population through catch-per-unit-of-effort (CPUE; number of Burbot/net-day) and other
population metrics. Six historical index sites (since 1994) along with an additional 12 sites were
sampled from December 1, 2015 to March 31, 2016 to collect information on CPUE, growth,
year class survival, and spawning activity within the Kootenai River. From 1996-2009, each river
site was sampled using hoopnets (2.00 m x 0.61 m) with 25.4 and 19.1 mm bar-mesh sizes.
Beginning in 2010, two hoopnets of 19.1 and 6.4 mm bar-mesh sizes were paired at each site to
evaluate gear selectivity; this has been the standard protocol since 2010. All nets were baited
with frozen kokanee Oncorhynchus nerka and checked three times per week. Burbot captured
in nets deeper than nine meters were re-set to one-half the original depth for approximately 24
hours to allow for fish decompression and reduce barotrauma-related mortality (Neufeld and
Spence 2007). All captured Burbot were counted, measured for TL (mm), weighed (g), and
examined for previous tags. All untagged Burbot were injected with a unique HDX PIT-tag into
the right anterior dorsal muscle for future analyses, including: population estimates, growth,
survival by year class, and others. Tissue samples for genetic analysis were collected from the
anterior portion of the dorsal fin of all tagged and untagged Burbot to determine origin (i.e.,
hatchery or wild), year-class, release location, age-at-release, and sex using Parental Based
Tagging (PBT) analysis (methods described by Anderson and Garza 2005; Steele and
Campbell 2011). Evidence of spawning was determined using methods described by Kozfkay
and Paragamian (2002), where the number of flowing males, gravid females, and spent adults
were recorded. Fish that were recaptured within a 14-day period and exhibited weight loss were
also used to identify approximate spawn timing.
Tributary Release Monitoring
On October 11, 2012, a dual-reader (i.e., FDX and HDX) Biolite BioMark Passover PIT
antenna was installed in Deep Creek, Idaho, approximately seven rkms from the confluence
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with the Kootenai River (Figure 2.1). Details regarding operations of the array, Burbot PIT
tagging protocol, and Burbot release numbers and locations (from 2012-2015) can be found in
Ross et al. (2015). A total of 3,000 juvenile Burbot was released at six sites upstream from the
mouth of Deep Creek in November 2015. Details regarding release locations and numbers in
2016 can be found in Beard et al. (2016; In preparation). To gather additional information on
growth and survival of age-0 Burbot from stocking events in Deep Creek, five 12.7 mm mesh
hoopnets were set at existing mobile HDX PIT tag array sites (more detail can be found in the
subsequent section of this report titled, Burbot Survival, Movement, and Habitat Use in Deep
Creek, Idaho). In addition, one site in each of Boundary and Smith creeks was sampled with
12.7 mm bar-mesh hoopnets in February and March 2016.
Burbot Survival, Movement, and Habitat Use in Deep Creek, Idaho
The Idaho Department of Fish and Game began funding a graduate project with the
Idaho Cooperative Fish and Wildlife Research at the University of Idaho in summer 2014. The
primary objective of the project was to evaluate survival, movement, distribution, and habitat use
of Burbot that were stocked into Deep Creek, Idaho. To date, very few of the Burbot stocked
into Deep Creek (since 2012) have been (1) captured in main-stem or Deep Creek hoopnetting
or (2) detected crossing the Biomark dual reader PIT array in Deep Creek; therefore, the fate of
these fish remains unknown. The study was completed in 2016 and details of the study can be
found in Beard et al. (2016; In review) and Beard et al. (In preparation).
Briefly, methodology for the project included: measuring habitat across transects in Deep
Creek, measuring habitat at known Burbot locations, systematic electrofishing surveys,
systematic mobile PIT tag reader surveys, installation and maintenance of five stationary, passover HDX PIT tag arrays distributed throughout Deep Creek, and Program MARK survival
analyses.
Potential Effects of Water Temperature on the Egg Hatching Success, Larval
Development, and Larval Survival of Burbot
The Idaho Department of Fish and Game began funding a PhD dissertation with the
UIARI in fall 2015. The project is ongoing and scheduled to be completed in 2018. The primary
research objectives were threefold: (1) to assess historic and contemporary regimes of the
lower Kootenai River in relation to Libby Dam operations and climate; (2) to conduct
experiments that tested the effects of different temperatures on Burbot spawning, embryo
development and larvae energetics; and (3) to identify models of river flow management and
climate that supported early life stages of Burbot. The overarching goal was to provide resource
managers with information that determines if post-dam river regimes enable or prohibit natural
recruitment. Results from the study will be available on or before 2018 in the form of multiple
peer-reviewed manuscripts and a dissertation.
Briefly, methodology for the project included: (1) identifying “typical” thermal regimes and
temperature spikes for the lower Kootenai River from 1994-2016 and historic pre-dam
temperature regimes from 1967-1972, (2) exposing adult Burbot to different temperature
regimes before spawning and evaluating potential effects on spawn timing and early embryo
development, and (3) evaluating the effect of exposing Burbot eggs to varying temperature
regimes as gauged by egg hatching success, embryo deformity, and larval survival.
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Main-stem Larval Sampling
Four sites in the main-stem Kootenai River were sampled for larval Burbot in spring
2016 using light traps constructed by Aquatic Research Instruments. The lights traps were clear,
quadrefoil traps measuring 30 cm diameter x 25 cm height arranged with a cloverleaf shaped
array of vertical cylinders containing 1.5 mm wide vertical slits for larval entry into the traps. The
traps were constructed of clear polycarbonate material and contained a fixed width collection
basin with a 400 micron sieve to drain water. The top of the trap was fit with a flotation block of
foam, and the central light tube was 28 mm diameter x 25 cm height with a rubber cap.
Illumination of the traps was achieved via 48-hour military-grade chemical light sticks. Site
locations were chosen such that they were downstream of known spawning locations for adult
Burbot, and traps were set in microhabitats that were speculated to likely congregate larval
Burbot due to of flow dynamics. Two lights traps were set at each of the following sites: Ambush
Rock, Deep Creek confluence, Myrtle Creek confluence, and Boundary Creek confluence
(Figure 2.1). Light traps were set for the first time on April 5, 2016 and pulled out of the river on
June 3, 2016. The traps were set every Monday, checked every 24 hours through Friday, and
then removed from the river over all weekends. Contents in each trap were placed into vials
while in the field and processed later in a lab. Processing of samples included visual
identification and enumeration of all larval Burbot and enumeration (only) of all bycatch.
RESULTS
Burbot Hoopnet Sampling
Eighteen river sites were sampled from December 1, 2015 to March 31, 2016, totaling
3,838 net-days and 1093 captured Burbot. Catch-per-unit-of-effort across all sites (i.e., index
and non-index) in the 2015/16 season was the second highest on record since 1992 (0.28
Burbot/net-day; Figure 2.3a), with CPUE during the 2015/16 season being 15% lower than that
observed during the 2014/15 season. Conversely, CPUE at only the index sites during the
2015/16 season was the highest on record since 1996 (0.31 Burbot/net-day; Figure 2.3b), with
CPUE during the 2015/16 season being 7% higher than that observed during the 2014/15
season. Catch-per-unit-of-effort at the index sites has been consistently monitored from 19962015, and, therefore, is the most reliable metric for long-term trend interpretation.
Catch rates across all sites remained relatively constant (temporally) throughout the
sampling period, with the exception of a substantial increases at U.S. sites (primarily Ambush
Rock; Figure 2.4) from mid-February to mid-March. During this peak (2012-2015), flowing males
and gravid females (as gauged by expression of gametes) were captured primarily at Ambush
Rock (rkm 244.5), Deep Creek Confluence (rkm 240), Myrtle Creek (rkm 234), and Porthill (rkm
170). The 2012/13, 2013/14, 2014/15, and 2015/16 peaks in CPUE (during spawning) coincided
with a substantial amount of weight loss in Burbot recaptured within 14 days of initial handling,
which was indirect evidence of spawning (attempts) in the river. Comparison of the 2013 and
2014 catch rate peaks at Ambush Rock (March 11, 2013 and March 4, 2014) with the
historically greatest sampling season catch rate for wild Burbot (February 11, 2001) indicated
that spawn timing peaked approximately 30 days later for the lake-origin progeny (Figure 2.4).
However, peak CPUE at Ambush Rock during the 2014/15 and 2015/16 seasons occurred on
February 18, 2015, which was only one week later than when it was recorded for wild Burbot in
2001.
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Of the 1,093 total captures in 2015/16, 643 (58%) were unique individuals consisting of
306 Burbot without PIT tags and 337 with PIT tags at first capture. The 337 Burbot recaptured
with PIT tags were identifiable to a release location and age-at-release (Figure 2.5). Of the PITtagged Burbot that returned to the hoop nets, year class assignments indicated that the majority
came from 2009, 2011, and 2012 year classes (Table 2.2; Figure 2.6). However, 2008 and 2009
year classes had the highest proportion of returns (i.e., 5.26% and 7.71%, respectively), based
on the total number of Burbot stocked with PIT tags by year class (Table 2.2). Evaluation of 950
Burbot recaptures from the combined 2012/13, 2013/14, and 2014/15 winter hoopnet seasons
indicated that hatchery-reared Burbot distributed throughout the sample locations (i.e., riverwide), with the majority being recaptured upstream from the original stocking location (Figure
2.5). The highest return of PIT tags came from fish released at Boundary Creek, Porthill, and
Deep Creek Confluence release locations with cumulative returns of 1.4%, 2.8%, and 3.4%,
respectively (Figure 2.7).
Cursory comparisons of the effects of mesh size and depth on CPUE, mean TL, and sex
ratios were completed and described in Hardy et al. (2016). A formal analysis will be conducted
and reported on in the 2016/17 annual report.
Length-at-age at time of capture indicated that Burbot annual growth of Burbot ranged
from 60-114 mm/ year (Figure 2.8). Growth rates appeared to be similar to those from wild
Kootenai River Burbot captured and aged using otoliths in the early 1980s, and higher than
rates estimated in the late 1950s (Figure 2.8; Partridge 1983).
Tributary Release Monitoring
Between October 19, 2015 and March 23, 2016, 208 unique Burbot were detected
crossing the Deep Creek PIT tag array (Tables 2.3 and 2.4). Forty-five of the detections were
Burbot that were originally released into Deep Creek as juveniles, and the remaining 162
detections were from individuals that were released at locations in the mainstem Kootenai River
(Table 2.5). Interestingly, Burbot from all release locations were detected crossing the PIT tag
array in Deep Creek, with the two most dominant release locations being individuals from
Porthill and Deep Creek confluence (Table 2.4). Individuals from nearly all year classes (i.e.,
2011-2015) were detected at the array, and the majority of detections were from the 2011 year
class (Table 2.4). During the 2015/16 season, there was a total of 394 unique daily detections
recorded on the PIT tag array from 10/19/2015-4/30/2016 (Figure 2.9). The vast majority of
these detections (i.e., 86%) occurred from 1/31/2016-3/7/2016, which is roughly the spawning
window for Burbot in the Kootenai basin. These data were the first on record to indicate such
widespread use of Deep Creek by Burbot of all age classes and from all release locations.
Although the PIT tag array in Deep Creek indicated substantial use of the stream during
the spawning season, hoopnet sampling in Deep Creek only yielded five individual Burbot from
December 1, 2015-March 31, 2016. All of the Burbot captured were from the 2014 year class
that were stocked in Deep Creek. Similarly, there were no Burbot captured in Smith Creek,
which was sampled with one hoopnet during February and March of 2016. Contrarily, Boundary
Creek was fished with one hoopnet during February and March of 2016, and it yielded a total of
29 unique Burbot during the time it was sampled. Captures of these fish were the first
documented use of Boundary Creek by Burbot since the 1960s. Nearly all year classes were
represented in the catch (i.e., 2009 and 2011-2014), and fish from release locations near Porthill
were dominant.

45

Burbot Survival, Movement, and Habitat Use in Deep Creek, Idaho
This study was completed in 2016 and details of the study can be found in Beard et al.
(2016; In review) and Beard et al. (In preparation).
Potential Effects of Water Temperature on the Egg Hatching Success, Larval
Development, and Larval Survival of Burbot
This study is currently underway and scheduled to be completed by 2018. When the
study is completed, a PhD dissertation and multiple peer-reviewed manuscripts will be cited to
reference the findings.
Main-stem Larval Sampling
No larval Burbot were captured during the sampling period; however, several other
species of larval fish were captured, indicating that the light traps were effective at attracting and
capturing larval fish.

DISCUSSION
Burbot Hoopnet Sampling
Main-stem Hoopnet Sampling
Many lacustrine Burbot populations are adfluvial in nature, residing in a lake
environment and migrating to rivers only to spawn (Sorokin 1971); however, results from the
present study indicate that Burbot possess an adaptive plasticity to occupy and survive in
various habitats, independent of parental origin. Data gleaned from PIT tag returns have
continued to reveal valuable insights about the Burbot population. Burbot with PIT tags have
been released into the river from 2009-present, and fish from all year classes and release
locations appear to be surviving and recruiting to the adult, spawning-age population. In
addition, Burbot continue to widely disperse throughout the Kootenai River system, and the
majority of dispersal has been in an upstream direction from original stocking location. In the
early phases of the Burbot restoration program, researchers were concerned that stocking
Burbot progeny from lacustrine broodstock would result in fish migrating downstream to reside
strictly in Kootenay Lake, BC; this does not appear to be occurring at a large scale.
Trend CPUE (i.e., at index sites) of Burbot captured in hoopnets increased over 7,500%
in the 2015/16 sampling season (0.31 fish/net-day) relative to mean catch rates from 2006-2011
(0.004 fish/net-day). Although catch rates of Burbot have substantially increased since initial
stocking, the Kootenai River population remains low in abundance relative to other Burbot
populations, and successful recruitment in the wild has yet to be confirmed. In comparison,
catch rates of Burbot in Moyie Lake, B.C. were 0.5 to 2.2 fish/net-day (Prince 2007), the Chena
and Tanana rivers of Alaska were 0.9 and 1.2 fish/net-day, respectively (Evenson 1993), and
four Alaskan Lakes ranged from 0.5-3.0 fish/net-day (Parker et al. 1988). Abundance of Burbot
in the Kootenai River was unknown prior to Libby Dam; therefore, Paragamian and Hansen
(2009) used the population and CPUE data in the aforementioned water bodies as surrogate
restoration targets to guide the Kootenai River recovery program. Assuming catch rates of
Burbot in the Kootenai River continue to increase at the rate documented over the last three
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sampling seasons, population objectives (Paragamian and Hansen 2009) may be achieved in a
relatively short period of time.
As the density of Burbot increases in the Kootenai River, additional data will become
available to further identify and investigate various factors limiting recruitment of the population.
Perhaps most notable is the apparent survivability of six-month old juveniles released into the
river. The vast majority of Burbot that are PIT tagged upon release from the hatchery are
juveniles that are approximately six-months of age. These fish appear to be surviving to
adulthood, which suggests that the recruitment bottleneck is occurring sometime between egg
deposition and six-months of age. The release of PBT tagged larvae in May 2015 could
potentially narrow this recruitment window down much further if any individuals from these
release events survive and are captured in hoopnets.
Along with increasing densities, the present study also indicated that Burbot stocked into
the Kootenai River have located adequate food resources. Growth rates of Burbot from 2009present were similar to those of wild fish historically captured in the Kootenai River in the early
1980s, higher than those captured in the late 1950s (Partridge 1983), and comparable to other
northern waterbodies that support healthy Burbot populations (Katzman and Zale 2000). Burbot
grow rapidly in their first year and, depending on food resources and length of growing season,
can reach 110-120 mm in TL by late fall (Chen 1969; Sandlund et al. 1985). Although few age-1
fish were recaptured in the present study, mean growth increments across all age groups
averaged 96 mm/yr. As density increases, trends in growth rates could potentially decrease
which could negatively affect other vital rate functions. Therefore, monitoring (of this rate
function) is crucial for balancing release numbers with food and habitat availability.
Multiple lines of evidence suggested that lake-origin, hatchery-reared Burbot adapted to
spawn in the Kootenai River and its tributaries in mid-February 2016. Adults from nearly all
main-stem stocking locations and across most year classes made distinct movements into and
from Deep Creek during the same spawning window, suggesting that Deep Creek may also be
a spawning location for Burbot in the Kootenai system. However, catch rates during the 2013
and 2014 seasons (at historically known spawning locations; Paragamian et al. 2000) peaked
later and at warmer temperatures than reported for wild Burbot in the Kootenai River (Kozfkay
and Paragamian 2002). The observed peak in spawn timing from the 2013 and 2014 seasons
was also later than the mid- to late February spawn timing in Moyie Lake, where the original
broodstock were collected (Matt Neufeld, MFLNRO, personal communication). During the
2014/15 and 2015/16 season, however, the peak in catch rates at Ambush Rock was slightly
earlier (i.e., February 18, 2015) than in previous years, suggesting that there is likely annual
variability in the timing of spawning in the Kootenai River. A shift to later spawn timing could
directly affect hatching success of Burbot in the Kootenai River. Taylor and McPhail (2000)
suggested that maximum egg survival occurred at 3°C, with 0% survival above 6°C. In addition,
the authors reported the mean time-to-hatching increased from 41 to 46 days when the
incubation temperature was reduced from 5°C to 3°C. Temperatures in the Kootenai River (at
Ambush Rock) following the 2013, 2015, and 2016 spawning events exceeded the lethal
temperature (6°C) during the critical 40-45 day incubation period; however, the thermal
threshold was not exceeded during the 2014 season. Therefore, if the spawn timing of the
newly-stocked Burbot population in the Kootenai River was later than the historical and donor
populations, eggs could be subjected to thermal peaks exceeding lethal levels. Identification of
hatchery-reared Burbot (1) surviving and then (2) spawning in known historical riverine locations
was a significant measure of success for the conservation aquaculture program (for Burbot) in
the Kootenai River. In future years, the final steps will be to document natural recruitment (via
PBT and larval sampling) and critically evaluate and test the influence of temperature on spawn
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timing, egg-hatching success, and larval development and survival. Not only will this information
help drive identification of potential tributaries for future release efforts, but it may also inform
operations of the United States Army Corps of Engineers (USACOE) on how to manage the
selective temperature withdrawal system at Libby Dam in a way that will promote successful
recruitment of Burbot.
Tributary Release Monitoring
Relatively few juvenile Burbot have passed over the PIT tag array in Deep Creek since it
was installed in October 2012, which raises questions about the survival of fish from these
stocking efforts. Further evaluation with hoopnets set at multiple locations upstream from the
array yielded few individuals relative to the number of Burbot stocked in Deep Creek, further
supporting the notion that survival may be low. Results from a previous telemetry study
suggested that older Burbot (i.e., age-2 and -3) exhibited wide-ranging dispersal behaviors;
whereas, age-1 Burbot remained relatively close to stocking locations (Stephenson et al. 2013).
Therefore, it was perhaps not surprising that age-0 and age-1 Burbot in Deep Creek did not outmigrate. However, it was expected that as Burbot recruited to older age-classes, they would outmigrate to the Kootenai River, which has not occurred. Findings from Stephenson et al. (2013)
suggested that stocking Burbot at younger ages may increase residence time in targeted
tributaries that purportedly have suitable habitat. It is currently unknown whether or not this
increased residence time would be beneficial to survival and recruitment to the main-stem
Burbot population. Detections of 208 additional hatchery-reared Burbot in 2015/16 revealed
interesting and unexpected movement patterns. These fish were originally stocked in the main
stem of the Kootenai River, as far downstream as the Goat River (rkm 170) and as far upstream
as the Moyie River (rkm 259), and they represented nearly all year classes. Detections of these
adult Burbot in Deep Creek indicate that hatchery Burbot have the ability to pioneer into habitats
and tributaries, potentially in search of suitable spawning habitats. This suggestion was further
supported by the capture of adult Burbot in Boundary Creek during 2015/16. Future
assessments of relative survival and movement patterns of tributary- stocked and tributaryutilizing Burbot (i.e., main-stem stocked but using tributary habitats) should aid in determining
optimal release strategies to promote survival and bolster recruitment of wild Burbot in the
Kootenai River system.
Burbot Survival, Movement, and Habitat Use in Deep Creek, Idaho
This study was completed in 2016 and details of the study can be found in Beard et al.
(2016; In review) and Beard et al. (In preparation).
Potential Effects of Water Temperature on the Egg Hatching Success, Larval
Development, and Larval Survival of Burbot
This study is currently underway and scheduled to be completed by 2018. When the
study is completed, a PhD dissertation and multiple peer-reviewed manuscripts will be cited to
reference the findings.
SUMMARY
The present study, in combination with other recent investigations (Neufeld et al. 2011;
Stephenson et al. 2013) provides evidence that Burbot progeny from a lacustrine broodstock
can successfully survive, grow, disperse, and spawn in a riverine environment. Similar to many
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fish species, Burbot express fluvial, adfluvial, and lacustrine forms of migration and homing
during their life history (Sorokin 1971, Evenson 1993, McPhail and Paragamian 2000). With
potential broodstock sources readily available in many lacustrine environments, the release
strategies in the present study may be important to current and future restoration programs
across the Northwest.
RECOMMENDATIONS
1.

Provide comprehensive analyses and recommendations to management by 2018 that
provide clear criteria for opening up a Burbot fishery on the Kootenai River.

2.

Fully evaluate natural production and hatchery contribution through using PIT tags and
PBT genetic marking.

3.

Use available data to refine our understanding of what is limiting natural production in
order to optimize a Systems Operation Request to the USACOE for Libby Dam.

4.

Continue sampling index locations to measure changes in abundance, survival, and size
structure.

5.

Continue larval sampling for Burbot in the Kootenai River during spring 2017.
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TABLES
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Table 2.1.

Total number of Burbot released from 2009-2015 into the Kootenai River and its
tributaries. Fish were tagged with FDX PIT tags from 2009-2013; fish have been
tagged with HDX PIT tags since 2014. Those without tags were primarily larval
releases. Untagged fish from 2011-2015 will be able to have year class assigned
by genetic analysis, and untagged fish from 2015 will be also be able to have
release location and age-at-release assigned by genetic analysis.

Stock Year Year Class Tagged Releases Untagged Releases Total Release Number
2009
2006
7
7
2007
23
23
2008
1
1
2009
178
178
2010
2007
5
5
2008
18
18
2009
551
4
555
2010
1,576
1,576
2011
2009
6
26
32
2010
30
90
120
2011
16,289
53,975
70,264
2012
2010
82
82
2011
656
656
2012
3,392
268,305
271,697
2013
2011
71
71
2012
600
1
601
2013
10,011
450,872
460,883
2014
2010
16
16
2012
16
16
2013
218
218
2014
3,473
3,473
2015
2014
30
30
2015
9,946
895,205
905,181
Total
45,441
1,670,232
1,715,703
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Table 2.2.

Total number of Burbot stocked from 2009-2015 and recaptured in hoopnets
since the conservation aquaculture program began. Year classes from 20062008 were stocked in 2009. Percent return indicates the total number of
recaptures since stocking began in 2009.
Year Class
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
Totals

Table 2.3.

Total Released
7
28
19
765
1,794
70,991
272,314
461,101
3,503
905,181
1,715,703

Recaptured
0
0
2
94
2
726
102
126
4
8
1064

% Return
0.00
0.00
10.53
12.29
0.11
1.02
0.04
0.03
0.10
0.00
0.06

Number, release location, and direction and distance of movement of Burbot
detected at the Deep Creek PIT tag array from 10/19/2015– 3/23/2016.

Release Location

Direction from Array

Distance from Array (rkms)

Boundary Creek
Deep Creek Confluence
Deep Creek Proper
Ferry Island
Goat River
Moyie River
Porthill
Unknown
Total

Downstream
Downstream
Upstream
Downstream
Downstream
Upstream
Downstream
-

77
7
2-14
42
94
26
77
-

Table 2.4.

n
4
20
45
30
8
1
44
56
208

Number of Burbot from each year class detected at the Deep Creek PIT tag array
from 10/19/2015-3/23/2016.
Year Class
2011
2012
2013
2014
2015
Unknown
Total

n
82
30
41
23
20
12
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FIGURES
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Figure 2.1.

Map of the Kootenai Basin, including Kootenay Lake, the Kootenai River,
Koocanusa Reservoir, Moyie Lake, and major tributaries to the Kootenai River in
Idaho and British Columbia.
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Figure 2.2.

Map of hoopnet locations in the Kootenai River in Idaho and British Columbia.
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Figure 2.3.

Catch-per-unit-of-effort (Burbot/net-day) and effort (d) of hoopnet sampling for (a)
all sites and (b) index sites from 1992-2015. Annual sampling started December
1 and ended March 31. Sample year indicates the year sampling started (e.g.
2015/16 season is 2015 on the x-axis).
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Figure 2.4.

Catch-per-unit-of-effort (Burbot/net-day) of Burbot captured in hoopnets at
Ambush Rock (rkm 244.5; historical index location) in the Kootenai River in the
2000/01, 2012/13, 2013/14, 2014/15, and 2015/16 winter sampling seasons.
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Figure 2.5.

Proportion of Burbot recaptured in the 2015/16 winter hoopnet sampling season
in relation to their original release location (n=337).
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Figure 2.6.

Length frequency and year class assignments from PIT-tagged Burbot captured
in hoopnets in the Kootenai River from (a) December 1, 2013 through March 31,
2014, (b) December 1, 2014 through March 31, 2015, and (c) December 1, 2015
through March 31, 2016.
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Figure 2.7.

Percent return of PIT-tagged Burbot from historical stocking locations. Values
indicate the number of individual, PIT-tagged Burbot that have been captured
relative to the total number of PIT tagged fish released at each location.
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Figure 2.8.

Mean length-at-age at time of capture for Burbot captured in hoopnets from
2012-2015 compared to that of fish captured in 1979-81 and 1957/58.
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Figure 2.9.

Number of unique daily detections at the Deep Creek PIT-tag array during the
2015/16 winter sampling season.
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CHAPTER 3: NATIVE SALMONID MONITORING AND EVALUATION
ABSTRACT
Lake Koocanusa, the reservoir created by Libby Dam in Montana, acts as a nutrient
sink, retaining approximately 63% of total phosphorus and 25% of total nitrogen entering the
system. Declines in fish stocks have long been attributed to this loss of nutrients (along with
other factors) via bottom-up trophic cascades. A large-scale nutrient restoration program (using
phosphate fertilizer) was implemented in the Idaho portion of the Kootenai River in 2005 to
restore various fisheries by increasing primary production. Annual electrofishing surveys were
conducted at multiple biomonitoring sites before and after nutrient addition in order to evaluate
fish catch-per-unit-of-effort (CPUE), biomass-per-unit-of-effort (BPUE), and various population
metrics (e.g., survival, recruitment, and others). An additional biomonitoring site was added and
sampled in 2015, upstream from the nutrient addition site. Lastly, a basinwide otolith
microchemistry study aimed at determining natal origins of catchable, adult Rainbow Trout in
the Kootenai River was initiated in 2014 and will likely be completed by the end of 2017.
Collectively, results of this project indicate that the program has largely been successful;
however, additional research and analyses are needed to better understand different effect
levels.

Author:

T.J. Ross
Sr. Fishery Research Biologist
Idaho Department of Fish and Game
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INTRODUCTION
The Kootenai River basin has been impacted by many anthropogenic activities (e.g.,
agriculture, mining, land use practices, and the construction and operation of Libby Dam), all of
which have affected the ecosystem and led to declines in resident fish populations. Libby Dam
has significantly altered the flow regimes and channel morphology of the Kootenai River since it
was constructed in the early 1970s. It has depleted nutrients downstream and caused a decline
in primary productivity in the Idaho portion of the river (Woods 1982; Snyder and Minshall 1996).
By the 1990s, reduction in productivity translated to a two- to four-fold decrease in the number
of Mountain Whitefish Prosopium williamsoni compared to 1980-81 (Partridge 1983;
Paragamian 1990); this was one noticeable effect, among many.
Lake Koocanusa, the reservoir created by Libby Dam, acts as a nutrient sink (Snyder
and Minshall 1996), retaining approximately 63% of total phosphorus (P) and 25% of total
nitrogen (N) entering the reservoir (Woods 1982). Due to low current velocities in the reservoir,
nutrients bind to sediments and precipitate out of solution (Snyder and Minshall 1996), making
them unavailable to organisms below the dam. Consequently, the Idaho portion of the Kootenai
River has been considered “nutrient poor” (ultraoligotrophic) and P-limited (Snyder and Minshall
1996) since the completion of Libby Dam. The loss of nutrients in the Idaho portion of the
Kootenai River has reduced primary production and has likely contributed to poor fish
production over the past two decades.
Primary production is the foundation of bioenergetic development in higher trophic levels
(Vannote et al. 1980). Evidence of community shifts in the Kootenai River has been seen at
multiple trophic levels before and after the completion of Libby Dam. For example,
macroinvertebrate abundance and species diversity prior to the construction of Libby Dam were
significantly higher in the upper canyon sections (near the current Nutrient Addition Zone) of the
river and are now considered low in relation to other rivers in northern Idaho (Bonde and Bush
1975; Snyder and Minshall 1996). Specialized species such as caddisflies, stoneflies, and
mayflies decreased in abundance (Hauer and Stanford 1997), and generalist species, such as
aquatic worms, increased (C. Holderman, Kootenai Tribe of Idaho [KTOI], personal
communication). This could be problematic for those fish species that rely on insect diversity for
survival. Paragamian (2002) reported shifts in fish species assemblages in the Kootenai River
from feeding “specialists,” such as Rainbow Trout Oncorhynchus mykiss and Mountain
Whitefish, to more habitat and feeding “generalists,” such as Peamouth Chub Mylocheilus
caurinus and Largescale Suckers Catostomus macrocheilus.
Increases in primary production have been successfully facilitated through the addition
of inorganic P and N in other aquatic ecosystems (Ashley et al. 1999), which in turn has been
successful in recovering wild fish populations. For example, a large-scale nutrient restoration
program was implemented in the north arm of Kootenay Lake, British Columbia (BC) in 1992 in
an attempt to recover declining Kokanee Salmon Oncorhynchus nerka populations. The results
of this effort significantly increased abundance at all levels of the food web (Ashley et al. 1999).
Significant increases in zooplankton, resulting from increased algal growth, produced a higher
abundance of Kokanee in the lake. Within seven years, Kokanee spawners in two main
tributaries to the North Arm increased from 300,000 (1992) to 2.1 million (1998). Similarly, a
study on the Kuparuk River, Alaska found that a dramatic increase in algal biomass and
productivity lead to increased growth rates of some insect species, age-0 fish, and adult fish
after four years of phosphorus addition (Peterson et al. 1993). Based on results such as these, it
was proposed that increases in primary production through nutrient restoration could be used to
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stimulate fish production in the Kootenai River via bottom up trophic cascades (Snyder and
Minshall 1996).
Liquid phosphate fertilizer (10-34-0 [N-P-K; nitrogen-phosphorus-potassium]) was first
added to the Kootenai River on July 13, 2005. During the first year, phosphorous was added to
achieve a phosphate concentration of 1.5 µg/L. In subsequent years, the dosing rate was
increased in order to achieve a phosphate concentration of 3.0 µg/L. Target concentrations of
soluble reactive phosphorus (3-5 µg/L) in streams is generally one-third to one-half of nuisance
concentrations (10 µg/L), but concentrations need to be high enough to be effective over
several river kilometers (Ashley and Stockner 2003). Nitrogen was identified to be potentially colimiting in the Kootenai River as the growing season progressed. Due to the potential stripping
of nitrate from solution by increased primary production, a threshold of 60 µg/L (of nitrate) was
established, at which point nitrate fertilizer (32-0-0) would be added to the river.
The Kootenai River Ecosystem Project was designed to support recovery of fish
populations utilizing an ecosystem-based strategy, as opposed to simply treating the symptoms
of degrading stocks and individually declining species. The addition of nutrients to this
ultraoligotrophic system was hypothesized to stimulate production in the nutrient-depleted food
web and reverse the downward trends in populations of trout, Kokanee Salmon, Mountain
Whitefish, Burbot Lota lota, White Sturgeon Acipenser transmontanus, as well as other species.
This report summarizes results specific to fish populations. Results relative to changes in
primary productivity and macroinvertebrate communities will be reported by KTOI.
Information presented in this report summarized results using (1) 95% confidence
intervals and (2) effect sizes (Cohen’s d; Cohen 1988) for statistically different comparisons (as
gauged by 95% confidence intervals), rather than formal analyses. Effect sizes were interpreted
as large (d≥0.8), medium (0.8>d>0.2), and small (d≤0.2) (Cohen 1988). Comprehensive and
diverse statistical analyses were conducted on data from the nutrient restoration project and
summarized in Ross et al. (2015). Similar analyses will be conducted and reported every three
years; 95% confidence intervals and effect sizes will be calculated and reported in the off years.
RESEARCH GOAL
Restore fish populations in the Idaho reach of the Kootenai River to densities present
prior to Libby Dam.
OBJECTIVES
1.

Evaluate whether or not total and species-specific catch and biomass rates have
changed from Pre- to Post-treatment periods.

2.

Evaluate whether or not relative weight (W r) of Rainbow Trout, Mountain Whitefish, and
Largescale Suckers has changed from Pre- to Post-treatment periods.

3.

Evaluate the effect(s) of nutrient addition and various environmental variables on growth,
mortality, and recruitment of Largescale Suckers and Mountain Whitefish.
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4.

Complete Phase 1 of a comprehensive study using strontium ratios (derived from
Rainbow Trout otolith microchemistry) to (1) establish tributary-specific strontium
signatures and (2) assign adult Rainbow Trout to natal tributaries.
STUDY AREA

The headwaters of the Kootenai River originate in Kootenay National Park in
southeastern BC, Canada (Figure 3.1). The river then flows south into northwestern Montana
and enters Lake Koocanusa, the reservoir formed by Libby Dam. The river then flows west into
the Idaho Panhandle, then north back into BC to form Kootenay Lake, and finally to the
confluence with the Columbia River at Castlegar, BC. The Kootenai River is the second largest
of the Columbia River tributaries and the third largest in drainage size (approximately 50,000
km2; Bonde and Bush 1975). The study area was comprised of approximately 106 km of the
river that flowed through the Idaho Panhandle, along with three control sites (two in Montana
and one in BC).
The Montana and Idaho portions of the Kootenai River below Libby Dam can be
separated into three distinct river habitat types. Directly below the dam, the river flows through a
narrow canyon segment characterized by steep canyon walls, high gradients, and
boulder/cobble substrates. In this segment of the river, the channel has an average gradient of
0.6 m/km, and the velocities are often higher than 0.8 m/s. Downstream from the canyon
segment there is a braided transition segment that extends from the Moyie River, Idaho to the
town of Bonners Ferry, Idaho (Figure 3.1). Downstream from the braided transition segment,
velocities slow to less than 0.4 m/s, average gradient is 0.02 m/km, the channel deepens, and
the river meanders through the Kootenai Valley (termed the meander segment).
Biomonitoring sites for the study were established to gather fisheries and lower trophic
level data, before and after nutrient addition (Figure 3.2). Fish populations were surveyed at
eight biomonitoring sites in 2015, two of which were control sites. The first control site (KR10)
was located in the Montana portion of the Kootenai River, termed the Control Zone of the river,
and it was sampled from 2002-2015. The second control site (KR10.5) was also located in the
Control Zone of the river near the town of Troy, MT and it was first sampled in 2015. Four sites
were located within the Nutrient Addition Zone of the river (sites KR9.1, KR9, KR7, and KR6).
Site KR9.1, located one km downstream from the nutrient addition site, was sampled from 20092015. Site KR9 was located approximately ten km downstream from the nutrient addition site,
and it was sampled from 2002-2015. Site KR7, located approximately 15 km downstream from
the nutrient addition site, was sampled from 2014-2015. Site KR6 was located approximately 20
km downstream from the nutrient addition site, and it was sampled from 2002-2015. The next
two sites were downstream from the town of Bonners Ferry, Idaho, and they were considered to
be in the Downstream Zone of the river. Site KR4 was approximately 68 km downstream from
the nutrient addition site, and site KR2 was approximately 157 km downstream from the nutrient
addition site. Both KR4 and KR2 were sampled from 2002-2015. Sites KR10.5, KR9.1, and KR7
did not have any pretreatment data, so they were not included in any formal analyses.
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METHODS
Fish Community Assessment
Abundance, Biomass, and Relative Weight
Boat electrofishing was conducted during September from 2002-2015 at five
biomonitoring sites (sites KR10, KR9, KR6, KR4, and KR2). Site KR9.1 was sampled from
2009-2015, KR7 was sampled from 2014-2015, and KR10.5 was sampled beginning in 2015.
Collectively, sites that were surveyed in 2015 included KR10, KR10.5, KR9.1, KR9, KR7, KR6,
KR4, and KR2 (Figure 3.2). Sites were sampled using a jet boat (five meters long) equipped
with a Coffelt VVP-15 electroshocker powered by a 5000 watt Honda generator. Electrofishing
settings were typically set to generate 6-8 amps at 175-200 volts. The sampling crew consisted
of two netters and one driver. All fish, regardless of species and size, were netted in order to get
a representative sample of the fish community at each site. In order to increase replication, each
biomonitoring site was divided into six equal subsections of 333 m with 150 m separating each
subsection to ensure one was spatially independent of the next. This sampling design resulted
in one kilometer of electrofishing occurring on both the left and right banks for a total of two
kilometers of sampling, per site. A single pass was made through each subsection, starting with
lower sections first to ensure that no fish drifted into areas that had not yet been sampled. After
each subsection was sampled, the elapsed sampling time was recorded and fish that had been
collected were taken to a workup station where they were identified to species, measured (total
length [TL], mm), and weighed (g). Scales were removed from a subsample (five fish in each
ten mm length interval) of Mountain Whitefish and Rainbow Trout at each site for subsequent
ageing in the lab.
Data from these sites were used to assess relative species abundance and biomass and
to compare various population metrics. Specific population indices that were indexed included
relative species abundance as catch-per-unit-of-effort (CPUE; number of fish/minute), species
abundance by weight as biomass-per-unit-of-effort (BPUE; kg of fish/minute) and W r. These
data were used to document temporal trends in the fish community and to evaluate the
effectiveness of the addition of nutrients to the Idaho section of the Kootenai River. Relative
weight was calculated using the following equation:

where:

𝑊𝑊𝑟𝑟 =

𝑊𝑊
∗ 100
𝑊𝑊𝑠𝑠

W was the actual fish weight (g), and
Ws was a standard weight (g) for fish of the same length.
Relative weight was calculated for Rainbow Trout, Mountain Whitefish, and Largescale
Sucker using the W s available in literature (Anderson and Neumann 1996; Richter 2007).
Minimum total lengths used to calculate W s were 120 mm for Rainbow Trout (Simpkins and
Hubert 1996), 140 mm for Mountain Whitefish (Rogers et al. 1996), and a range of 170-640 mm
for Largescale Suckers (Richter 2007). Only fish that met these length criteria were included in
the W r analysis.
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Population Status
Since the implementation of new regulations for Rainbow Trout in 2002 (two fish, none
under 16 inches), proportional stock density (PSD) and quality stock density (QSD) have been
calculated annually (Anderson 1976; Gabelhouse 1984) to evaluate changes in the size
structure of the population as well as changes in estimated densities. Proportional stock density
and QSD standards are species-specific and calculated as:
𝑃𝑃𝑃𝑃𝑃𝑃 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓ℎ ≥ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ
𝑋𝑋 100
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓ℎ ≥ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ

𝑄𝑄𝑄𝑄𝑄𝑄 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓ℎ ≥ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ
𝑋𝑋 100
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓ℎ ≥ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑢𝑢𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ

Proportional stock density was calculated for Rainbow Trout using 200 mm TL as stock
length and 305 mm TL as quality length (Schill 1991). Quality stock density was calculated
using 406 mm as the specified length, which is the minimum legal length for harvest in the
Kootenai River.
Growth, Mortality, and Recruitment of Largescale Suckers and Mountain Whitefish
Growth and recruitment of Largescale Suckers and Mountain Whitefish were modeled in
order to: (1) describe population characteristics (i.e., age structure, growth, recruitment,
mortality) and (2) evaluate potential effects of mitigation activities (i.e., nutrient addition) and
water management characteristics (i.e., discharge, temperature). Full details and methodology
of this effort can be found in Watkins et al. (in press). Briefly, ages of Largescale Suckers and
Mountain Whitefish were estimated using pectoral fin rays and scales, respectively. Age-length
keys were used to estimate age structures of Largescale Sucker and Mountain Whitefish
populations (Quist et al. 2012). Total annual mortality (A) was estimated using a weighted catch
curve (Miranda and Bettoli 2007) for age-11 and older Largescale Suckers and age-4 and older
Mountain Whitefish, which appeared to be fully recruited to the sampling gear. Recruitment for
both species was described using two age-based techniques. First, recruitment was indexed
using residuals from the catch curve where positive residuals represented strong year-classes
and negative residuals represented weak-year classes (Maceina 1997). Variability in year-class
strength was assessed by obtaining estimates of Studentized residuals from the weighted catch
curve. The recruitment coefficient of determination (RCD; Isermann et al. 2002) was also used
to explain stability in recruitment. Mean back-calculated lengths at age were estimated using the
Dahl-Lea direct proportion method (Quist et al. 2012):
Li = Lc × (Si / Sc)
where Li is the length at annulus i, Lc is the length at capture, Si is the fin ray or scale radius at
annulus i, and Sc is the radius at capture. The Dahl-Lea method was used for both Largescale
Sucker fin rays and Mountain Whitefish scales because the intercept parameter (a) of the body
length-scale radius regressions was zero. Growth was further summarized by fitting a von
Bertalanffy growth model (von Bertalanffy 1938):
Lt = L∞ [1 – e –K (t – t0)]
where Lt is the mean length at age at time of capture, L∞ is the average maximum length of fish
in the population, K is the growth coefficient, and t0 is the theoretical age when length equals 0
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mm. Models were fit with nonlinear regression techniques using Program R (nlstools package;
Seber and Wild 2006; R Development Core Team 2012).
Lastly, a repeated-measures mixed-effects model was used to examine the effects of
age and year on incremental growth of Largescale Suckers and Mountain Whitefish (Weisberg
et al. 2010):
ycka = la + hc+a-1 + fck + ecka
where ycka is the ath annular increment for the kth fish from the cth year class, la is the annular
increment for a fish in the ath year of life, hc+a-1 is the environmental effect for year l = c + a – 1
which is the year that a fish in year class c was age a, fck is the effect of fish k in the cth year
class, and ecka is the model error. Age was treated as a fixed effect and year was treated as a
random effect (i.e., each year was considered a random draw from the sampling distribution) in
the model and repeated measures were taken from each fish. An autoregressive covariance
structure was used and models were fit using Program R (lme4 package; R Development Core
Team 2012). Incremental growth was modeled for age 1–9 Largescale Suckers and age 1–8
Mountain Whitefish.
Otolith Microchemistry: Natal Origins of Catchable Rainbow Trout
An otolith microchemistry pilot study was conducted on the Kootenai River from 20122014 (Ross et al. 2015). The pilot study addressed two questions as a proof-of-concept: (1)
could tributaries to the Kootenai River be differentiated from one another using strontium
isotopes derived from otoliths of pre-out-migrant, young-of-year (YOY) Rainbow Trout, and (2)
could adult Rainbow Trout collected from the main-stem Kootenai River be assigned back to
natal tributary using otolith strontium isotopes. Results verified that both questions could be
affirmatively answered. Based on the results of the pilot study, the Idaho Department of Fish
and Game (IDFG), Montana Fish, Wildlife and Parks (MFWP), Idaho Cooperative Fish and
Wildlife Research Unit, and New Mexico Cooperative Fish and Wildlife Research Unit decided
to implement a larger-scale study on the Kootenai River. The study had two objectives, both of
which are detailed below in Phases 1 and 2.
Phase 1 —The objective of Phase 1 was to establish baseline strontium signatures for
all tributaries to the Kootenai River in Idaho and Montana. During October 2014, YOY Rainbow
Trout were sampled from Boulder, Curley, Caboose, Debt, Katka, Cow, Deep (and tributaries),
Myrtle (and tributaries), Burton, Fleming, Ball, Rock, Trout, Fischer, Mission, Parker, Long
Canyon, Boundary (and tributaries), and Smith creeks; and the Moyie River in Idaho (Figure
3.3). Waters in Montana that were sampled included: the Kootenai River (Libby Dam tailrace);
Dunn, Wolf, Libby (below Big Cherry creek and upstream of Swamp creek), Big Cherry, Flower,
Parmenter, Pipe, Bobtail, Cedar, Quartz, O’Brien, Lake (upstream and downstream of the falls)
creeks; and the Yaak (upstream and downstream of the falls) and Fisher rivers (below Wolf
Creek and upstream of West Fisher) (Figure 3.3). Fish were collected using a Smith-Root
backpack electrofishing unit. When possible, all fish were collected a minimum of one km
upstream from where the tributary was confluent with the main-stem Kootenai River to ensure
that the strontium isotope signatures of each particular tributary would not be confounded by
movement of fish between the tributary and Kootenai River. Attempts were made to collect ten
YOY Rainbow Trout from each tributary. Collected fish were euthanized, placed into labeled
bags, transported on ice, and then frozen. Sagittal otoliths were later removed from each fish
and placed (dry) into a labeled vial. Otoliths were transported to the University of CaliforniaDavis where they were prepped, mounted onto multiple microscope slides, and analyzed for
strontium ratios. Each otolith underwent laser ablation from edge-to-edge, with the laser passing
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directly through the core of the otolith. To improve resolution of tributary strontium signatures,
water samples were collected from all tributaries sampled for fish. All YOY otoliths were
processed in 2015, and water samples will be processed in 2016.
Phase 2—Phase 2 is scheduled to be completed by the end of 2017. The objective of
Phase 2 will be to determine the natal (tributary) origins of a representative sample of adult
Rainbow Trout collected from the main-stem Kootenai River in Idaho and Montana. Adult
Rainbow Trout were collected and sagittal otoliths extracted during August and September 2015
using boat electrofishing and angling. Rainbow trout were collected from directly below Libby
Dam, Montana to the Idaho-British Columbia border (Figure 3.3). Fish sampling in the Montana
portion of the Kootenai River occurred within four sections located at the following river
kilometers: 351.1 to 356.7, 343.0 to 346.1, 323.5 to 328.2, and 295.7 to 299.6 (Figure 3.3). Staff
with MFWP selected these sites because they coincided with long-term population monitoring
sections on the Kootenai River and were the location of an extensive Rainbow Trout markrecapture study intended to estimate growth and survival. Staff from MFWP randomly collected
50 adult Rainbow Trout from each of the four sections (200 samples total) for strontium isotope
analysis. Sampling sites in Idaho were located approximately ten km apart, beginning at the
Idaho-Montana border and extending to the Idaho-British Columbia Border (Figure 3.3). Sites
were chosen such that they occurred between two tributaries that were sampled for YOY
rainbow trout, resulting in a total of 17 sites being sampled. A target of five adults were collected
at each site, resulting in a total of 122 adults being collected for strontium isotope analysis.
Assignments of adults to natal tributaries will occur in November-December 2016 and will rely
on tributary-specific strontium signatures identified during Phase 1. All of the Rainbow Trout
collected as part of Phase 2 were sacrificed, and their sagittal otoliths were collected and stored
and will be prepped and processed following the same protocols detailed in Phase 1. Similar to
Phase 1, water samples were systematically collected in the mainstem Kootenai River from
Kootenai Falls to the Idaho and British Columbia border in order to improve resolution of the
longitudinal strontium signature in the mainstem Kootenai River.
Statistical Analysis
The years from 2002-2005 were considered the Pretreatment Period, and 2006-2015
were considered the Post-treatment Period for all analyses involving data from the
biomonitoring sites. Site KR10 comprised the “Control Zone” of the river, sites KR9 and KR6
comprised the “Nutrient Addition Zone,” and sites KR4 and KR2 comprised the “Downstream
Zone.” This delineation remained consistent across all analyses. Sites KR10.5, KR9.1, and KR7
lacked data from the Pretreatment Period and, therefore, were not used in any analyses.
RESULTS
Fish Community Assessment
Abundance, Biomass, and Relative Weight
Twenty species of fish were identified in the catch from 2002-2015, and 34,253
individual fish were captured during the same time. The proportion of species within the catch
and the number of species identified in the catch remained relatively consistent across all years.
Six species dominated the catch in the Control and Nutrient Addition zones, including Mountain
Whitefish, Largescale Sucker, Northern Pikeminnow Ptychocheilus oregonensis, Rainbow
Trout, Peamouth Chub, and Redside Shiner Richardsonius balteatus. Biomass was dominated
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by the same species as catch, with the exception of Redside Shiner, which contributed little to
the biomass because of small body size. Proportion of species dominating catch and biomass in
the Downstream Zone was similar to that observed in the Control and Nutrient Addition zones,
with the exception of lower proportions of Mountain Whitefish and Rainbow Trout.
Abundance (CPUE)—Catch-per-unit-of-effort was calculated for the following species,
segregated by Period and river zone (Table 3.1): Brown Bullhead Ameiurus nebulosus, Bluegill
Lepomis macrochirus, Brook Trout Salvelinus fontinalis, Brown Trout Salmo trutta, Burbot, Black
Crappie Pomoxis nigromaculatus, Largemouth Bass Micropterus salmoides, Longnose Dace
Rhinichthys cataractae, Longnose Sucker Catastomus catostomus, Largescale Sucker,
Mountain Whitefish, Northern Pikeminnow, Peamouth Chub, Pumpkinseed Lepomis gibbosus,
Rainbow Trout, Redside Shiner, Smallmouth Bass Micropterus dolomieu, Sculpin Cottus
cognatus, Westslope Cutthroat Trout Oncorhynchus clarkii lewisi, and Yellow Perch Perca
flavescens. Total CPUE (i.e., all species, combined) was greater and statistically different from
Pre- to Post-treatment periods within the Nutrient Addition Zone (Figure 3.4; d=2.59), but not in
the Downstream or Control zones. The primary factor affecting catch rates for multiple species
was river zone (Table 3.1), which was likely driven by differences in habitat among the river
zones (Smith 2013). Catch rates of all species were similar between periods within each river
zone, with the exception of Mountain Whitefish, Rainbow Trout, and Largescale Suckers (Table
3.1). Catch rates of Mountain Whitefish and Largescale Suckers were greater and statistically
different from Pre- to Post-treatment periods within the Nutrient Addition Zone (Figures 3.5 and
3.6, respectively; d=1.94 and d=1.03, respectively), but not in the Downstream or Control zones.
Catch rates of Rainbow Trout were greater and statistically different from Pre- to Post-treatment
periods within the Control and Nutrient Addition zones (Figure 3.7; d=2.33 and d=1.07,
respectively), but not in the Downstream Zone. It is also important to note that the greater catch
rates of Rainbow Trout from Pre- to Post-treatment periods in the Control Zone was largely
driven by increased numbers of sexually immature individuals (i.e., ≤250 mm; Figure 3.8;
d=2.83), which may represent an indirect and recruitment-related effect of nutrient addition in
the Control Zone.
Biomass (BPUE)—Biomass-per-unit-of-effort was calculated for the following species,
segregated by Period and river Zone (Table 3.2): Brown Bullhead, Bluegill, Brook Trout, Brown
Trout, Burbot, Black Crappie, Largemouth Bass, Longnose Dace, Longnose Sucker, Largescale
Sucker, Mountain Whitefish, Northern Pikeminnow, Peamouth Chub, Pumpkinseed, Rainbow
Trout, Redside Shiner, Sculpin, Westslope Cutthroat Trout, and Yellow Perch. Similar to total
CPUE, total BPUE was also greater and statistically different from Pre- to Post-treatment
periods within the Nutrient Addition Zone (Figure 3.4; d=1.60), but not in the Downstream or
Control zones. The primary factor affecting biomass rates for multiple species was also river
zone, similar to CPUE (Table 3.2). Biomass rates of all species were similar between periods
within each river zone, with the exception of Largescale Suckers and Rainbow Trout (Table 3.2).
Biomass rates of Largescale Suckers were greater and statistically different from Pre- to Posttreatment periods within the Nutrient Addition Zone (Figure 3.6; d=1.28), but not in the
Downstream or Control zones. Biomass rates of Rainbow Trout were greater and statistically
different from Pre- to Post-treatment periods within the Control Zone (Figure 3.7; d=1.52), but
not in the Downstream or Nutrient Addition zones. Biomass rates of Mountain Whitefish in the
Nutrient Addition Zone were greater from Pre- to Post-treatment periods (d=0.86), but 95%
confidence intervals did not indicate statistical differences between the means.
Relative Weight (Wr)—Relative weight was calculated for Mountain Whitefish, Rainbow
Trout, and Largescale Suckers (Table 3.3.; Figure 3.9). Mean W r for Mountain Whitefish and
Rainbow Trout was not statistically different from Pre- to Post-treatment periods within any of
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the river zones (Table 3.3); however, mean Wr of Largescale Suckers was greater and
statistically different from Pre- to Post-treatment periods in the Nutrient Addition and Control
zones (Figure 3.9; d=2.68 and d=2.23, respectively).
Population Status
Values for PSD and QSD for Rainbow Trout in the Nutrient Addition Zone of the
Kootenai River during 2015 were 36 and 5, respectively. These values were near the long-term
averages for PSD (43) and QSD (3) in the Kootenai River, and they were in the range of other
stable, healthy fish populations (Anderson 1976; Gabelhouse 1984).
Growth and Recruitment of Largescale Suckers and Mountain Whitefish
Largescale Sucker—A total of 595 Largescale Suckers was sampled during August
2012 from the Kootenai River. Of these, age and incremental growth were estimated from 407
individuals. Total length varied from 105–642 mm and age varied from 1–23 years. Total annual
mortality was relatively low (Table 3.4) and recruitment was highly variable among years (Table
3.4; Figure 3.10). The estimate of A likely represents only natural mortality because Largescale
Suckers are not a sport fish species. Year-class strength has been variable and recent cohorts
(i.e., 1998–2002) were weak, yet all age classes were represented in the sample (Figure 3.10).
Multiple-regression models explained little variability in year-class strength (R2 ≤0.27;
Table 3.5). The best model contained only temperature, but the model containing discharge was
as parsimonious as the best model (ΔAICc = 0.59; Table 3.5). The slope coefficient estimate for
temperature and discharge were imprecise for both of the top two models (Table 3.6). Because
reliable residual estimates could not be obtained for years overlapping with nutrient addition
activities (i.e., 1988–2005), it was not possible to evaluate the influence of nutrient addition on
year-class strength of Largescale Suckers.
As hypothesized, growth of individuals showed a declining pattern with age. Growth
increments were variable among years and increased between 2005 and 2009 (Figure 3.11).
Unlike year-class strength, variability in growth was explained by environmental covariates
related to mitigation activities. Nutrient addition was the most important covariate predicting
incremental growth of Largescale Suckers (Table 3.7) and the relationship was positive. The
second best model predicting incremental growth contained both nutrient addition and
temperature but was not as parsimonious as the top model (∆AICc = 3.05). Around 82% of the
variability in incremental growth of Largescale Suckers was explained by nutrient addition during
the growing season. The slope coefficient estimate of nutrient addition in the top model was
precise (i.e., 95% CIs did not span zero) and a mean increase of 0.15 mm in growth was
predicted for each one unit (i.e., day) increase in nutrient addition (Table 3.8). Discharge and
temperature were not important predictors of growth.
Mountain Whitefish—A total of 1,627 Mountain Whitefish were sampled from the
Kootenai River during September of 2007, 2009, and 2012 as part of the biomonitoring surveys
conducted in the Nutrient Addition Zone of the river. Five hundred and fifty-two of those
individuals were included in the analysis of incremental growth. Given the absence of long-term
recruitment data, only the 2012 sample was used in the analysis of year-class strength because
it contained the most recent age data. Total length of Mountain Whitefish varied from 78–472
mm and estimated age varied from 0–8 years. Total annual mortality was high and recruitment
was very stable (Table 3.4; Figure 3.11). Unlike Largescale Sucker, A of Mountain Whitefish
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likely represents a combination of natural and fishing mortality because Mountain Whitefish are
a sport fish species in Idaho.
Models developed to predict year-class strength of Mountain Whitefish had better
explanatory power than those for Largescale Suckers (Table 3.5). The best model was the most
highly parameterized model containing nutrient addition, discharge, and temperature.
Covariates in the best model explained 34% of the variability in year-class strength, but the
slope estimates were imprecise (Table 3.6). Multiple regression models developed for Mountain
Whitefish growth were similar to those for Largescale Suckers in that nutrient addition was the
most important covariate (Table 3.7). The model incorporating only nutrient addition had good
predictive power and provided a precise estimate (Table 3.8). Over half (61%) of the annual
variation in growth of Mountain Whitefish was explained by nutrient addition. Although the model
incorporating both nutrient addition and temperature was as parsimonious as the top model,
temperature was an imprecise covariate predicting Mountain Whitefish growth. Unlike
Largescale Suckers, the relationship between growth of Mountain Whitefish and nutrient
addition was negative. An expected mean decrease of 0.089 was predicted for every day
increase in the duration of nutrient addition (Table 3.8). Similar to Largescale Suckers,
temperature and discharge were not important covariates explaining growth of Mountain
Whitefish.
Otolith Microchemistry Study: Natal Origins of Catchable Rainbow Trout
Unlike the pilot study conducted from 2012-2014, differentiation among tributaries in the
Kootenai River basin was not as pronounced in the samples processed in 2015 (Figures 3.12
and 3.13). This, however, was not surprising considering only a small subset of tributaries in the
Kootenai River basin was sampled during the pilot study as opposed to all tributaries in the
basin in 2014-15. In general, tributaries in the lower Kootenai River (i.e., downstream from
Bonners Ferry, Idaho) had strontium 87/86 signatures that differed from those of tributaries
located upstream from Bonners Ferry, Idaho (both in Idaho and Montana), with the exception of
Mission and Boundary creeks (Figures 3.12 and 3.13). Differentiation among tributaries in Idaho
and Montana varied, with Idaho tributaries being indistinguishable from approximately ten
tributaries in Montana (Figure 3.13). It is likely that a combination of water samples from
tributaries, additional “spot” laser ablation runs on existing otoliths, and additional data filtering
and analysis will resolve many of the observed overlaps in strontium signatures. In addition,
project collaborators are discussing whether to analyze existing and future otoliths and water
samples for other trace elements (e.g., magnesium and barium) to potentially increase
differentiation among tributary signatures. Regardless, the observed differentiation will likely be
adequate for assigning adult Rainbow Trout to groups of tributaries that will be inferentially
valuable.
Samples for Phase 2 of the otolith microchemistry study were collected during August
and September 2015 and will be prepped, processed, analyzed, and summarized during 20162017. Results from Phase 2 will be summarized and presented in the 2016 or 2017 IDFG
annual report, contingent upon when data are received from the project collaborators.
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DISCUSSION
Fish Community Assessment
The proportion of species in the catch during both periods and all river zones indicated
that the largest driver shaping the fish community in the Kootenai River was river zone. This
response has been observed in other studies on the Kootenai River (Smith 2013). Each of the
three river zones provided habitats that varied in their suitability for various fish species. For
example, habitat conditions in the Downstream Zone were comprised of low flow velocities, fine
substrates, and aquatic vegetation. The fish assemblage in the Downstream Zone was
dominated by Northern Pikeminnow, Peamouth Chub, and Redside Shiner, all of which were
species well suited for these types of habitat conditions. In contrast, the Control and Nutrient
Addition zones had higher flow velocities and the substrate was largely comprised of cobble.
Mountain Whitefish and Rainbow Trout, species preferring cobble substrate and higher flow
velocities, were more abundant in both of these river zones relative to the Downstream Zone.
These results were corroborated by subsequent summaries on and analyses of species-specific
catch and biomass rates.
Abundance, Biomass, and Relative Weight
Species-specific CPUE and BPUE changed little from Pre- to Post-treatment periods
within each river zone; however, total CPUE and BPUE were greater and statistically different
post-treatment (relative to pretreatment) within the Nutrient Addition Zone. Total CPUE and
BPUE are generally considered metrics with limited inferential capabilities; however, the nutrient
addition project reported herein was implemented under the assumption that any potential
effects would be observed at the ecosystem-level. Therefore, these metrics offer important
insight when evaluating effects of the project. The majority of species-specific catch and
biomass rates revealed small, statistically insignificant increases from Pre- to Post-treatment
periods within the Nutrient Addition Zone. Although this result, in itself, is not particularly
meaningful, the cumulative effect of these incremental increases (by species) resulted in
increases in both the total abundance and biomass of fish in the river. This has important
implications for the food web of the Kootenai River, ranging from potentially altering predatorprey interactions and ratios, to altering demand on lower trophic-level forage (i.e., periphyton
and macroinvertebrates), to altering the composition of species within the river (Larkin 1978;
Carpenter et al. 1985). It is currently unknown whether these potential effects are occurring (in
the Kootenai River); however, additional research is needed to better understand larger, more
holistic effects of nutrient additions on the food web in the Kootenai River.
It is often difficult to predict the outcome(s) of large-scale, manipulation-type experiments
at all trophic levels, and it is not uncommon for unexpected or unforeseen outcomes to arise
(Cross et al. 2011). A primary target for the nutrient project that was identified by IDFG was to
increase the abundance of Rainbow Trout. Marked increases in CPUE were achieved for
Mountain Whitefish, an often undervalued sport fish; however, CPUE of Rainbow Trout did not
show the same magnitude of increase (as Mountain Whitefish). Davis et al. (2010) suggested
that unexpected predator-prey responses and effects on food web efficiencies could occur with
long-term nutrient enrichment projects. Although it is unknown whether the aforementioned
types of responses are occurring in the Kootenai River, it is possible that the addition of
nutrients to the Kootenai River has affected the food web in unforeseen ways that have allowed
Mountain Whitefish to capitalize on specific prey items more readily than Rainbow Trout. This, in
turn, could potentially explain the higher increase in catch of Mountain Whitefish relative to
Rainbow Trout. Alternatively, the response of Rainbow Trout compared to Mountain Whitefish
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(as gauged by CPUE), may not be related to forage and growth, but rather, it may be an artifact
of spawning and recruitment. Mountain Whitefish are known to be spawning generalists that
utilize both tributary and main-stem systems for spawning (Wallace and Zaroban 2013),
whereas, Rainbow Trout are known to have more specific requirements for spawning habitat
(Wallace and Zaroban 2013). Lack of spawning habitat for Rainbow Trout in the Kootenai River
(in Idaho) has long been proposed to be a factor limiting recruitment (in addition to food
limitation; Partridge 1983). In contrast, forage limitation has been identified to be a primary
limiting factor for Mountain Whitefish and other fish species in the Kootenai River (Snyder and
Minshall 1996). Therefore, it perhaps is not surprising that Mountain Whitefish have shown more
drastic increases in catch than Rainbow Trout. This information may provide evidence to
eliminate forage availability from the list of potential factors limiting the recruitment of Rainbow
Trout to the Kootenai River. Additional research is currently underway to determine the extent to
which spawning habitat may be limiting recruitment of Rainbow Trout.
Catch rates of Rainbow Trout increased from Pre- to Post-treatment periods in both the
Control and Nutrient Addition zones of the river. The mechanism(s) driving this response is not
entirely understood; however, it is speculated that (specific to Rainbow Trout) the Control and
Nutrient Addition zones may not be independent of one another. Several studies have revealed
that adult Rainbow Trout residing in Idaho migrate to tributaries (to the Kootenai River) in
Montana to spawn, and the adults return to the Idaho portion of the river, post-spawn (Walters
et al. 2005). These spawning migrations typically occur in the spring, which does not coincide
with the time frame during which sampling for the nutrient project is conducted. Therefore, it is
unlikely that movement of adult Rainbow Trout is directly influencing catch rates in the Control
Zone. The more probable mechanism may be indirect and related to increased recruitment (as a
result of nutrient additions) and variable out-migrant dispersal. A long-term nutrient
enhancement project on the Kuparuk River, Alaska found that adult Arctic Grayling had greater
reproductive potential within a “treatment reach” relative to a “control reach” (Deegan and
Peterson 1992). Therefore, although it has not been directly quantified, it is possible that
Rainbow Trout within the Nutrient Addition Zone of the Kootenai River have greater reproductive
potential (post-nutrient addition), resulting in a greater potential for increased production from
both Idaho and Montana tributaries. Bradford and Taylor (1997) suggested that stream-type
Chinook Salmon Oncorhynchus tshawytscha exhibited variable post-emergence dispersal
patterns, ranging from no dispersal to 100 km downstream. Furthermore, they suggested that
newly emerged fry would inhabit all available rearing habitats, independent from dispersal
distance. Therefore, it is possible that newly emerged and freshly out-migrated Rainbow Trout
that were spawned in Montana tributaries are exhibiting variable dispersal patterns, ranging
from remaining within close proximity to natal tributaries to migrating downstream into Idaho.
This could ultimately result in increased relative abundances of Rainbow Trout in both Idaho
and Montana, under the assumption (based on findings from Bradford and Taylor [1997]) that
out-migrants from Montana tributaries are seeding both the Montana and Idaho portions of the
Kootenai River. Two lines of inference support this potential mechanism. First, the documented
(and statistically different) increase in catch rates of immature Rainbow Trout from Pre- to Posttreatment periods in the Control Zone of the river suggests that recruitment of Rainbow Trout
has increased, post-treatment. Second, long-term population monitoring (for Rainbow Trout)
conducted by the MFWP has documented increases in the Rainbow Trout population within the
Control Zone of the river from pre- to post-treatment (Jim Dunnigan, MWFP, personal
communication).
Largescale Suckers responded most positively (of all species) to nutrient additions, as
gauged by greater CPUE and BPUE and improved W r from Pre- to Post-treatment periods. The
increase in CPUE and BPUE was not observed until recent years and appeared to be a delayed

75

effect of nutrient additions. Largescale Suckers in the Kootenai River do not fully recruit to
electrofishing gear until age-7 (Watkins et al., in press); therefore, it is logical that increases in
CPUE and BPUE of Largescale Suckers were only being documented in recent years. It is
expected that this response will continue to be manifested in future years. Relative weight is a
metric that gauges ecological and physical optimums (Anderson and Neumann 1996; Blackwell
et al. 2000), and when interpreted in the context of relative abundance and growth metrics, can
be particularly useful. Growth of Largescale Suckers has been found to be positively and
strongly correlated with the addition of nutrients to the Kootenai River (Watkins et al., in press),
providing an additional line of inference to support the notion that nutrient additions have
improved the status of the Largescale Sucker population in the Kootenai River. Largescale
Suckers are benthic feeders consuming periphyton, zooplankton, invertebrates, detritus, and
plant material. Since nutrient additions began in 2005, the amount of periphyton on substrate in
the river has increased, as have macroinvertebrates and levels of chlorophyll a (C. Holderman,
KTOI, personal communication). It is likely that suckers have been able to utilize the increased
primary production more rapidly and directly than Mountain Whitefish and Rainbow Trout, which
may explain the observed increases in CPUE, BPUE, growth, and W r.
Growth and Recruitment of Largescale Suckers and Mountain Whitefish
Previous work associated with understanding how mitigation actions influence fish has
more broadly focused on community assembly (Fischer at al. 2010; Watkins et al. 2015; Smith
et al. 2016), but future evaluations can likely benefit from a change in scope. Assemblage-level
effects are often subtle and difficult to detect, especially in regulated western river systems with
depauperate fish assemblages (Hughes and Gammon 1987; Quist et al. 2004; Ross et al. 2015;
Smith et al. 2016). Measureable effects can take long periods of time to manifest and may be
confounded by sampling constraints in the case of rare species (i.e., low detection rates; Smith
et al. 2015). Although the change in assemblage structure may be the desired level of inference,
changes in biotic assemblages are directly influenced by processes occurring at the population
level. Ultimately, population rate functions determine the abundance and size structure of each
species in an assemblage. In addition, many specialist fish species are sensitive to
environmental alterations and changes in population rate functions can reflect relevant changes
in habitat or water quality (Buktenica et al. 2007; Rowell et al. 2008). Population-level responses
may be easier to detect because they are quicker to manifest than changes in assemblage
structure. More importantly, understanding population responses can be accumulated with
limited sampling and retrospective analyses; whereas, assemblage-level responses generally
require intensive, long-term monitoring (Gido et al. 2002). Therefore, rate functions may provide
a useful assessment of management activities, especially when assemblage changes are subtle
or nonexistent (Nener et al. 1995; McPhail and Troffe 1998; Cash et al. 2000; Meyer et al.
2009).
Recruitment is an important regulatory mechanism acting on fish populations, but it is
challenging to accurately characterize without long-term data (Maceina and Pereira 2007).
Long-term data are typically lacking for fish species that do not have imminent conservation
concerns or high recreational value. Largescale Sucker and Mountain Whitefish are no
exception and both are among the most understudied species in western North America. As
such, we relied on retrospective analyses using age-based data to evaluate recruitment
patterns. Quist and Spiegel (2010) evaluated recruitment variability of eight catostomids in
several Iowa rivers and found that recruitment was generally not stable. The authors reported
RCD values varying from 0.49 for Silver Redhorse Moxostoma anisurum in the Shell Rock River
to 0.96 for Shorthead Redhorse M. macrolepidotum in the Wapsipinicon River. Within species,
RCD was most variable (0.56–0.95) for Northern Hogsucker Hypentelium nigricans among the
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authors’ four study rivers. Although the authors reported variable recruitment, they
demonstrated that catostomid recruitment was more consistent than what has been reported for
other species. Also, no evidence of year-class failure was observed, which is consistent with our
study (RCD = 0.77; no evidence of year-class failure) and others (Reid 2009). Similar to our
study, Mountain Whitefish recruitment has been reported to be very stable in large rivers in
Idaho, including the Kootenai River (Meyer et al. 2009). Meyer et al. (2009) used catch curves
to estimate population-specific rates of mortality in 20 Mountain Whitefish populations in Idaho.
Annual survival rates (mean A = 18.0%; range = 9.0–37.0%) were lower than what we observed
in our study (A = 64.7%). The estimated mean RCD among all Idaho Mountain Whitefish
populations was 0.61 (range = 0.39 –0.86; Meyer et al. 2009), suggesting that recruitment of
Mountain Whitefish in the Kootenai River is remarkably stable compared to neighboring
populations.
Recruitment dynamics are influenced by a variety of environmental conditions. One of
the primary objectives of our study was to evaluate the importance of mitigation-related
environmental characteristics on year-class strength over time. Lotic systems are characterized
by high discharge variability, which drives many ecological processes in rivers (Poff et al. 1997).
Both lateral and longitudinal connectivity are the primary mechanisms regulating biotic and
abiotic diversity in large river ecosystems. But disruptions to the interaction between a river
channel and its floodplain or discontinuity along the river continuum can limit productivity and
alter conditions necessary for many fluvial fish species (Dudley 1974; Bayley 1988; Freeman et
al. 2001; Rutherford et al. 1995; Paragamian et al. 2001; Coutant 2004). High discharge in
floodplain-driven ecosystems inundates terrestrial habitat and creates off-channel environments
that are used by adult fishes for spawning or foraging, and as rearing habitat for juveniles
(Gutreuter et al. 1999; Giannico and Hinch 2003). Off-channel areas tend to be more
productive, largely because they usually have high habitat diversity and are warmer than main
channel habitats (Barko and Herzog 2003; Watkins et al. 2015). Temperature influences
recruitment by directly influencing the timing of important life history events such as spawning
(Carscadden et al. 1997), egg hatching (Pauly and Pullin 1988), and juvenile fish growth
(Welcomme 1979; Bayley 1988). Just as discharge creates highly productive habitats,
temperature and nutrient availability directly structure the prey communities used by juvenile
and adult fishes. Thus, these interactions operate in concert to govern recruitment dynamics
among years. For example, Quist and Guy (1998) found that recruitment of Channel Catfish
Ictalurus punctatus in the Kansas River was highest during years with high discharge events.
Giannico and Hinch (2003) found that growth and survival of juvenile Coho Salmon
Oncorhynchus kisutch was highest in engineered off-channel habitats of the Cheakamus and
Mamquam rivers, British Columbia, Canada that contained more complex structural habitat. The
authors reported overall increases in the carrying capacity of off-channel habitats resulting from
the addition of terrestrial structures typical of a floodplain environment.
We used the residual technique to estimate year-class strength of both species in our
study. This technique is typically used to evaluate recruitment patterns of short-lived species
(e.g., Crappies Pomoxis spp.; Maceina 1997; Isermann et al. 2002). Although the technique has
been applied to longer-lived species, it is not ideal for characterizing year-class strength of such
species. We surmise that the catch curve analysis is a reasonable method for characterizing
general recruitment stability, but may not be entirely useful for accurately quantifying year-class
strength of species such as Largescale Sucker. Using catch curve residuals to index year-class
strength of long-lived species may be problematic because long-lived species experience
mortality over a longer time period in which high variation in environmental and assemblage
characteristics can occur (Mauk and Boxrucker 2004; Kwak et al. 2006). Conversely, Mountain
Whitefish in the Kootenai River are short-lived, and therefore an excellent candidate species for
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using the catch curve-based technique to retrospectively evaluate year-class strength. Although
reported recruitment indices for Mountain Whitefish were derived from data collected in 2012,
which did not span the timeframe before nutrient addition began in the Kootenai River, we have
performed previous analyses using data from 2007 that showed that recruitment was equally
stable prior to nutrient addition. While year-class strength of Largescale Sucker was highly
variable and not closely related to temperature and discharge, year-class strength of Mountain
Whitefish was stable across various levels of temperature, discharge, and nutrient addition.
Collectively, the covariates explained around one-third of the variability in Mountain Whitefish
recruitment. Similar relationships have been described for salmonids, including Mountain
Whitefish, in other riverine systems (e.g., Thompson and Davies 1976; Alexander et al. 2006).
Our results are not surprising given the recent consistency in Mountain Whitefish recruitment
and the increased production likely elicited from discharge management and nutrient addition.
The most interesting pattern among both species in our study concerned incremental
growth. We hypothesized that growth of both species would be positively related to the
environmental covariates based on the premise that bottom-up effects on primary production
were likely increasing food resources. However, the positive relationship between growth of
Largescale Sucker and nutrient addition starkly contrasted the negative relationship for
Mountain Whitefish. Largescale Sucker have been reported to feed primarily on periphyton
(e.g., diatoms), Chironomidae larvae, and Trichoptera larvae, with the most common food item
by volume being periphyton (i.e., up to 90%; Dauble 1986). Nutrient addition in the Kootenai
River has significantly increased the density and total biomass of periphyton (Hoyle et al. 2014),
a response also observed in other nutrient enhancement studies (Kohler et al. 2008; Kohler and
Taki 2010). Particularly in floodplain-driven ecosystems, the availability of nutrients (primarily P)
is governed by water-derived exchanges between the adjacent terrestrial area and downstream
transport from headwater erosion (Spink et al. 1998). As such, growth of fishes in regulated
rivers is thought to be an indicator of ecosystem productivity. The flood pulse concept (Junk et
al. 1989) suggests that production is associated with flood events; however, high discharge will
not necessarily contribute higher nutrient delivery in laterally- and longitudinally-disconnected
large rivers. Artificial enhancement of limiting nutrients can mitigate for production loss and elicit
functional response changes. It is probable that increases in primary and tertiary production in
the lower Kootenai River improved prey abundance that was used by Largescale Sucker, thus
promoting positive changes in somatic growth.
In contrast to Largescale Sucker, Mountain Whitefish feed primarily on Chironomidae
and Trichoptera larvae, but not periphyton (unless incidental; Pontius and Parker 1973).
Although the density of Chironomidae larvae increased by nearly 50% after nutrient addition
began in the Kootenai River (Minshall et al. 2014), a positive growth response in Mountain
Whitefish was not observed. One likely explanation for this response is the potential effect of
density dependence on growth of Mountain Whitefish. Abundance estimates of Mountain
Whitefish in the Kootenai River nearly doubled since nutrient addition efforts began, but
condition (i.e., relative weight [Wr]) and mean length declined during the same period of time
(Ross et al. 2015). Similar responses have been observed in salmonids in other nutrient
addition studies. For instance, Deegan et al. (1997) reported that groups of Arctic Grayling
Thymallus arcticus exposed to artificially elevated nutrient levels and fish densities in the
Kuparuk River, Alaska had significantly lower growth rates and poorer body condition than
groups exposed to elevated nutrients and lower fish densities. Blackwell et al. (2000) identified
several studies where Wr and growth were negatively correlated with fish density, further
supporting the contention that density dependent interactions may be limiting growth of
Mountain Whitefish in the Kootenai River. In contrast to the aforementioned studies, Meyer et al.
(2009) found that of nearly 2,000 study sites surveyed in Idaho, there were no instances where
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abundance of Mountain Whitefish was correlated with growth, including the Kootenai River.
However, they conducted their study during 2005 and 2006, which does not span the extent of
nutrient addition in the Kootenai River. The peculiar relationship between Mountain Whitefish
growth and nutrient addition raises questions about the expression of density dependence in the
population. Because some long-term data were available on Mountain Whitefish abundance
during pre- and post-nutrient addition years, we conducted a post-hoc evaluation of the
relationship between annual relative abundance and growth. Catch rates were highly correlated
with days of nutrient addition which restricted our ability to include both covariates in multiple
regression models (Pearson’s r = 0.93, P = 0.001). This post-hoc analysis provides support for
the notion that nutrient addition may be indirectly precipitating a negative somatic growth
response in the Mountain Whitefish population (Figure 3.14), one that is likely driven by
intraspecific resource competition.
Ongoing monitoring and evaluation efforts in the Kootenai River have indicated that the
Mountain Whitefish population has been increasing in abundance since nutrient addition began
in 2006 (Ross et al. 2015). These findings, given the negative growth response that we have
shown here, may indicate that the standing stock of Mountain Whitefish is nearing carrying
capacity relative to artificially-elevated productivity (i.e., reaching alternative stable state). Other
studies have also found that the standing stock of fish is highly correlated with the concentration
of dissolved nutrients. For example, McFadden and Cooper (1962) found that the standing stock
of Brown Trout Salmo trutta was greatest in streams with high concentrations of dissolved solids
and least in streams that were less fertile. Carrying capacity of any ecosystem is difficult to
accurately quantify; however, it is widely accepted that carrying capacities exist for all
ecosystems and population sizes of organisms vary around the total number an ecosystem can
support (i.e., density dependence; Fowler 1981; Bayley 1988). Though carrying capacities in
biological populations are largely based on ecological theory, the concept is important for
gauging the influence of mitigation activities on fishes.
Here we demonstrate the importance of three mitigation-related environmental factors
on year-class strength and incremental growth of two ecologically-important, yet poorly
understood species in the Kootenai River, Idaho. The Largescale Sucker and Mountain
Whitefish populations cumulatively comprise most of the vertebrate biomass in the Kootenai
River (Hardy et al. 2016; Smith et al. 2016) and can provide important prey for piscivorous
species such as Bull Trout Salvelinus confluentus, Redband Trout O. mykiss, and White
Sturgeon (Dauble 1986). With this understanding, Largescale Sucker recruitment likely acts to
support bioenergetic development in many recreationally- and ecologically-important fish
populations at higher trophic levels. We found that nutrient addition was the single most
important covariate for models developed to predict incremental growth of both Largescale
Sucker and Mountain Whitefish, but we observed a starkly different relationship between
species. This differential growth response is likely an artifact of life history differences between
the two species. Largescale Sucker are long-lived and late-maturing compared to Mountain
Whitefish; the effects of nutrient addition on population abundance may manifest more quickly in
populations of short-lived species. For instance, Mountain Whitefish growth may have been
positively influenced during the early stages of nutrient addition, but perhaps the resulting effect
on fecundity and recruitment (given the recruitment stability observed) have caused incremental
growth to decline.
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MANAGEMENT RECOMMENDATIONS
1.

Collaboratively continue (with the KTOI) annual addition of ammonium polyphosphate
(10-34-0) and ammonium nitrate (32-0-0) to the Kootenai River, following established
protocols, through 2017.

2.

Continue fall electrofishing at all fish monitoring sites for trend monitoring of sport fish.

3.

Complete a spatially extensive study to evaluate natal origins of catchable, adult
Rainbow Trout in the Kootenai River.

4.

Begin developing plans to quantify (1) the magnitude of main-stem spawning (of
Rainbow Trout) and (2) subsequent survival and recruitment to the catchable, adult
population.

5.

Conduct a mark-recapture population estimate at Hemlock Bar every two years to
continue documenting trends in the population sizes of Mountain Whitefish, Rainbow
Trout, and Largescale Suckers.
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Table 3.1.

BBH
BLG
BRK
BRT
BUR
BC
LMB
LND
LNS
LSS
MWF
NPM
PMC
PMK
RBT
RSS
SCU
SMB
WCT
YEP

Mean CPUE (fish·minute-1) for 20 species captured during electrofishing
sampling from 2002-2015. Values shown are separated by species, Zone and
Period and denote mean ± standard deviation. Taxa present in the table include:
Brown Bullhead (BBH), Bluegill (BLG), Brook Trout (BKT), Brown Trout (BRT),
Burbot (BUR), Black Crappie (BC), Largemouth Bass (LMB) Longnose Dace
(LND), Longnose Sucker (LNS), Largescale Sucker (LSS), Mountain Whitefish
(MWF), Northern Pikeminnow (NPM), Peamouth Chub (PMC), Pumpkinseed
(PMK), Rainbow Trout (RBT), Redside Shiner (RSS), Sculpin (SCU), Smallmouth
Bass (SMB), Westslope Cutthroat Trout (WCT), and Yellow Perch (YEP).
Shaded portions of the table highlight LSS, MWF, and RBT, which are the three
primary indicator species for the nutrient addition project.

Control Zone
Pre
Post
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.01
0.00 ± 0.01
0.02 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.01
0.01 ± 0.03
0.01 ± 0.02
0.46 ± 0.22
0.42 ± 0.18
2.25 ± 0.99
3.20 ± 0.90
0.13 ± 0.03
0.19 ± 0.07
0.05 ± 0.06
0.10 ± 0.09
0.00 ± 0.00
0.00 ± 0.00
0.37 ± 0.10
0.80 ± 0.21
0.16 ± 0.15
0.20 ± 0.16
0.00 ± 0.00
0.01 ± 0.02
0.00 ± 0.00
0.00 ± 0.00
0.02 ± 0.01
0.02 ± 0.02
0.00 ± 0.00
0.00 ± 0.00

Nutrient Addition Zone
Pre
Post
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.01
0.01 ± 0.01
0.00 ± 0.00
0.00 ± 0.01
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.01
0.04 ± 0.07
0.01 ± 0.01
0.02 ± 0.04
0.53 ± 0.16
1.02 ± 0.65
3.68 ± 1.01
7.23 ± 2.38
0.14 ± 0.05
0.22 ± 0.17
0.03 ± 0.04
0.03 ± 0.05
0.00 ± 0.00
0.00 ± 0.00
0.29 ± 0.18
0.59 ± 0.35
0.10 ± 0.10
0.24 ± 0.23
0.00 ± 0.01
0.01 ± 0.03
0.00 ± 0.00
0.00 ± 0.00
0.01 ± 0.01
0.01 ± 0.02
0.00 ± 0.00
0.00 ± 0.00
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Downstream Zone
Pre
Post
0.00 ± 0.01
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.05 ± 0.05
0.02 ± 0.05
0.47 ± 0.23
0.60 ± 0.42
0.18 ± 0.18
0.21 ± 0.26
1.53 ± 0.53
1.55 ± 0.70
1.18 ± 0.75
0.96 ± 0.94
0.01 ± 0.01
0.01 ± 0.03
0.05 ± 0.05
0.06 ± 0.06
0.87 ± 0.28
0.91 ± 0.65
0.02 ± 0.02
0.02 ± 0.03
0.00 ± 0.00
0.00 ± 0.00
0.01 ± 0.02
0.00 ± 0.01
0.01 ± 0.01
0.03 ± 0.08

Table 3.2.

BBH
BLG
BRK
BRT
BUR
BC
LMB
LND
LNS
LSS
MWF
NPM
PMC
PMK
RBT
RSS
SCU
SMB
WCT
YEP

Control Zone
Pre
Post
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.28 ± 0.15
0.24 ± 0.09
0.42 ± 0.18
0.48 ± 0.15
0.02 ± 0.01
0.03 ± 0.01
0.01 ± 0.01
0.01 ± 0.01
0.00 ± 0.00
0.00 ± 0.00
0.08 ± 0.02
0.13 ± 0.04
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.01 ± 0.00
0.01 ± 0.01
0.00 ± 0.00
0.00 ± 0.00

Table 3.3.

MWF
RBT

Mean BPUE (kg of fish·minute-1) for 20 species captured during electrofishing
sampling from 2002-2015. Values shown are separated by species, Zone and
Period and denote mean ± standard deviation. Taxa present in the table include:
Brown Bullhead (BBH), Bluegill (BLG), Brook Trout (BKT), Brown Trout (BRT),
Burbot (BUR), Black Crappie (BC), Largemouth Bass (LMB) Longnose Dace
(LND), Longnose Sucker (LNS), Largescale Sucker (LSS), Mountain Whitefish
(MWF), Northern Pikeminnow (NPM), Peamouth Chub (PMC), Pumpkinseed
(PMK), Rainbow Trout (RBT), Redside Shiner (RSS), Sculpin (SCU), Smallmouth
Bass (SMB), Westslope Cutthroat Trout (WCT), and Yellow Perch (YEP).
Shaded portions of the table highlight LSS, MWF, and RBT, which are the three
primary indicator species for the nutrient addition project.
Nutrient Addition Zone
Pre
Post
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.01
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.01 ± 0.03
0.37 ± 0.14
0.88 ± 0.55
0.49 ± 0.21
0.72 ± 0.36
0.04 ± 0.03
0.04 ± 0.03
0.00 ± 0.01
0.00 ± 0.01
0.00 ± 0.00
0.00 ± 0.00
0.06 ± 0.04
0.11 ± 0.07
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.01
0.00 ± 0.01
0.00 ± 0.00
0.00 ± 0.00

Downstream Zone
Pre
Post
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.01 ± 0.01
0.01 ± 0.01
0.21 ± 0.08
0.35 ± 0.26
0.00 ± 0.01
0.00 ± 0.00
0.06 ± 0.02
0.06 ± 0.03
0.08 ± 0.04
0.07 ± 0.06
0.00 ± 0.00
0.00 ± 0.00
0.01 ± 0.01
0.01 ± 0.01
0.01 ± 0.00
0.01 ± 0.01
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.01
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

Mean W r for Mountain Whitefish (MWF) and Rainbow Trout (RBT) from 20022015. Values shown are separated by species, zone and period and denote
mean ± standard deviation.

Control Zone
Pre
Post
92.8 ± 1.5
88.7 ± 5.7
90.5 ± 3.7
91.2 ± 3.1

Nutrient Addition Zone
Pre
Post
85.9 ± 6.2
87.9 ± 4.7
87.8 ± 4.2
89.2 ± 5.5
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Downstream Zone
Pre
Post
78.5 ± 11.6
73.1 ± 12.3
81.4 ± 7.2
81.3 ± 6.0

Table 3.4.

Sample size (n), estimated von Bertalanffy growth equation, total annual mortality
(A), and recruitment coefficient of determination (RCD) for Largescale Sucker
and Mountain Whitefish populations sampled from the Kootenai River, Idaho.

Species
Largescale Sucker
Mountain Whitefish

Table 3.5.

n

von Bertalanffy

A

RCD

595

Lage = 544(1 – e(–0.139(age + 1.068)))

20.4

0.77

64.6

0.97

1,627

(–0.091(age + 2.909))

Lage = 468(1 – e

)

Multiple-regression models predicting year-class strength of Largescale Suckers
and Mountain Whitefish from the Kootenai River, Idaho, 2012. Explanatory
variables include the number of days of nutrient addition (Nutrient), mean
discharge (Q; m3/s) during the growing season (1 April–30 September), and
mean water temperature (Temp; °C) during the growing season. The number of
model parameters (K), Akaike’s information criterion corrected for small sample
size (AICc), AICc weight (wi), percent of the maximum wi (%Max wi), evidence
ratio (ER = max wi/wi), and coefficient of determination (R2) are included. Top
models are indicated by bold text.

Model

K

AICc

∆AICc

wi

%Max wi

ER

R2

Largescale Sucker
-Temp

3

43.33

0.00

0.57

100

1.00

0.06

-Q

3

43.92

0.59

0.42

73.68

1.36

0.14

-Temp, -Q

4

52.62
9.29
Mountain Whitefish

0.01

1.75

57.00

0.27

-Temp, -Nutrient, -Q

5

–54.81

0.00

1.00

100

1.00

0.34

-Temp

3

29.62

84.43

0.00

0.00

0.00

0.08

-Nutrient

3

30.45

85.26

0.00

0.00

0.00

0.28

-Q
-Temp, -Nutrient

3
4

30.61
43.20

85.42
98.01

0.00
0.00

0.00
0.00

0.00
0.00

0.32
0.33

-Nutrient, -Q

4

48.44

103.25

0.00

0.00

0.00

0.32

-Temp, -Q

4

48.74

103.55

0.00

0.00

0.00

0.36
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Table 3.6.

Parameter estimates, standard error (±1 SE), and lower and upper 95%
confidence limits for parameters from the most parsimonious models predicting
year-class strength of Largescale Suckers and Mountain Whitefish sampled from
the Kootenai River, Idaho, 2012. Model parameters include number of days of
nutrient addition (Nutrient), mean discharge (Q; m3/s) during the growing season
(1 April–30 September), and mean water temperature (Temp; °C) during the
growing season.
95% confidence limits

Species

Model parameter

Estimate

SE

Lower

Upper

Largescale Sucker

Temp

–0.415

0.544

–1.747

0.916

Mountain Whitefish

Temp

0.591

0.434

–4.925

6.108

Nutrient
Q

0.005
0.0005

0.004
0.0003

–0.054
–0.003

0.064
0.003
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Table 3.7.

Multiple-regression models predicting growth of Largescale Suckers (sampled in
2012) and Mountain Whitefish (sampled in 2007, 2009, and 2012) from the
Kootenai River, Idaho. Explanatory variables include the number of days of
nutrient addition (Nutrient), mean discharge (Q; m3/s) during the growing season
(1 April–30 September), and mean water temperature (Temp; °C) during the
growing season. The number of model parameters (K), Akaike’s information
criterion corrected for small sample size (AICc), AICc weight (wi), percent of the
maximum wi (%Max wi), evidence ratio (ER = max wi/wi), and coefficient of
determination (R2) are included. Top models are indicated by bold text.

Model

K

AICc

∆AICc

wi

%Max wi

ER

R2

Largescale Sucker
+Nutrient

3

59.15

0.00

0.70

100

1.00

0.82

+Nutrient, +Temp
+Nutrient, -Q

4
4

62.20
62.53

3.05
3.38

0.15
0.13

21.43
18.57

4.67
5.38

0.86
0.85

+Nutrient, +Temp, -Q

5

66.56

7.41

0.02

2.86

35.00

0.93

+Temp
-Q

3
3

72.46
75.50

13.32
16.35

0.00
0.00

0.00
0.00

0.00
0.00

0.19
0.14

+Temp, -Q

4

89.58
20.43
0.00
Mountain Whitefish

0.00

0.00

0.06

-Nutrient
-Nutrient, +Temp

3
4

83.98
85.89

0.00
1.92

0.54
0.21

100
38 .88

1.00
2.57

0.61
0.55

-Nutrient, +Q

4

86.04

2.06

0.19

35.19

2.84

0.55

+Temp

3

89.89

5.92

0.03

5.55

18.00

0.24

-Nutrient, +Temp, +Q
+Temp, +Q

5
4

90.07
93.35

6.09
9.38

0.03
0.00

5.55
0.00

18.00
0.00

0.56
0.21

+Q

3

94.51

10.53

0.00

0.00

0.00

0.09

Table 3.8.

Parameter estimates, standard error (±1 SE), and lower and upper 95%
confidence limits for parameters from the most parsimonious models predicting
incremental growth of Largescale Suckers and Mountain Whitefish sampled from
the Kootenai River, Idaho. Model parameters include number of days of nutrient
addition (Nutrient).
95% confidence limits

Species

Model parameter

Largescale Sucker
Mountain Whitefish

Nutrient
Nutrient

Estimate

SE

Lower

Upper

0.153
–0.089

0.025
0.024

0.093
–0.141

0.213
–0.036
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FIGURES

87

Figure 3.1.

Location of the Kootenai River, Kootenay Lake, Lake Koocanusa, Libby Dam,
and Bonners Ferry.
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Downstream Zone

Nutrient-Addition Zone

Control Zone

Figure 3.2.

Kootenai River ecosystem study area and approximate locations of biomonitoring
sites and the three river zones.
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Figure 3.3.

Locations of tributaries to and sites in the main-stem Kootenai River, Idaho and
Montana that were sampled during Phases 1 and 2 of the otolith microchemistry
study.
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8.00
6.00
4.00
2.00
0.00
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(b)
3.20

BPUE (kg of fish/min)

2.80
2.40
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1.60
1.20
0.80
0.40
0.00

Control

Nutrient Addition

Downstream

River Zone

Figure 3.4.

Mean total (i.e., all species, combined) CPUE (a) and BPUE (b) from 2002-2015.
Data include all three river zones, segregated by period. The hatch-marked bar
represents mean total CPUE and BPUE from site KR7 (2014-15), and the light
gray bar represents values from site KR10.5 (2015). Error bars represent 95%
confidence intervals.
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Figure 3.5.

Nutrient Addition
River Zone

Downstream

Mean CPUE (a) and BPUE (b) of Mountain Whitefish from 2002-2015. Data
include all three river zones, segregated by period. The hatch-marked bar
represents mean CPUE and BPUE from site KR7 (2014-15), and the light gray
bar represents values from site KR10.5 (2015). Error bars represent 95%
confidence intervals.
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Figure 3.6.

Nutrient Addition
River Zone

Downstream

Mean CPUE (a) and BPUE (b) of Largescale Suckers from 2002-2015. Data
include all three river zones, segregated by period. The hatch-marked bar
represents mean CPUE and BPUE from site KR7 (2014-15), and the light gray
bar represents values from site KR10.5 (2015). Error bars represent 95%
confidence intervals.

93

1.40

(a)

1.20

CPUE (fish/min)

1.00

0.80

0.60

0.40

0.20

0.00
Pre
Post
KR7
KR10.5

0.18

(b)
0.16

BPUE (kg of fish/min)

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00
Control

Figure 3.7.

Nutrient Addition
River Zone

Downstream

Mean CPUE (a) and BPUE (b) of Rainbow Trout from 2002-2015. Data include
all three river zones, segregated by period. The hatch-marked bar represents
mean CPUE and BPUE from site KR7 (2014-15), and the light gray bar
represents values from site KR10.5 (2015). Error bars represent 95% confidence
intervals.
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0.70

Pre
Post

0.60

CPUE (fish/min)

0.50

0.40
0.30

0.20

0.10
0.00
Control

Figure 3.8.

Nutrient Addition
River Zone

Downstream

Mean CPUE of sexually immature Rainbow Trout (i.e., ≤250 mm) from all three
river zones, segregated by period. Years represented are 2002-2015. Error bars
represent 95% confidence intervals.
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Figure 3.9.

Nutrient Addition
River Zone

Downstream

Mean W r for Largescale Sucker from all three river zones, segregated by period.
Years represented are 2002-2015. Error bars represent 95% confidence
intervals.
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Figure 3.10.

Studentized residuals from a catch curves developed to predict year-class
strength of Largescale Suckers and Mountain Whitefish sampled from the
Kootenai River, Idaho, 2012. Positive residuals represent strong year classes
and negative residuals represent weak year classes.
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Figure 3.11.

Growth increment estimates by year for Largescale Suckers (2012) and
Mountain Whitefish (2007, 2009, 2012) sampled from the Kootenai River, Idaho.
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Figure 3.12.

Mean strontium 87/86 ratios for tributaries in the lower Kootenai River (i.e.,
downstream from Bonners Ferry, ID). Points denote mean strontium signatures,
and errors bars denote 95% confidence intervals.
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Figure 3.13.

Mean strontium 87/86 ratios for tributaries in the upper Kootenai River (i.e.,
upstream from Bonners Ferry, ID), with the exception of Mission and Boundary
creeks. Squares represent tributaries in Montana, black circles represent
tributaries in Idaho upstream from Bonners Ferry, and gray circles represent
tributaries in Idaho downstream from Bonners Ferry. All points denote mean
strontium signatures, and error bars denote 95% confidence intervals.
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120
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Figure 3.14.

2

4

6
CPUE

8

10

12

Relationship between catch-per-unit-effort (CPUE = fish per minute of
electrofishing) of Mountain Whitefish and growth increment addition during 2000–
2011.
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2016 BIOP REPORT
RPA Rollup Annual Report
Project 1988-065-00
As per BPA instructions, this BIOP report is attached to the end of this report and was to
fulfill in-season reporting requirements for the previous calendar year. We are linked to the
Libby BIOP, which still has yet to be fully populated in www.cbfish.org.
SECTION 1: IMPLEMENTATION
Operation of Libby Dam for hydropower and flood control has significantly changed the
seasonal flows in the Kootenai River relative to historical patterns creating unfavorable
ecological conditions for Kootenai River White Sturgeon (Acipenser transmontanus.) White
Sturgeon need high spring flows for spawning migration, spawning, and rearing. Twenty years
of investigations in Idaho indicate recruitment of Kootenai River White Sturgeon has been
limited, at least during that time frame. This is particularly evident for year classes after
completion of Libby Dam on the Kootenai in Libby Montana. The only notable year classes
since the operation of Libby Dam were produced in 1974 and 1991, years of exceptional
precipitation and river discharge.
The Kootenai River White Sturgeon was listed as an Endangered Species in September
of 1994. The listing was consistent with the population abundance and genetic status. Genetic
analysis of the Kootenai River White Sturgeon in 1991 indicated this population was genetically
distinct from other populations of Sturgeon in the Columbia basin. At the request of the Kootenai
River White Sturgeon Steering Committee (comprised of representatives from the agencies and
tribes), the U.S. Army Corps of Engineers has provided mitigative, experimental flows for White
Sturgeon spawning and rearing since 1991. The objective of this investigation is to determine
flow and habitat conditions that will affect recovery of this population. This study is supported by
and adheres to conditions set by the Recovery Plan for the Kootenai River White Sturgeon.
This information is presented in accordance with the lettered or numbered items
identified in the "Special Terms and Conditions" for the Subpermit (dated October 14, 1997).
The USFWS has issued three opinions on Libby Dam (1995, 2000, and 2006). In accordance
with these Biological Opinions, this project is listed as necessary and appropriate. The 2006
Libby BiOp specifically lists Reasonable and Prudent Alternatives (RPA) that our IDFG
sponsored program is directly responsible for either for implementation or monitoring and
evaluation of mitigation actions. A list and description of the RPA components and their
associated actions in listed in http://www.cbfish.org/Project.mvc/Display/1988-065-00. Results
from our 2016 investigations are listed below.
SECTION 2: RESULTS
Sampling in Idaho and Canada by IDFG or British Columbia Ministry of Forest Land and
Resource Operations (BCMFLRO) for adult Sturgeon commenced on March 13 and continued
through October 13, 2016. Two gear types were used: angling with 6/0 j-hooks and setlines with
12/0, 14/0, and 16/0 circle hooks set with six hooks per line. These captures were coordinated
with the Kootenai Tribe of Idaho (KTOI) for broodstock collections and two F4 females were
given to KTOI for Sturgeon conservation aquaculture activities. The Kootenai River White
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Sturgeon Recovery Team (KRWSRT) and the USFWS field office, Spokane, Washington,
support the action of providing fish to the KTOI. Of the 102 wild adult Sturgeon captured in
Idaho and BC in 2016 (nine of the adults were hatchery reared juveniles that grew into the adult
size range of 120 cm TL), 98 (96%) were recaptures from previous years. Twelve adult
Sturgeon (all females) were tagged with special Vemco V16 VPS sonic transmitters in 2016 as
part of a telemetry system deployed at Shorty’s Island to evaluate habitat use of the Shorty’s
Island and Myrtle Creek Substrate Enhancement Pilot Projects (SEPPs). There were no
mortalities from telemetry tagging.
Juvenile sampling with gill nets commenced July 15 and continued to September 14,
2016. We used experimental gill nets with panels including 2.5, 5.1, and 7.6 cm bar mesh. Gill
nets were checked every ½ hour to 1 hour. All Sturgeon were measured, weighed, PIT tagged if
needed, and released. Combining IDFG and BCMFLRO efforts, a total of 1671 (421 in BC)
juvenile White Sturgeon were captured in gillnets in 2016. Twelve of the sampled juveniles were
of wild origin; all were collected in Idaho. Individuals were aged from a 2 cm section of the
pectoral fin ray removed upon capture.
We sampled for White Sturgeon eggs from May 16 through July 11, 2016 at three sites
between RKM 230.5 and 245.0. Three hundred fifty-five White Sturgeon eggs were collected
from three areas in 2016. Larval Sturgeon sampling occurred at Shorty’s Island and Myrtle
Creek to evaluate any potential hatch and drift resulting from the SEPPs. One larval Sturgeon
was collected below the Myrtle Creek SEPP on June 20, and one larval Sturgeon was collected
below the Shorty’s Island SEPP on June 27.
Table 1. Summary of IDFG and BCMFLRO sampling efforts in 2016 under US Fish and Wildlife
Service Permit 702631
Sampling
Target
03/10 - 10/26;
Adult sampling

Dates;

Numbers Caught

Gear Type

Adults

Juveniles

Larvae

Eggs

Mortality

111

23

0

0

0

1671

0

0

0

07/15 - 09/14;
Juvenile sampling
0
05/16 - 07/11;
Egg sampling
0
06/06 – 07/27; Larval
sampling
Totals
111

Rod & reel, 6/0 hooks.
Set lines w/12/0, 14/0,
16/0 hooks
Gill nets
Egg mats

0

0

1694

2
2

355

355
Larval Plankton Nets

355

355

We consider the current status of the Kootenai River White Sturgeon to be unchanged. The
Kootenai River White Sturgeon Recovery Team is concerned because wild juvenile White
Sturgeon still comprise a very small portion of the juvenile catch, 50:1. Only twelve new wild
juveniles were captured in 2016. Although the mitigated discharges from Libby Dam benefit
White Sturgeon spawning, our studies suggest the primary problem may be spawning location,
over silt, clay, and sand substrates.
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SECTION 3: ADAPTIVE MANAGEMENT
Based on the U.S. Fish and Wildlife Service’s (Service) February 2006 Biological
Opinion (2006 BO) on operations of Libby Dam, and the May final April-August volume runoff
forecast of 5.8 million acre-feet, we are within a Tier 2 operations year for Kootenai River White
Sturgeon. The minimum recommended release volume for Sturgeon conservation in a Tier 2
year is 0.93 million acre-feet and we recommend the following procedures for discharge of at
least this minimum volume from Libby Dam: The precise means that will be utilized to meet
these objectives are largely dependent on real-time conditions and in-season management. It is
not possible to develop a single definitive recommendation for a Sturgeon operation at this time
due to the uncertainties in the forecast, and shape and volume of inflow. Given these
uncertainties, the Service has developed the following guidelines for Sturgeon operations in
2016: The 2016 Sturgeon operations at Libby Dam consisted of one period of peak flow,
followed by a hydrograph that receded towards the anticipated stable summer flow at Libby
Dam. Specific details on 2016 Libby dam Sturgeon operations is available at: http://www.nwdwc.usace.army.mil/tmt/sor/2016/0511_2016_USFWS_Libby_Sturgeon_SOR.pdf.
Overall, the goal is to provide conditions that will enable Sturgeon to migrate to, and
spawn over, rocky substrates that exist upstream of Bonners Ferry. Since the results of the
2013, 2014, and 2015 operations were promising in that a higher proportion of tagged Sturgeon
migrated above Bonners Ferry than in previous years, the two peak approach warranted at least
another year of testing. Due to the limited water supply available in 2016 resulting from poor
snowpack conditions, the single peak augmentation operations in 2016 was thought to be the
best available option. The 2016 single peak option apparently did not hamper upstream
movement extent, as 33% of the migrating group (18 individuals) was recorded on telemetry
receivers above Bonners Ferry. Comparatively, 24% of the tagged migrating group moved
above Bonners Ferry in 2015, and 30% migrated above Bonners Ferry in 2014. Although we are
still constrained by Libby Dam operations and flood control issues at Bonners Ferry, small-scale
adaptive flow management actions are important for understanding how Sturgeon respond to
different flow regimes and eventually may allow us to enhance upstream movements.
The Vemco telemetry array has been in place for 13 years and has greatly improved our
understanding of qualitative aspects of Sturgeon movements and behaviors. The next step is to
incorporate Sturgeon movement data with physical habitat variables auto-correlated by the
operation of Libby Dam and attempt to develop a predictive model to help determine how to
enhance Sturgeon movement upstream of Bonners Ferry. As described previously, to evaluate
upstream Sturgeon migrations to adequate spawning and incubation sites, a select group was
tagged with sonic tags to use in this analysis. This “tagged spawner” classification was based
solely on movement behavior and Sturgeon that migrated to at least rkm 228.5, the downstream
extent of the spawning reach. Each spring, Sturgeon that were located on receivers at rkm
228.5 were counted as potential spawners and placed in this classification. Although this
method of grouping Sturgeon has been useful for determining areas of high residency and
determining the maximum extent of upstream movement, it did not take into account updated
capture information and individual fish behaviors in previous years. Recently, BCMFLRO has
provided a more detailed analysis of the annual spawning group based not only on behavior to a
certain rkm, but also includes capture history and spawning periodicity of individual fish. In the
future, this method will be used to more accurately analyze the annual spawning group to allow
more informed decisions and inferences can be made.
In addition to spawning habitat use, we have moved forward on analysis of specific
metrics from hatchery produced juveniles to aid in determining population demographics as it
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relates to stocking strategies. With the anticipated continued stocking of hatchery-reared
Sturgeon, it is evident that these fish can fulfill a continued useful role for research. One of our
key objectives is to make adequate recommendations to stocking numbers so that it achieves
the needs of maintaining the population while not negatively affecting wild production. There is a
need for evaluating changes in growth rates over time to determine what, if any, effects stocking
density or other habitat improvements are having on growth. This is done by removing fin ray
sections from a subsample of juvenile Sturgeon and using those in incremental growth
modeling. Although this is minimally invasive to juvenile Sturgeon, it has been proven to not
adversely affect survival or swimming performance. In 2015, we began collecting 10 fin rays
from each brood year, with five from juvenile Sturgeon collected upstream of rkm 123 in river
sections, and five from juveniles residing in the Kootenay Lake delta. It is anticipated that we will
complete fin ray collections in 2017. Analysis will be done through the University of Idaho
assisting us on the incremental age and growth as it relates to changes in density and habitat
improvements.
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