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Kootenai River White Sturgeon (Acipenser transmontanus) 
Fine-Scale Habitat Selection and Preference, Kootenai 
River near Bonners Ferry, Idaho, 2017

By Ryan L. Fosness1, Taylor J. Dudunake1, Richard R. McDonald1, Ryan S. Hardy2, Shawn Young3,  
Susan Ireland3, and Gregory C. Hoffman4

Abstract
To quantify fine-scale Kootenai River white sturgeon 

(Acipenser transmontanus) staging and spawning habitat 
selection and preference within a recently restored reach of the 
Kootenai River, the U.S. Geological Survey, in cooperation 
with the U.S. Fish and Wildlife Service, integrated acoustic 
telemetry data with two-dimensional hydraulic model simu-
lations within a 1.5-kilometer reach of the Kootenai River 
near Bonners Ferry, northern Idaho. Twenty-seven individual 
Kootenai River white sturgeon were detected in the study 
reach during May 6–June 30, 2017. The largest concentration 
of fish positions occurred near the edge of the gravel bar adja-
cent to the right bank pool-forming structure and additional 
concentrations of fish positions occurred near two recently 
constructed rock substrate clusters. The difference in preferred 
and available depth distributions quantifies that Kootenai 
River white sturgeon generally preferred depths of 7–11.5 
meters, deeper than the most frequently available depths. 
About 71 percent of the detections occurred within the lower 
one-third of the water column, placing Kootenai River white 
sturgeon at or near the channel bed. The difference in available 
and preferred water velocities indicated that Kootenai River 
white sturgeon generally preferred a wide range of velocities 
from 0.0 to 1.0 meters per second, and generally preferred 
velocities that were less than the most frequently occurring 
available velocities. Kootenai River white sturgeon gener-
ally preferred the downstream part of the study area where 
water velocities were less than those in the upstream part. This 
study concludes that Kootenai River white sturgeon generally 

1U.S. Geological Survey

2Idaho Department of Fish and Game

3Kootenai Tribe of Idaho

4U.S. Army Corps of Engineers

avoided shallow areas with increased velocities and generally 
favored deep areas with lower velocities near recently con-
structed restoration structures.

Introduction
Sturgeon (Acipenseridae) are a family of fish composed 

of 27 extant species that live in the ocean, estuaries, rivers, or 
inland waters of the Northern Hemisphere (Pikitch and others, 
2005). Sturgeon are valued around the globe and harvested 
for their meat and roe (Pikitch and others, 2005). Over the 
last century, sturgeon populations have declined because of 
overharvesting, pollution, habitat degradation, or in some 
areas, a combination of each (Pikitch and others, 2005). The 
high demand for sturgeon, coupled with increasing anthro-
pogenic effects within their natural habitat, caused a decline 
in sturgeon populations around the globe, with 85 percent 
of the family at risk of extinction (International Union for 
Conservation of Nature, 2020). White sturgeon (Acipenser 
transmontanus) are native to North America along the West 
Coast from Baja California to the Gulf of Alaska and inland 
throughout the Columbia, Fraser, and Sacramento River 
Basins (Pikitch and others, 2005). Generally large (commonly 
exceeding 2 meters [m]) and long-lived (as much as 100 
years or more), white sturgeon mature slowly (15–30 years 
for adults) and reproduce infrequently (2–5 years between 
spawning events) (Pikitch and others, 2005; Kootenai Tribe 
of Idaho, 2010; Parsley and Kofoot, 2013). With recruitment 
failure in much of its range, Kootenai River white sturgeon 
share the same fate as many other sturgeon species around the 
globe, subjected to a combination of overharvesting, pollu-
tion, and habitat degradation. The limitation or elimination 
of sturgeon harvest and aquaculture programs using wild fish 
have helped sustain sturgeon populations but improvement of 
existing habitat may be needed to prevent extinction (Parsley 
and Kofoot, 2013).
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Kootenai River white sturgeon are a genetically dis-
tinct and isolated white sturgeon sub-species endemic to the 
Kootenai River between Kootenay Lake in British Columbia 
and Kootenai Falls in northwestern Montana (U.S. Fish and 
Wildlife Service, 2008, 2019; Fisheries and Oceans Canada, 
2014; fig. 1). Kootenai River white sturgeon are listed as 
endangered in the United States and Canada, in the Kootenai 
River and Kootenay Lake systems, respectively (U.S. Fish and 
Wildlife Service, 1994; Fisheries and Oceans Canada, 2014). 
The listing is the result of a wild fish population decrease in 
the late 1970s coupled with a near absence of natural recruit-
ment. The population decrease and lack of natural recruitment 
is the result of a loss of suitable spawning habitat, reduced 
biological productivity, and water quality contamination 
(U.S. Fish and Wildlife Service, 2019). During spring, a 
select number of Kootenai River white sturgeon (hereinaf-
ter “Kootenai sturgeon”) migrate to, stage (as a reference to 
pre-spawn), and spawn within a 29.5-river kilometer (rkm) 
reach of the Kootenai River—a reach designated by the U.S. 
Fish and Wildlife Service as designated critical habitat for the 
species (U.S. Fish and Wildlife Service, 2008). Most Kootenai 
sturgeon spawn downstream from Bonners Ferry in areas 
with unsuitable spawning substrates composed of sand, silt, 
and clay (U.S. Fish and Wildlife Service, 2019; Parsley and 
Kofoot, 2013; Paragamian and others, 2009). Microhabitat 
where egg incubation and embryonic development may 
occur is an important factor in Kootenai sturgeon reproduc-
tive success (Parsley and Kofoot, 2013). Suitable spawning 
substrate consists of clean, smooth surfaces, and generally 
provides better incubation sites where the river hydraulics 
(increased velocity) maintain a clean substrate (Parsley and 
Kofoot, 2013). More suitable spawning substrates, consisting 
of boulders, cobbles, and gravel, are located at and upstream 
from Bonners Ferry; however, Kootenai sturgeon move-
ment upstream from Bonners Ferry is minimal (Paragamian 
and others, 2009). The Idaho Department of Fish and Game 
(IDFG) has monitored adult Kootenai sturgeon movement 
within the Kootenai River in Idaho since the early 1990s 
and has identified and evaluated spawn timing and locations 
since 1994 using artificial substrate mats for egg collections. 
Kootenai sturgeon most frequently migrate to, stage, and 
spawn between river kilometer designations (rkm) 228 and 
246 within the Kootenai sturgeon designated critical habitat 
(U.S. Fish and Wildlife Service, 2019; fig. 1). Kootenai stur-
geon primarily spawn over or near substrates that ultimately 
lead to negligible natural recruitment (Parsley and Kofoot, 
2013). Limited habitat complexity is thought to be the primary 
factor leading to the lack of natural recruitment (Kootenai 
Tribe of Idaho, 2010; U.S. Fish and Wildlife Service, 2019). 
Anthropogenic effects are visible and extend throughout the 
entire Kootenai sturgeon range. From the late 1800s through 
the mid-1900s, river-channel bank openings were closed along 

the main river channel by construction of a series of levees 
and dikes that extend from Kootenay Lake to a point upstream 
from Bonners Ferry. The dikes and levees, built upon natural 
levees, were designed to contain the natural peak flows to the 
main river channel prior to the completion of Libby Dam in 
December 1972. Drainage ditches equipped with sluicegates 
and pumps allow overbank seepage to drain or be pumped 
back to the main river, but also prevent floodplain interaction 
(Turney-High, 1969; Boundary County Historical Society, 
1987; Redwing Naturalists, 1996).

The completion of Libby Dam signified the beginning 
of a new, regulated flow regime for the Kootenai River that 
differed from the natural hydrograph in two ways—decreased 
annual peak flows and increased flows during the winter 
months (November–January; fig. 2). The regulated flow 
regime had an immediate effect on the habitat downstream 
from Libby Dam; decreased peak flow coupled with the 
dike construction all but eliminated floodplain connectiv-
ity. The sediment-trapping efficiency of Libby Dam virtually 
eliminated sediment contributions to the lower river except 
for tributary input between Libby Dam and the study reach 
(Fosness and Williams, 2009). The cooler water stored in 
Lake Koocanusa (impoundment formed by Libby Dam) for 
flood risk management and hydropower production contrib-
utes to cooler water in the spring and warmer water in winter 
(Beamesderfer and Anders, 2013). Each of these limiting-
factor anthropogenic effects has degraded Kootenai sturgeon 
spawning habitat, not only within the designated critical habi-
tat, but throughout their entire range (Kootenai Tribe of Idaho, 
2010; U.S. Fish and Wildlife Service, 2019).

In 2010, the Kootenai Tribe of Idaho (KTOI) com-
pleted and began to implement their Kootenai River Habitat 
Restoration Program (KRHRP) Master Plan to restore and 
enhance the riverine and surrounding landscape and address 
limiting habitat factors with respect to focal species, including 
the endangered Kootenai sturgeon. Beginning in 2011, numer-
ous KRHRP projects were constructed within the Kootenai 
River designated critical habitat. The projects addressed 
limiting factors to improve habitat conditions that support all 
life stages of endangered Kootenai sturgeon and other aquatic 
focal species. Targeted riverine limiting factors related to 
Kootenai sturgeon included (1) increasing habitat complex-
ity using in-river features, (2) enhancing spawning habitat by 
providing rock substrates and increasing the hydraulic com-
plexity, and (3) increasing pool habitat by constructing pool-
forming features. Each targeted riverine habitat project was 
intended to provide a more suitable spawning substrate at and 
near known current spawning locations and enhanced habitat 
conditions that might entice Kootenai sturgeon to use areas 
upstream from Bonners Ferry where more suitable spawning 
substrates exist (Kootenai Tribe of Idaho, 2009).
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Figure 1. Location of the study area in the Kootenai River drainage basin, northern Idaho.
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Figure 2. Kootenai River flow regime showing daily mean flow 
during pre-Libby Dam and Libby Dam eras, northern Idaho. Flow 
data are from U.S. Geological Survey streamgage 12305000 
(Kootenai River at Leonia, Idaho; U.S. Geological Survey, 2021) for 
water years 1929–2019.

This study, prepared in cooperation with the U.S. Fish 
and Wildlife Service, quantifies fine-scale Kootenai River 
white sturgeon staging and spawning habitat selection and 
preference within a recently restored, or treated, reach of the 
Kootenai River as described in the U.S. Fish and Wildlife 
recovery plan for the Kootenai River white sturgeon (U.S. 
Fish and Wildlife Service, 2019). Fine-scale acoustic telemetry 
positioning data were integrated with two-dimensional hydrau-
lic model simulations to explain Kootenai sturgeon habitat 
preference at a fine scale (about 2 m) within a 1.5-kilometer 
(km) reach of the Kootenai River near Bonners Ferry, Idaho. 
In this study, we determined whether Kootenai sturgeon pre-
ferred habitat based on hydraulic flow characteristics, depth, 
and depth-averaged velocity. Depth and velocity have been 
used in previous studies to explain Kootenai sturgeon stag-
ing and spawning habitat, particularly in the Meander Reach 
(Paragamian and others, 2002, 2009; Paragamian and Duehr, 
2005). Selected fish positions were paired with the depth and 
velocity data from the flow model to quantify habitat suitabil-
ity. A cumulative habitat suitability index (HSI) and weighted 
usable area (WUA) describe the usable, or preferred, habitat 
area as a function of depth and velocity.

The methods and results of this study could be used in 
future investigations to (1) examine the fine-scale preference 
in staging and spawning locations for any years with fine-scale 
acoustic telemetry data, (2) simulate the two-dimensional 
streamflow to identify potentially suitable physical habitat 
in other reaches, and (3) inform future management actions 
regarding Kootenai sturgeon habitat-restoration projects and 
monitoring.

Study Area

The 780-km-long Kootenai River originates in the 
Canadian Rocky Mountains in British Columbia and is the 
second largest tributary to the Columbia River in terms of total 
annual streamflow volume. Flowing south into Montana, the 
river transitions into Lake Koocanusa, the upper Columbia 
River flood-storage reservoir formed by Libby Dam near 
Libby, Montana, under the Columbia River Treaty of 1964 
(Northwest Power and Conservation Council, 1964). From 
Lake Koocanusa, the river flows through Libby Dam and west 
through a Canyon Reach into Idaho. About 7 miles upstream 
from Bonners Ferry, Idaho, the river transitions from a can-
yon to a wide, shallow, threaded gravel-and-cobble channel 
referred to as the Braided Reach. As the river approaches 
Bonners Ferry, Idaho, it transitions from the Braided Reach 
to a meandering channel near the Straight Reach, named for 
the approximately 1.5-km straight channel alignment through 
Bonners Ferry. From the Straight Reach, the river transitions 
to the Meander Reach, characterized predominantly by sand 
substrate in a meandering channel that continues downstream 
to Kootenay Lake (Snyder and Minshall, 1996; fig. 1).

The study reach (rkm 244.7–246.2) includes the entire 
1.5-km Straight Reach (fig. 1) and is located within a transi-
tion from free-flowing river upstream to backwater from 
Kootenay Lake. The transition to backwater, or “Transition 
Zone,” is variable throughout the year and generally ranges 
from the lower Straight Reach upstream into the Braided 
Reach (fig. 1). The Transition Zone generally is at the most 
downstream extent (rkm 244.7) in early spring concurrent with 
the lowest Kootenay Lake stage (water-surface elevation) and 
Kootenai River streamflow. The maximum backwater effect, 
often extending into the Braided Reach to near rkm 252.5, 
generally occurs during and after peak streamflow when 
Kootenay Lake is at or near full pool (generally May–July) 
(Berenbrock, 2005). The backwater transition also can be seen 
in the major transition in surficial sediment within the Straight 
Reach where the sediment transitions from gravel to sand. 
Previous bathymetric and sediment facies mapping efforts 
identified the lower part of the Straight Reach as a sediment 
transitional zone between gravel and sand (Barton and others, 
2012). This sediment transitional zone is characterized by an 
abrupt shelf composed of gravel to a deeper thalweg gener-
ally consisting of sand (fig. 3). When the backwater is mini-
mal, gravel is mobilized during high-flow events to the most 
downstream extent of the Transition Zone. The loss of energy 
owing to the backwater prevents gravel transport downstream, 
resulting in the sediment transition from gravel to sand (fig. 3; 
Barton and others, 2012).

Historically, the Straight Reach was the most upstream 
Kootenai sturgeon staging and spawning reach based on data 
collected by IDFG (Paragamian and others, 2002; Rust and 
Wakkinen, 2009). The upper extent of the Straight Reach con-
tains suitable Kootenai sturgeon spawning substrate, gener-
ally composed of gravel and cobble (Paragamian and others, 
2002). In 2015, a river-restoration project was completed in 
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the Straight Reach to add complexity to the channel and pro-
vide suitable Kootenai sturgeon staging and spawning habitat. 
Restoration treatment included a rock substrate “cluster” that 
provided a mix of gravel, cobble, and boulder substrate and 
added hydraulic complexities. Additionally, two pool-forming 
structures were added near the sediment transition to add 
or maintain depths and increase the hydraulic complexities 
(Kootenai Tribe of Idaho, 2011). For reasons still unknown, 
Kootenai sturgeon rarely stage and spawn upstream from the 
Highway 95 bridge (rkm 246; figs. 1, 3) at Bonners Ferry 
(Paragamian and others, 2009; U.S. Fish and Wildlife Service, 
2019). Recent telemetry data collected by IDFG indicated 
Kootenai sturgeon movement upstream from the Highway 
95 bridge, potentially the result of above-average streamflow 
conditions, flow-temperature mixing management, recent 
KTOI KRHRP restoration treatments, or a combination of 
each (Ross and others, 2018; Hardy and McDonnell, 2020; 
U.S. Fish and Wildlife Service, 2019). Based on egg collection 
mat (egg mat) data, Kootenai sturgeon selected the Straight 
Reach to stage and spawn, albeit at a lower frequency than 
other known spawning locations downstream (Paragamian and 
others, 2009; Ross and others, 2018, Hardy and McDonnell, 
2020). In 2018, egg mats were deployed in the Braided Reach 
near a recently constructed KRHRP habitat project within 

rkm 246–250, and a single egg was collected on an egg mat, 
marking the first documented spawning event in the Braided 
Reach (Ryan Hardy, Idaho Department of Fish and Game, 
written commun., June 11, 2018). One recovery vision and 
strategy defined by the U.S. Fish and Wildlife Service (2019, 
p. 12) is “conducting research, monitoring, and evaluation” to 
determine the success and effectiveness of individual recovery 
objectives. The recent habitat-restoration treatments and IDFG 
fine-scale monitoring data within the Straight Reach provide 
a unique opportunity to describe fine-scale Kootenai sturgeon 
habitat selection and preference.

Methods
This project used multiple datasets to develop and com-

bine two-dimensional hydraulic flow model (2D flow model) 
simulations with measured Kootenai sturgeon fish position 
(fish position) data collected in 2017. The 2D flow model 
results, combined with the fish position data, were summarized 
to describe the most frequently selected and preferred fine-
scale habitat using Habitat Suitability Indices to determine a 
weighted usable area.
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Defining and Differentiating Habitat Availability, 
Use, Selection, and Preference

Habitat terms are defined using definitions provided by 
Krausman (1999) and Litvaitis and others (1994) to differenti-
ate how each is used within this study. “Habitat” is a general 
term that simply describes any area that could potentially be 
occupied by a species; in this case, all wetted areas of the 
Kootenai River physically accessible to Kootenai sturgeon are 
considered habitat. Habitat “availability” is a quantifiable met-
ric describing measurable habitat characteristics such as depth 
and velocity. Habitat “use” describes a temporal and spatial 
association; for example, Kootenai sturgeon use the study 
reach for staging and spawning but may also use Kootenay 
Lake during other times of the year. Habitat “selection” 
implies a choice among alternative habitats that are avail-
able. For example, a part of the Kootenai sturgeon population 
selects the Straight Reach to stage and spawn; however, other 
fish may select different areas to stage and spawn. “Habitat 
preference” is determined independently of availability and 
can only be measured under the unique circumstances where 
continuous monitoring of the species provides data to sum-
marize the frequency of selection. For example, Kootenai 
sturgeon are known to select the Straight Reach for staging 
and spawning based on IDFG movement monitoring and egg 
mat data. However, little can be inferred as to what habitat is 
most frequently selected within the Straight Reach using only 
coarse movement monitoring and egg mat data. Using acoustic 
telemetry data, a frequency of selection can be summarized. 
The telemetry data, paired with measurable habitat characteris-
tics (depth and velocity), explained habitat in terms of prefer-
ence. In short, habitat preference is the frequency of selection 
with respect to one or more habitat characteristics. The study 
reach contains a sudden habitat transition near the middle of 
the Straight Reach where the deeper areas and lower velocities 
within the Meander Reach transition to shallower areas with 
increased velocities common to and present throughout the 
Braided Reach. Depth and velocity were the habitat character-
istics used in this study to quantify habitat based on depth and 
velocity preference.

Fine-Scale Acoustic Telemetry

IDFG used a VEMCO© positioning system (VPS) within 
the Straight Reach to produce fine-scale (about 2-m) Kootenai 
sturgeon positioning data. Beginning in 2003, ultrasonic 
transmitters (VEMCO© model V16), hereinafter referred to 
as “tags,” were surgically implanted in the abdominal cavi-
ties of Kootenai River white sturgeon. Beginning in 2014 and 
continuing each year thereafter, select Kootenai sturgeon had 
V16TP-6X tags implanted that recorded pressure (used to 
calculate depth with uncertainty of ±0.5 m) and temperature 
(Paragamian and Duehr, 2005; Ross and others, 2018). By 
2017, a total of 108 adult females and 14 adult males in the 
Kootenai River drainage basin were tagged. Prior to the 2017 
spawning season, 23 underwater acoustic VPS receivers (VR2 

and VR2W) were placed in an array and staggered along the 
left and right banks (rkm 244.7–246.2) throughout the Straight 
Reach (Ross and others, 2018) (fig. 3). When tagged Kootenai 
sturgeon were in range, multiple receivers within the array 
received a signal, allowing the position to be triangulated to 
produce fine-scale Kootenai sturgeon positioning. However, 
individual Kootenai sturgeon do not spawn every year; there-
fore, only a subset of the total tagged individuals was detected 
in 2017. Fish positions were recorded at an irregular time-step 
interval, with the lowest recorded interval at 1 minute. Post-
processed transmitter data included unique detection identifi-
cation, date, time, latitude, and longitude. For each Kootenai 
sturgeon with a V16TP pressure sensor tag, depth and tem-
perature data also were recorded. The horizontal position error 
(HPE), a dimensionless positional error estimate, was included 
for each fish position (Smith, 2013).

Random Positions

A random position dataset was created within the Straight 
Reach during the 2017 spawning season to help explain if 
the fish positions and resulting habitat preference occurred 
randomly rather than as a preferred process. The random posi-
tion dataset was analogous to a fish preferring continuously 
random positions within the VPS array footprint (fig. 3). A 
randomized coordinate was generated for the same total count 
and temporal interval as the measured fish position data. The 
randomized coordinates were bound to the same spatial extent 
as the measured fish positions but positioned randomly within 
that extent, thus creating a randomized dataset to describe a 
random habitat preference.

Fine-Scale Physical Habitat

Multiple datasets were combined and integrated in a 
2D flow model to summarize the fine-scale physical habitat. 
Real-time discharge and water-surface data were recorded at 
two U.S. Geological Survey (USGS) real-time streamgages 
(USGS streamgages 12310100 and 12309500; U.S. Geological 
Survey, 2021; fig. 1). Geometric terrain data included high-
resolution topography (terrain above water surface) and 
bathymetry (terrain below water surface) collected in 2017. 
Topography data included topo-bathymetric Light Detection 
and Ranging (lidar), a technology that includes topography 
and the bathymetry (to about 3 m below the water surface 
for the Kootenai River data) (U.S. Geological Survey, 2017). 
Multibeam bathymetry data were collected in areas not cov-
ered by the topo-bathymetric lidar as part of a separate project 
in cooperation with the Kootenai Tribe of Idaho, with funding 
provided by Bonneville Power Administration (Fosness and 
Dudunake, 2019). Together, the lidar and multibeam bathyme-
try data provided a seamless high-resolution geometric terrain 
surface within the study reach. Acoustic Doppler current pro-
filer (ADCP) streamflow velocity data were collected and pro-
vided measured velocity data within the reach in June 2017, 
near each of the artificial substrate clusters (Fosness, 2021).
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Two-Dimensional Hydraulic Model

Kootenai River hydraulic conditions were simulated for 
the 2017 VPS fish position sample period (May 1–July 31, 
2017) using the International River Interface Cooperative 
Flow and Sediment Transport with Morphological Evolution 
of Channels (FaSTMECH) two-dimensional hydraulic flow 
model (Nelson and others, 2003). In addition to this study, 
FaSTMECH 2D flow models were developed for numerous 
Kootenai River studies dating back to 2005. The methods 
used to develop, calibrate, and simulate FaSTMECH 2D flow 
models are described at length in multiple previous stud-
ies (Barton and others, 2005, 2009; Logan and others, 2011; 
McDonald and others, 2016; McDonald and Nelson, 2018, 
2021; Fosness, 2021).

The 2D flow model extended from Ambush Rock (rkm 
244.7) upstream to near Bonners Ferry (rkm 246.7). The 2D 
flow model extended 0.5 km upstream from the study reach 
to allow for a more suitable flow alignment. High-resolution 
(about 1-m) geometric terrain surface data (topography and 
bathymetry) were imported and used as the topography layer. 
Roughness coefficients describing the “roughness” of the 
channel bed originally were assigned based on a recent cali-
brated Kootenai River FaSTMECH 2D flow model (McDon-
ald and Nelson, 2021); additionally, roughness coefficients 
were assigned to the bridge piers and KRHRP treatment 
features (rock substrate clusters and pool-forming structures). 
The computational grid included 2,000 grid points or “nodes” 
in the streamwise direction and 700 nodes in the cross-stream 
direction resulting in a 1-m by 1-m “fine-scale” grid. Model-
boundary conditions required a downstream water-surface 
elevation (measured in meters) paired with a measured 

streamflow value measured in cubic meters per second. USGS 
streamgage Kootenai River at Tribal Hatchery (streamgage 
12310100) provided instantaneous flow data (15-minute inter-
val), and USGS streamgage Kootenai River at Bonners Ferry 
(streamgage 12309500) provided stage data verification within 
the study reach (fig. 1) (U.S. Geological Survey, 2021). Stage 
data were added to the streamgage datum offset, converting 
stage to water-surface elevation in North American Vertical 
Datum of 1988. The instantaneous flow and water-surface 
elevation data were averaged to an hourly time-step. Measured 
water-surface elevation data at the downstream boundary were 
not available at the fine-scale model downstream boundary 
(near Ambush Rock). A previously developed and calibrated 
FaSTMECH 2D flow model (McDonald and Nelson, 2018) 
was simulated on an hourly time-step for the same period 
(May 1–July 31) and provided the downstream water-surface 
elevation boundary condition for the fine-scale model.

The 2D flow model was calibrated over a series of 
steady-flow conditions representing a range of flow magni-
tudes (915, 978, 533, and 292 cubic meters per second [m3/s]) 
in 2017 (fig 4; Fosness, 2021). Model calibration generally 
included modifying the roughness drag coefficient values to 
minimize the root mean square error between the simulated 
water-surface elevations compared to measured water-surface 
elevations at the model calibration points. After calibration, 
the model was simulated at an hourly time-step during May 
1–July 31, 2017, producing a total of 2,208 model simulations 
(fig. 4). The 2D model simulations were output for each hourly 
time-step and produced a unique solution that included depth 
(water-surface elevation minus bed elevation, in meters) and 
depth-averaged velocities (magnitude, measured in meters per 
second).
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Figure 4. Two-dimensional flow model calibration and verification points during the spawning season in the 
Kootenai River study area, northern Idaho, May 1–July 31, 2017. USGS, U.S. Geological Survey.
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Habitat Suitability Index Development

The 2D model output parameters (including depth and 
velocity) from the simulated flows were paired with measured 
fish, randomized, and available position data during the period 
of telemetry data to develop a dimensionless HSI for each 
parameter and position.

Because the fish positions did not always directly overlap 
with the model grid nodes (corner points of the grid), the 
measured fish positions were interpolated between the model 
grid nodes to provide estimated depth and velocity values for 
each fish position. The resulting values were compiled into 
depth and velocity distributions to quantify habitat preference 
with respect to the available hydraulic habitat conditions. The 
random positions were paired with the simulated values to 
determine if measured fish positions were a unique distribution 
compared to the random position distribution. The comparison 
between measured fish and randomized positions provided a 
method to determine if fish positions were random or selec-
tive. Distributions of selected depth and velocity at each 
measured and randomized fish position were determined by 
interpolating the simulated values at the corresponding time of 
each fish position. The available positions represent all model 
node data points within the footprint of the VPS. The available 
depth and velocity distributions were determined by extract-
ing depth and velocity at each node within the VPS array for 
each 1-hour time-step. Two-sample Kolmogorov-Smirnov 
(K-S) goodness-of-fit tests were used to determine if signifi-
cant differences existed between the distributions of available, 
selected, and randomized habitat.

The HSI provided a relative measure of habitat prefer-
ence for each hydraulic parameter within the available area. 
To determine the HSI, the depth and velocity at each point 
first were weighted by the inverse of the available fraction 
within the area (areal fraction) using methods described in 
Wyman and others (2018). Depth and velocity are functions of 
discharge and backwater extent; therefore, the areal fraction 
of velocity and depth was unique for each model time-step. 
Habitat suitability distributions were developed by normal-
izing the weighted depth or velocity to obtain an HSI between 
0 (least suitable) and 1 (most suitable). Assigning a weight 
to each parameter provided equal importance to areas where 
certain depths or velocities were preferred but were less avail-
able within the sample area. Moreover, the number of mea-
sured fish positions was variable for each fish; therefore, the 
HSI was weighted by the inverse of the fraction of individual 
positions to the total fish positions. Weighting the HSI by the 
inverse fraction of fish positions equalized the contribution of 
each fish for calculating habitat metrics to avoid any dispro-
portionate effects on the results (Wyman and others, 2018).

Weighted Usable Area Index

The weighted usable area (WUA, in square meters) 
describes the available habitat based on habitat quality charac-
terized from preferred habitat. This metric was calculated as

  WUA  =    ∑  
1
  

i
   CH  S  i     ×    a  i   , (1)

where
 CHS is the cumulative habitat suitability 

index value,
 i is the number of nodes in the two-dimensional 

flow model, and
 ai is the contributing area of the grid node.

Each grid node in the 2D flow model was given an HSI 
for depth and velocity based on the developed habitat suitabil-
ity distributions from selected habitat. The CHS for each grid 
node in the model was calculated as the geometric mean of 
the depth and velocity HSI values. The WUA was calculated 
by multiplying the CHS by the contributing area of each grid 
node for a given discharge at a 1-hour time-step and sum-
ming all values. Like the HSI, the CHS is any value between 0 
(least suitable) and 1 (most suitable). The WUA quantified the 
temporal changes in the preferred habitat as a function of dis-
charge and variable backwater conditions that exist within the 
study reach. The CHS and WUA were calculated for the entire 
model area to distinguish temporal changes in habitat quality.

Kootenai River White Sturgeon 
Fine-Scale Habitat Selection and 
Preference

The 2017 spawning period consisted of an unusu-
ally early and extended-duration peak-discharge period (fig 
4). Streamflow departed from the median daily statistic on 
March 19, and peak instantaneous flow of 1,260 m3/s (USGS 
streamgage 12310100, Kootenai River at Tribal Hatchery; 
U.S. Geological Survey, 2021) occurred on March 20, about 
2 months earlier than the normal peak flow period (May/
June). Flows remained at or greater than 766 m3/s through 
June 13. The above-average flow period was the result of 
above-average snowpack within the Kootenai River drainage 
basin. In mid-June, flow receded to less than the median daily 
statistic. Flows for the 2017 2D model and VPS fish position 
sample period (May 1 –July 31, 2017) ranged from a peak 
(maximum) of 1,186 m3/s on May 6 to a minimum of 276 m3/s 
on July 28 (fig 4). Because of the backwater from Kootenay 
Lake, the peak water-surface elevation at Bonners Ferry did 
not occur during the peak flow. The peak water-surface eleva-
tion of 537.9 m in the study reach occurred on June 4.
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The available depths within the study reach summarize 
all wetted areas within the same extent of the VPS array. The 
depths for the spawning period were summarized by exporting 
the model results for each time-step and summarizing all the 
data. Available depths ranged from 0 to 11.76 m, with a mean 
depth of 5.85 m (±1.71 m) (table 1). Available depths gener-
ally were bimodal, with shallow areas in the upstream part of 
the study reach (about 5.6 m) and deeper areas in the down-
stream part of the study reach (about 9 m). Shallow areas (less 
than about 5.6 m) generally were located on gravel extend-
ing from the top of the reach to the downstream extent of the 
gravel bar (fig. 3). The deeper areas (more than 9 m) generally 
occurred in the lower one-half of the study reach downstream 
from the gravel bar, in the pools near the bridges, and on the 
right (north) side of the river (fig. 5A).

The available depth-averaged velocities in the study 
reach were summarized using the same methods described for 
the depth data and ranged from 0 to 1.47 meters per second 
(m/s) (table 1). The mean and median velocity in the study 
reach were 0.86 m/s (±0.26 m) and 0.91 m/s, respectively. The 
highway and railroad bridges are located at a natural contrac-
tion in the river, and the reduction in width in conjunction with 
shallower depths increased depth-averaged velocities within 
the contracted area. In contrast, the sudden increase in depth 
downstream from the gravel bar caused a sudden decrease in 
the velocities.

Measured Kootenai Sturgeon Fish Positions

In 2017, 54 tagged adult Kootenai sturgeon were detected 
in the Idaho part of the Kootenai River (Hardy and McDon-
nell, 2020). Of the 54 adult Kootenai sturgeon, 27 individuals 
(23 females and 4 males) were detected in the study reach. At 
the time of tagging (2009–17), fish fork length ranged from 
151 to 269 centimeters and weights ranged from 26 to 81 
kilograms. The first tagged Kootenai sturgeon was detected in 

the study reach on May 6, 2017, and the last detection was on 
June 30, 2017. A total of 49,501 Kootenai sturgeon position 
detections (Kootenai sturgeon or fish positions) were recorded. 
The HPE values (dimensionless) ranged from a minimum of 
9.1 to a maximum of 336.9, where the maximum value was 
too large for a fine-scale analysis. Numerous fish positions 
were located outside of wetted area (on the land surface). The 
HPE of these positions was reviewed and generally was larger 
than 12, indicating, therefore, that fish positions with an HPE 
greater than 12 were too coarse to be included in this fine-
scale study. After filtering the HPE to 12 and less, a total of 
42,267 fish positions were used for the analysis (fig. 6). Of the 
total fish positions used in this analysis, 48 percent were from 
a single fish; HSI values were weighted to remove the dispro-
portionate effect of that individual using methods described in 
Wyman and others (2018).

Kootenai sturgeon observations predominantly occurred 
downstream from the gravel bar extent (figs. 3, 6). The largest 
concentration of observations occurred near the edge of the 
gravel bar adjacent to the right bank (north) pool-forming 
structure; three additional areas with large concentrations of 
measured fish positions occurred near the two rock substrate 
clusters. Only two locations with more than 10 measured fish 
positions occurred upstream from the gravel bar extent (fig. 6). 
The ADCP data collected on June 6, 2017, described the 
three-dimensional depth and velocity variability near the areas 
with the largest concentration of fish observations. For areas 
directly downstream from the edge of the gravel bar and sub-
strate clusters, the ADCP data provided a visual representation 
of the velocities near substrate clusters (fig. 7; Fosness, 2021). 
The ADCP velocity data are not captured in the area near the 
water surface. This area is referred to as the blanking distance 
and, for the ADCP used in this study, results in missing data 
of about 0.5 m. Additionally, velocity data near the channel 
bed (lower 6 percent of the water depth) also are unable to be 
measured (Mueller and others, 2013).

Table 1. Depth and velocity summary for available, selected, and random habitat from 
hydrodynamic model simulations, Kootenai River study area, northern Idaho, 2017.

[Available habitat: Summarized for each model simulation within the telemetry footprint on an hourly time-step for 
May 5–June 30, 2017. Selected habitat: For a total of 42,267 fish locations from 27 individual fish, May 5–June 30, 
2017. Random habitat: Random positions, generated at 42,267 locations. Abbreviations and symbol: SD, Standard 
deviation; min, minimum; max, maximum; ±, plus or minus]

Parameter Available habitat Selected habitat Random habitat

Depth (meters)

Median 5.67 7.17 5.65
Mean (± SD) 5.85 (±1.71) 6.97 (±1.8) 5.78 (±1.77)
Range (min/max) 0.00–11.76 0.28–11.47 0.00–11.41

Velocity (meters per second)

Median 0.91 0.85 0.89
Mean (± SD) 0.86 (±0.26) 0.79 (±0.24) 0.84 (±0.26)
Range (min/max) 0.00–1.47 0–1.27 0.00–1.43
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Figure 5. Example International River Interface Cooperative Flow and Sediment Transport with Morphological 
Evolution of Channels two-dimensional hydraulic flow model with (A) example depth and (B) velocity, Kootenai 
River study area, northern Idaho, June 6, 2017.

Measured fish position depths, hereinafter described as 
“selected depths,” ranged from 0.28 to 11.47 m, with a mean 
depth of about 7 m (±1.8 m). To clarify, the measured fish 
position depths are stated using the fish position combined 
with the 2D model depths. In comparison, the available depths 
had about the same range, but overall were shallower, with 
an average of 5.85 m (fig. 8). Two peaks in available depths 
occurred, around 5.5 and 9 m, whereas the Kootenai stur-
geon most frequently preferred depths from 7 to 11.5 m. The 
bimodality of available depths at 5.5 and 9 m represent shal-
low gravel substrates and deeper sandy substrates mixed with 
intermittent gravels, respectively. A K-S test compared the 
similarity between the preferred and available distributions. 

The K-S test resulted in a low p-value (probability that these 
data would have occurred by random chance) of less than 
0.05, rejecting the null hypothesis that the distribution between 
the preferred and available depths are from the same distribu-
tion. The difference in preferred and available depth distribu-
tions objectively quantifies that Kootenai sturgeon generally 
preferred depths of 7–11.5 m, deeper than the most frequently 
available depths.

Measured fish position velocities, hereinafter referred to 
as “selected velocities,” ranged from about 0 to 1.27 m/s with 
an average velocity of about 0.8 m/s (±0.24 m/s). Kootenai 
sturgeon preferred a wide range of velocities from 0.0 to 
1.0 m/s. The available velocities ranged from 0 to 1.47 m/s, 
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Figure 6. Kootenai River white sturgeon fish positions, Kootenai River near Bonners Ferry, northern Idaho, May 6–June 30, 2017.

with a mean of 0.86 m/s. (fig. 8). The K-S test resulted in a 
low p-value (<0.01), therefore rejecting the null hypothesis 
that the preferred and available velocities are from the same 
distribution. The difference in available and preferred veloci-
ties indicates that Kootenai sturgeon generally preferred a 
wide range of velocities from 0.0 to 1.0 m/s and generally 
preferred velocities that were less than the most frequently 
occurring available velocities.

Four Kootenai sturgeon with V16TP sensors were mea-
sured in the study reach in 2017. Depth data from the four 
Kootenai sturgeon were compared to model output depths 
(total depth) based on the fish position. Using 707 depth obser-
vations, about 71 percent of the detections occurred within the 
lower one-third of the water column (fig. 9). Thirty Kootenai 
sturgeon depth observations exceeded the total depth, indicat-
ing an error in the positions resulting in an erroneous depth 
estimate. For those 30 detections, the Kootenai sturgeon pre-
sumably were at or near the channel bed. These findings align 

with a previous study reporting that about 75 percent of the 
Kootenai sturgeon occupied the lower one-third of the water 
column during the staging and spawning periods (Paragamian 
and Duehr, 2005). A depth preference for the lower one-third 
of the water column is shown along with the velocities near 
the largest concentration of observations at transects 7, 8, and 
11 (fig. 7).

Random Positions

Random coordinate positions were generated for 42,267 
positions, the same as the measured fish positions. The random 
positions were set to the same time-step interval as the mea-
sured fish positions to ensure that the two datasets were similar 
in total counts and temporal interval and were paired with 2D 
flow model output data using the same methods described for 
the measured fish positions and summarized in terms of depth 
and velocity.
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Figure 8. Fraction of total Kootenai River white sturgeon depth and velocity observations for 
available and preferred fish positions, Kootenai River near Bonners Ferry, northern Idaho. K-S test, 
Kolmogorov-Smirnov test; p <, probability that these data would have occurred by random chance is less 
than.
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Figure 9. Measured Kootenai River white sturgeon depths compared to model simulation total depth 
for 707 observations in the Kootenai River near Bonners Ferry, northern Idaho, 2017.

Random position depth and velocity distributions 
simulated random fish selection within the VPS array foot-
print. The random distributions provided a comparison to the 
available depth and velocity distributions and were uniformly 
distributed in depths ranging from 0 to 11.41 m and velocities 
ranging from 0 to 1.43 m/s within the VPS array. Although the 
random position depth distribution was uniformly distributed 
(fig. 10), the random depth fraction exceeded the available 

depth fraction for depths of 0 to about 3 m and 8 to 11.41 m. 
The random depth distribution was not the same as the avail-
able depth distribution (K-S test, p <0.05), indicating that 
randomly selected depths are not a function of the available 
depths and that a broad depth range was available. The random 
velocities (fig. 10) exceeded the available velocities for values 
ranging from 0 to about 0.7 m/s. The random velocity distri-
bution was not the same as the available velocity distribution 
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(K-S test, p <0.001). More spatial area was available for 
velocities of about 0.7–1.43 m/s, but an equal opportunity for 
the full range of velocities, if preferred.

Random depth and velocity distributions were compared 
to the preferred depth and velocity distributions to quantify 
preference as a random or systematic distribution. There was 
a significant difference (K-S test, p <0.01) between preferred 
and random depth distributions, suggesting that specific depths 

were preferred (fig. 11). Although fish observations occurred 
at nearly all depths, fish preferred depths greater than about 
7.5 m. Random and selected velocity distributions were 
compared to determine if fish preferred certain velocities in 
the study area. The K-S test indicated the distributions were 
similar (p >0.5); therefore, the velocity preference aligns with 
a random process (fig. 11).
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Figure 10. Kootenai River white sturgeon depth and velocity for available and random positions, Kootenai 
River near Bonners Ferry, northern Idaho. K-S test, Kolmogorov-Smirnov test; p <, probability that these 
data would have occurred by random chance is less than.
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Figure 11. Kootenai River white sturgeon depth and velocity for random and selected fish positions, 
Kootenai River near Bonners Ferry, Idaho,
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Habitat Suitability Indices

Habitat suitability indices (HSIs) were developed by pair-
ing selected fish positions with depths and velocities from the 
flow model to determine habitat preference in the study reach. 
HSI values were calculated by normalizing the depth and 
velocity values by fish position counts to avoid one fish hav-
ing a disproportionate effect on the habitat suitability curve. 
Depth bins ranged from 0 to 11 m (with the largest preference 
ranging from 8 to 9 m) and represented 18 percent of the total 
normalized weighted count of fish observations. Depth HSI 
was limited to a narrow selection of depths from 6 to 9 m 
(fig. 12; Fosness, 2021).

Velocity bins ranged from 0.0 to 1.2 m/s (with the highest 
preference ranging from 0.6 to 0.8 m/s) and represented 12 
percent of the total normalized weighted count of fish observa-
tions. Most velocity HSI values were distributed from 0.2 to 
1.0 m/s. The wide band of velocity HSI resulted in a geomet-
ric mean value that is evenly distributed across the range of 
velocities (fig. 12; Fosness, 2021).

The CHS was calculated using the geometric mean of 
depth and velocity HSI results. The CHS was highest near the 
channel thalweg and rock substrate clusters, where the local 
depths and velocities ranged from 6 to 9 m and 0.2 to 1.0 
m/s (figs. 5, 13), respectively. The CHS generally decreased 
upstream from the gravel bar shelf where depths were shal-
low, resulting in increased velocities. One exception to the 
decreased CHS upstream from the gravel bar was the deeper 
area near the right bank immediately downstream from the 
railroad bridge where the velocities were lower (fig. 13).

Weighted Usable Area

The WUA describes the usable, or preferred, habitat 
area as a function of temporally variable parameters, includ-
ing depth and velocity. Discharge, in addition to the variable 
backwater within the Transition Zone, created a continu-
ously variable WUA throughout the model period. The WUA 
ranged from about 34,300 to 72,900 m2 and generally was 
explained by the total discharge in the study reach (275–1,190 
m3/s) (fig. 14; Fosness, 2021). The WUA generally followed 
the same trends as discharge, indicating a positive relation 
between the habitat quality and increased discharge based on 
CHS metrics. One exception was that the maximum WUA 
did not occur during the peak flow on May 6. The maximum 
WUA (73,900 m2) occurred during the peak water-surface 
elevation on June 4, the result of increased depth because of 
the increased backwater from Kootenay Lake (fig. 14). In 
comparison, the WUA during the peak flow (1,190 m3/s) on 
May 6 was seven percent lower (67,700 m2) because of the 
lower extent of backwater from Kootenay Lake (fig. 14).

Peak fish observations occurred on June 9 (1,143 obser-
vations), with a secondary peak occurring on June 22 (974 
observations) (fig. 14). The June 9 peak occurred 5 days after 
the maximum WUA. However, a second peak fish observation 
occurred on June 22, when the WUA was 57 percent lower 
than the maximum WUA.
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Figure 12. Kootenai River white sturgeon depth and velocity habitat suitability indices, Kootenai 
River near Bonners Ferry, northern Idaho.
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Figure 14. Weighted usable area and discharge of Kootenai River white sturgeon habitat in the study extent, Kootenai River near 
Bonners Ferry, northern Idaho, May–July 2017.

Considerations for Future Habitat 
Studies

Future investigations might consider applying methods 
from this study to identify the potential for preferred physi-
cal habitat in additional reaches of the Kootenai River or 
other white sturgeon reaches outside the Kootenai River. The 
methods and results of this study could be further expanded to 
inform future management actions regarding (1) the seasonal 
flow and stage regime and (2) Kootenai sturgeon habitat-
restoration projects and monitoring. The 2D model data could 
be simulated in near real-time to identify what forecasted 
conditions may provide with respect to WUA. For example, 
the Northwest River Forecast Center provides 10- and 120-day 
forecasts for stage and streamflow. For the Kootenai River, 
stage and streamflow are predominantly dependent on condi-
tions from Kootenay Lake (stage and resulting backwater) and 
outflow from Libby Dam (streamflow). The 2D model could 
simulate the forecasted stage and streamflow combinations 
and provide a daily WUA within the forecasted period. The 
resulting WUA results would provide water and biological 
managers with a tool to support flow timing and duration. The 
methods of this study also could be used to identify Kootenai 
sturgeon habitat-restoration projects and monitoring by con-
sidering the WUA within the habitat-restoration and monitor-
ing designs. For example, habitat treatments could be assessed 
to ensure that a desired amount of WUA is achieved based on 

the design criteria. Monitoring efforts could target areas that 
have been identified as having the largest potential WUA and, 
therefore, the highest likelihood of fish position observations.

Discussion
An above-average snowpack within the Kootenai River 

drainage basin in 2017 resulted in an above-average flow 
period on the Kootenai River with an early and extended dura-
tion peak-flow period. The IDFG suggested that the number of 
days where flow exceeds 850 m3/s might be the best predicator 
of probability of Kootenai sturgeon migration into the braided 
reach (Hardy and McDonnell, 2020). Of the 54 tagged adult 
Kootenai sturgeon, 27 were detected in the study reach during 
May 6–June 30, 2017, indicating that the above-average flow 
period may have increased the number of Kootenai sturgeon in 
the study reach. After filtering the fish position data to include 
positions with a horizontal position error of 12 or less, a total 
of 42,267 Kootenai sturgeon position detections were used in 
the analysis. Kootenai sturgeon observations predominantly 
occurred downstream from the gravel bar extent. The larg-
est concentration of observations occurred near the edge of 
the gravel bar adjacent to the right bank (north) pool-forming 
structure and in three additional areas with large concentra-
tions of measured fish positions near the two rock substrate 
clusters. The fish position spatial locations used in this study 
generally agreed with those from Golder Associates Limited 
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(2020); however, the objectives for this study related fish 
positions to the selected depth and velocity to explain habitat 
selection and preference.

The difference in preferred and available depth distribu-
tions quantifies that Kootenai sturgeon generally preferred 
depths of 7 to 11.5 meters (m), deeper than the most frequently 
available depths. Kootenai sturgeon observations predomi-
nantly occurred downstream from the gravel bar extent, and 
about 71 percent of the fish position detections with depth-
tags occurred within the lower one-third of the water column, 
placing Kootenai sturgeon at or near the channel bed. This 
observation agrees with findings from Paragamian and others 
(2009) in which 75 percent of the positions also were within 
the lower one-third of the water column.

The difference in available and preferred velocities indi-
cated that Kootenai sturgeon generally preferred locations with 
a wide range of velocities from 0.0 to 1.0 m/s and generally 
preferred areas where the depth-averaged velocities were less 
than the most frequently occurring available depth-averaged 
velocities. However, given that Kootenai sturgeon were in the 
study reach during the peak backwater conditions, the velocity 
variability within the reach was minimal. Kootenai sturgeon 
generally preferred the downstream part of the study area 
where velocity was less than in the upstream part. Paragamian 
and others (2009, p. 640) noted that Kootenai sturgeon spawn 
“in areas of highest available velocity and depths over a 
range of flow.” This suggestion may be valid for the Meander 
Reach critical habitat, but the results of this study suggest 
that Kootenai sturgeon preferred deep areas with decreased 
velocities (downstream from gravel bar and near recently 
constructed substrate clusters).

A random position dataset was created within the Straight 
Reach during the 2017 spawning season to help explain if 
the fish positions and resulting habitat preference occurred 
randomly rather than as a preferred process. The randomized 
coordinates were bound to the same spatial extent as the mea-
sured fish positions but were positioned randomly within that 
extent, thus creating a randomized dataset intended to describe 
a random habitat preference. The random depth distribution 
was not the same as the available depth distribution (K-S test, 
p < 0.05), indicating that randomly selected depths are not a 
function of the available depths and that a broad depth range 
was available, if preferred. The random velocity distribution 
was not the same as the available velocity distribution (K-S 
test, p <0.001), indicating more spatial area available where 
velocities were about 0.7–1.43 m/s but an equal opportunity 
for the full range of velocities, if preferred.

In contrast to the available area, random depth and veloc-
ity distributions were compared to the preferred depth and 
velocity distributions to quantify preference as a random or 
systematic distribution. The preferred and random depth dis-
tributions differed significantly (K-S test, p < 0.01), suggesting 
that specific depths were preferred. Although fish observations 
occurred at nearly all depths, fish preferred depths greater 
than about 7.5 m. Random and selected velocity distributions 
were compared to determine if fish preferred certain velocities 

in the study area. The K-S test indicated that the random and 
selected velocity distributions were similar (p >0.5); there-
fore, the velocity preference aligned with a random process. 
Perrin and others (2003) suggested that hydraulically complex 
areas are used for spawning in a confined river channel for 
unregulated and regulated rivers. A depth-averaged velocity 
might not sufficiently explain velocity near areas with rapidly 
changing hydraulic complexity, such as those immediately 
downstream from the gravel bar and near the substrate clus-
ters. Using a three-dimensional model near preferred areas 
(downstream from the gravel bar and near recently constructed 
substrate clusters) may more accurately explain the hydraulic 
complexity in the lower one-third of the water column.

The depth habitat suitability index (HSI) was limited to 
a narrow selection of depths ranging from 6 to 9 m, whereas 
velocity HSI values were more widely distributed, ranging 
from 0.2 to 1.0 m/s. The wide band of velocity HSI results in 
a geometric mean value that was evenly distributed across the 
range of velocities. The cumulative habitat suitability (CHS) 
was highest near the channel thalweg and rock substrate 
clusters where the local depths and velocities ranged from 6 to 
9 m and from 0.2 to 1.0 m/s, respectively. The CHS generally 
decreased upstream from the gravel bar shelf where depths 
were shallow resulting in increased velocities. One exception 
to this pattern was near the right bank immediately down-
stream from the railroad bridge, where depths and velocities 
increased.

The weighted unit area (WUA) generally followed 
the same trends as discharge, indicating a positive relation 
between the habitat quality and increased discharge based on 
CHS metrics. However, the maximum WUA did not occur 
during the peak flow on May 6 but rather during the peak 
water-surface elevation on June 4, the result of increased 
depth owing to the increased backwater from Kootenay Lake. 
Peak fish observations occurred on June 9, with a secondary 
peak occurring on June 21. The June 9 peak occurred 5 days 
after the maximum WUA. A second peak fish observation 
occurred on June 21, when the WUA was 55 percent lower 
than the maximum WUA. The second peak in fish observation 
may indicate that although the flow decreased from June 9 
to June 21, the backwater from Kootenai Lake provided 
increased depths within the reach. However, after June 30, 
2017, no fish positions were measured within the study reach, 
indicating that a combination of stage and streamflow may 
have resulted in an undesirable CHS and resulting WUA. It is 
unknown whether the fish departed the study reach because of 
hydraulic or biological conditions, but the complete departure 
of fish observations occurred at the same time as a sudden 
decrease in WUA. The second peak in fish observation may 
indicate that, although the flow decreased from June 9 to 
June 21, the backwater from Kootenay Lake maintained favor-
able depths and velocities within the reach. Future investiga-
tions might consider exploring further this second peak in 
fish observations by correlating the fish position data during 
a water year with an increased WUA during the descending 
limb of the spring runoff. One option to increase the WUA 
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for a longer duration might include maintaining increased 
streamflow, Kootenay Lake elevation (increased backwater), 
or a combination of both for a longer duration. The IDFG 
suggested that Libby Dam operations maximize the number of 
days where flow exceeds 850 m3/s to increase the probability 
of a Kootenai sturgeon migrating to the Braided Reach (Hardy 
and McDonnell, 2020). Based on the results and observations 
from this study, an increased flow combined with an increased 
Kootenay Lake elevation would result in increased WUA. 
The increased WUA might result in increased fish observa-
tions within the study reach and into the Braided Reach and, 
therefore, might increase the chance for spawning over a more 
suitable spawning substrate.

This study concludes that Kootenai sturgeon within the 
Straight Reach in 2017 generally avoided shallow areas with 
increased velocities and generally favored deep areas (7–11.5 
m deep) over a broad range of velocities (0.0–1 m/s), show-
ing a preference for recently constructed habitat-restoration 
structures. The results of this study would benefit from the 
inclusion of additional years of data to examine fine-scale 
preference in the Straight Reach and other staging and spawn-
ing locations for any years with fine-scale acoustic telemetry 
data. The incorporation of additional water years would 
test the response to fish observations during a different flow 
regime (flow and backwater) and, therefore, a different WUA 
compared to 2017.

Summary
The U.S. Geological Survey, in cooperation with the U.S. 

Fish and Wildlife Service, integrated acoustic telemetry data 
with two-dimensional hydraulic model simulations within a 
1.5-kilometer reach of the Kootenai River near Bonners Ferry, 
northern Idaho. This study quantified fine-scale Kootenai 
River white sturgeon (Acipenser transmontanus) staging and 
spawning habitat selection and preference within a recently 
restored reach of the Kootenai River.

This project used multiple datasets to develop and 
combine two-dimensional hydraulic flow model (2D flow 
model) simulations with measured Kootenai sturgeon fish 
position (fish position) data collected in 2017. The 2D flow 
model results, combined with the fish position data, were 
summarized to describe the most frequently selected and 
preferred fine-scale habitat using Habitat Suitability Indices 
to determine a weighted usable area. Twenty-seven individual 
Kootenai sturgeon were detected in the study reach during 
May 6–June 30, 2017. The largest concentration of fish posi-
tions occurred near the edge of the gravel bar adjacent to the 
right bank pool-forming structure and additional concentra-
tions of fish positions occurred near two recently constructed 
rock substrate clusters. The difference in preferred and avail-
able depth distributions quantified that Kootenai River white 
sturgeon generally preferred depths of 7–11.5 meters, deeper 
than the most frequently available depths. About 71 percent of 

the detections occurred within the lower one-third of the water 
column, placing Kootenai sturgeon at or near the channel 
bed. The difference in available and preferred water veloci-
ties indicated that Kootenai River white sturgeon generally 
preferred a wide range of velocities from 0.0 to 1.0 meters per 
second, and generally preferred velocities that were less than 
the most frequently occurring available velocities. Kootenai 
sturgeon generally preferred the downstream part of the study 
area where water velocities were less than the water velocities 
in the upstream part. This study concluded that Kootenai River 
white sturgeon generally avoided shallow areas with increased 
velocities and generally favored deep areas with lower veloci-
ties near recently constructed restoration structures.
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