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ABSTRACT 

The Yellowstone River retains some of the least-altered large river habitat remaining in 
the Rocky Mountains and Great Plains because it is the longest unimpounded river in the 
contiguous United States. Several Species of Concern and culturally important species 
occur in the Yellowstone River; however, sparse information exists regarding their 
movements and habitat selection, which precludes science-based management and 
conservation. We studied movements and habitat selection of Blue Suckers, Shovelnose 
Sturgeon, Burbot, Channel Catfish, and Spiny Softshells over 600 km of the Yellowstone 
River from the Clarks Fork downstream to the confluence with the Missouri River. Blue 
Suckers and Shovelnose Sturgeon had long home ranges and extensive movements 
whereas Burbot, Channel Catfish, and Spiny Softshells had smaller home ranges. Blue 
Suckers used the Yellowstone River in spring through autumn and emigrated to the 
Missouri River for overwintering while all other species remained in the Yellowstone 
River year round. Aggregations during spawning and nesting seasons were observed, but 
their wide spatial dispersion and overall paucity suggests that suitable spawning and 
nesting habitats occur at multiple locations along the river. All species readily passed 
upstream of natural rapids, but passage at diversion dams varied among structures, 
species, and discharge levels. Blue Suckers passed most diversions while Shovelnose 
Sturgeon only rarely passed one diversion (Intake) and were blocked by other diversions 
(Cartersville). Burbot, Channel Catfish, and Spiny Softshells encountered diversion dams 
less often because of their smaller home ranges, but were able to pass diversions on some 
occasions and were blocked during others. Habitats used by our study species were 
spatially and temporally diverse with respect to geomorphology. For example, main 
channels and side channels, reaches with varied geological confinement, and reaches with 
and without islands were all selected by one or more of our study species during one or 
more seasons of each year. Blue Suckers and Shovelnose Sturgeon largely avoided 
unconfined reach types and used main channel habitats. Burbot and Channel Catfish 
largely avoided confined reaches and also used main channel habitats. Spiny Softshells 
preferred secondary channels in all seasons but winter, when they preferred bluff pools. 
We observed little use of tributaries by all species. The overall diversity of habitat use 
and habitat availability is likely attributable to the lack of main-stem impoundments and 
channelization and the relatively natural flow regime that makes the Yellowstone River 
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unique among large rivers in the Rocky Mountains and Great Plains. Preservation of 
riverine processes that maintain this habitat diversity will increase the likelihood that the 
Yellowstone River retains an intact aquatic assemblage. 

 

INTRODUCTION 

The Yellowstone River is the longest unimpounded river in the contiguous United States 
and represents some of the most pristine large-river habitat remaining in the Rocky 
Mountains and Great Plains (Figure 1). The fish assemblage includes 36 native species 
from 10 families (White and Bramblett 1993); six species are state-listed Species of 
Special Concern and the pallid sturgeon Scaphirhynchus albus is a federally-listed 
endangered species (Montana Natural Heritage Program 2014). The river also supports a 
diverse wildlife assemblage that includes Spiny Softshell turtles Apalone spinifera, Bald 
Eagles Haliaeetus leucocephalus, and two federally-endangered bird species, the Interior 
Least Tern Sternula antillarum, and the Piping Plover Charadrius melodus. This 
faunally-rich ecosystem has considerable ecological value and supports a culturally-
important recreational fishery resulting in designation as an Aquatic Conservation Focus 
Area by Montana Fish, Wildlife & Parks (FWP). Accordingly, the relatively intact 
hydrology and ecological processes in the Yellowstone River provide a unique setting to 
determine movements and habitat selection of fishes in a comparatively unaltered river 
and inform management and restoration direction occurring in more altered systems.    

Despite the ecological and cultural values associated with the Yellowstone River 
ecosystem, limited life history and behavioral information currently exists for most native 
species, thereby restricting management and conservation options and effectiveness. 
Moreover, although the Yellowstone River lacks any large main-stem impoundments, it 
is spanned by six low-head diversion dams (Figure 1), and the degree to which these 
structures limit passage of fish is not well understood. Therefore, the goal of this study 
was to increase the knowledge base for ecologically and culturally-important native 
Yellowstone River fish and wildlife to help guide the formulation of management and 
conservation strategies that will benefit both this unique ecosystem and more altered 
large prairie rivers. Specific emphasis was placed on Blue Suckers Cycleptus elongatus, 
Burbot Lota lota, Channel Catfish Ictalurus punctatus, Shovelnose Sturgeon 
Scaphirhynchus platorynchus, and Spiny Softshells because of scarcity, recreational and 
cultural importance, and a limited knowledge base.  

Blue Suckers are a Montana Species of Special Concern (Montana Natural Heritage 
Program 2014), and a Federal Endangered Species Act category 2 species (listing as 
endangered or threatened was possibly appropriate, but sufficient data were not currently 
available) by the U.S. Fish and Wildlife Service because of range-wide habitat alteration 
and fragmentation. Potential threats to Blue Suckers in Montana are thought to include 
habitat fragmentation by high- and low-head dams and dewatering of critical tributary 
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spawning habitats (Gardner 1998). Blue Suckers may be especially vulnerable to 
migratory barriers and loss of spawning and rearing habitats because of their migratory 
nature, high spawning habitat specificity, and perceived poor reproductive success and 
recruitment (Gardner 1998). Loss and fragmentation of Blue Sucker habitat may be 
especially prevalent in the Yellowstone River, where diversion dams potentially restrict 
movements and chronic dewatering of tributaries may eliminate scarce spawning and 
rearing habitats, but information gaps regarding basic ecology prevent assessment of the 
extent of habitat disruption. Heretofore, management and research efforts have been 
limited to routine monitoring. Blue Suckers are known to emigrate from the Missouri 
River in early summer and enter the Yellowstone River (Fuller and Braaten 2012); 
however, no studies have focused on Blue Sucker movements or habitat use within the 
Yellowstone River.  

Shovelnose sturgeon are abundant in reaches of the Yellowstone River downstream of 
Cartersville Diversion but are thought to be functionally absent upstream of this dam. 
Previous sampling efforts, angler photographs, and other anecdotal evidence suggests this 
species was historically present and abundant well upstream of Cartersville Diversion but 
has likely been extirpated by the cumulative effects of flow alteration of the Bighorn 
River and installation of barriers (low-head diversion dams) on the Yellowstone River. 
Similar anthropogenically influenced declines in Shovelnose Sturgeon distribution and 
abundance have occurred throughout their range in other large-river ecosystems; 
however, the relatively pristine reaches of the lower Yellowstone River likely support the 
highest densities of Shovelnose Sturgeon range-wide making it an ideal location to 
characterize the ecology and habitat requirements of this species and gain insights into 
how they could be restored to upstream reaches. 

Burbot (a FWP species of Greatest Conservation Need) and Channel Catfish support a 
culturally-valuable recreational fishery on the Yellowstone River, but information gaps 
regarding movements and habitat selection limit effective management of these species 
(Montana Fish, Wildlife, & Parks 1997; Jones-Wuellner and Guy 2004). Highly variable 
results of drainage-wide inter- and intra-annual sampling efforts for Burbot (Jones-
Wuellner and Guy 2004) suggest dynamic seasonal and annual migration patterns, 
although no information regarding movement patterns and habitat use in the Yellowstone 
River exists. The potential for long distance migrations and discrete spawning 
aggregations of Burbot and Channel Catfish in the Yellowstone River necessitates a 
better understanding of seasonal movements and habitat use, including the potential 
fragmentary effects of diversion dams, to guide management decisions. 

Spiny Softshells, a Montana Species of Special Concern (Montana Natural Heritage 
Program 2014), occur in the study area, yet little is known about their populations, 
distribution, movements, or habitat use in the Yellowstone River. Describing this life 
history information will benefit managers in the Yellowstone corridor and can help guide 
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conservation efforts for the species in other altered and fragmented large-river systems 
(e.g., Missouri and Mississippi rivers). 

Therefore, to address the aforementioned information gaps our objectives were to: 

1) Describe seasonal home ranges, movement patterns, and habitat selection of adult Blue 
Suckers, Shovelnose Sturgeon, Burbot, Channel Catfish, and Spiny Softshells in a 
relatively pristine large river. 

2) Determine whether any target species used Yellowstone River tributaries or tributary 
confluences. 

3) Identify potential spawning reaches of all target fish species and nesting locations of 
Spiny Softshells. 

4) Determine whether, at what time of year, and under what discharge range diversion 
dams or natural rapids blocked passage of any target species, and if telemetered species 
that passed upstream of Intake Diversion used main or side channel routes.  

 

METHODS 

Fish and turtle capture and telemetry.—Forty Blue Suckers, 37 Shovelnose Sturgeon, 
124 Burbot, 105 Channel Catfish, and 54 Spiny Softshell Turtles were collected by 
electrofishing, drifting trammel nets, or setting baited hoop nets from April 2005 to May 
2008 between Park City, Montana (river kilometer [rkm] 632.5) and the confluence with 
the Missouri River (rkm 0; Figure 2-3; Appendix Tables 1-5). This section of river was 
divided into the following seven reaches predicated on geomorphic differences and the 
presence of potential migratory barriers: (1) Park City to Huntley Diversion, (2) Huntley 
Diversion to Rancher Diversion, (3) Rancher Diversion to Cartersville Diversion, (4) 
Cartersville Diversion to Miles City, (5) Miles City to Fallon, (6) Fallon to Intake 
Diversion, (7) Intake Diversion to the confluence with the Missouri River. Within each 
reach, sampling points were randomly selected and sampled in the order of their 
selection. Gears were deployed within no more than five kilometers of each selected 
sampling point and a maximum of three fish or turtles were collected for telemeterization 
at each sampling point with the exception of channel catfish in reach 1 where all fish that 
met minimum size requirements were telemetered because of low abundances. Only adult 
fish were used as determined by established species-specific lengths at sexual maturity or 
the expression of gametes. Only adult turtles were selected for telemeter attachment as 
determined by sex-specific straight carapace length; we identified males based on tail 
length (extending beyond the carapace) and the presence of ocelli on their carapace. In 
2005, ten fish of each species and eight turtles were telemetered in reaches 3–7, with the 
exception of shovelnose sturgeon and blue suckers which only occurred in reaches 4–7. 
In 2006 and 2007 fifteen burbot, fifteen channel catfish, and ten turtles were collected 
from reaches 1 and 2. Additional transmitters were implanted into new individuals each 
year as needed to replace expelled transmitters. 
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Radio transmitters of two sizes were used to maximize battery life while avoiding 
transmitter-to-body-weight ratios in excess of 2% (Winter 1996). Blue sucker, channel 
catfish, shovelnose sturgeon and spiny softshell turtles received transmitters that were 73 
mm long and 16 mm in diameter, weighed 26 g, and had a minimum battery life of 1686 
days. Burbot received transmitters that were 46 mm long and 16 mm in diameter, 
weighed 16 g, and had a minimum battery life of 761 days. Transmitters were implanted 
in fish immediately following capture using procedures modified from Hart and 
Summerfelt (1975). Incisions were closed using size 35W stainless steel surgical staples 
and transmitter antennae trailed externally (Ross and Kleiner 1982; Pegg et al. 1997). 
Transmitters were attached to turtles externally with stainless steel surgical wire threaded 
through holes made at the base of the carapace. Transmitters were labeled with a return 
address and phone number to facilitate return if fish were harvested or found dead. 
Following surgery, fish and turtles were briefly placed (< 15 minutes) in a holding tank 
until they recovered and released near the point of capture. 

Fish and turtles in reaches 3–7 were relocated by boat at least twice per month from April 
through November and by aircraft once every three weeks from December through 
March in 2005–2008. Fish and turtles in reaches 1 and 2 were relocated by boat or 
aircraft at least once per month from May through February from 2006 to 2008. The 
entire length of all reaches was traversed during each relocation period. Following 
detection, exact location of fish and turtles was determined by triangulation  coordinates 
of the location were determined using a hand-held global positioning unit (Winter 1996), 
and the location was converted to rkm using geographic information system (GIS) 
software. Fixed, continuously-monitoring receiving stations were placed at the Missouri, 
Powder, Tongue, and Bighorn river confluences with the Yellowstone River to assess 
tributary use and emigration, and at Intake and Cartersville diversions.  

Habitat quantification.—The availability of habitat in our study area was quantified at 
three scales: from the largest to the smallest scale the classifications were degree of 
channel confinement (reach type I), geomorphic reach type (reach type II), and habitat 
unit. First, to assign reaches to reach type I, we used an existing classification of channel 
confinement for the Yellowstone River from Springdale to the confluence with the 
Missouri River (Boyd and Thatcher 2007). Channel confinement was classified as 
confined, partially confined, or unconfined. Confined reaches had channel margins 
dominated by bedrock, partially confined reaches had channel margins that intermittently 
contacted the bedrock valley wall, and unconfined reaches did not contact the bedrock 
valley wall (Appendix Table 6; Boyd and Thatcher 2004).  

Second, to assign reaches to reach type II, we used an existing reach classification that 
further separated reaches into 10 geomorphic reach categories based on channel 
planform, degree of confinement, and presence of islands (Boyd and Thatcher 2004). 
Reach types were categorized as confined meandering (CM), confined straight (CS), 
partially confined anabranching (PCA), partially confined braided (PCB), partially 
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confined meandering (PCM), partially confined meandering with islands (PCM/I ), 
partially confined straight (PCS), unconfined anabranching (UA), unconfined braided 
(UB), and unconfined straight with islands (US/I; Appendix Table 6). 

Third, habitat units were delineated using low-level 1:24,000 scale color infrared aerial 
photographs taken during baseflow conditions and physical features inventory (Natural 
Resources Conservation Service 2002), geologic maps (Montana Bureau of Mines and 
Geology 1979–2001b), and GIS software. Pool type classification occurred for baseflow 
and runoff periods and was predicated on geomorphic function (i.e. pool, crossover, 
secondary channel) and bank material (i.e., bedrock, terrace, alluvium, riprap) as 
described by Jaeger et al. (2005). Pool types were bluff (the pool contacted bedrock 
valley margin) terrace (the pool contacted geologic terrace valley margin), alluvial (the 
pool did not contact bedrock or terrace valley margin), riprap bluff (bluff pools stabilized 
with riprap), riprap alluvial (alluvial pools stabilized with riprap), crossover (“riffles” 
where the channel crossed from one outside bend to another), and secondary channel 
(channels that contained < 50% of the discharge). Total availability of each habitat type 
during base flow and runoff periods was quantified using GIS software. Availability at 
base flow was calculated as the amount of habitat provided by all habitat types except 
seasonally-inundated side channels. Availability during runoff included seasonally-
inundated side channels. 

Physical characteristics of each habitat unit type were determined using a stratified 
random sampling design. Within reaches 3-6 one of each pool type and two channel 
crossovers and secondary channels were randomly selected for physical characterization. 
Reach 7 was subdivided near Sidney, MT (rkm 49.1) because of a change in predominate 
substrate and habitats were selected as described above within each sub reach.  Each 
selected habitat unit was divided into 5 evenly spaced transects and depth, velocity, and 
substrate were measured at 20 points along each transect, except for channel crossovers 
where only 10 measurements were taken along each transect. Depth was measured with a 
Lowrance sonar depth finder or stadia rod. Bottom and average velocity were recorded 
using a boat-mounted USGS model AA current meter at each sample site. Average 
velocity was measured at 60% depth for sample sites that were less 1.2 meters deep and 
at 20% and 80% depth for sites that were greater than 1.2 meters deep. Substrate was 
characterized as sand-silt, gravel-cobble, or bedrock-boulders using a steel conduit 
(Bramblett and White 2001). Width of each transect was recorded using a hand-held 
range finder and transects were averaged to estimate average width of each habitat unit.  
Length of each habitat unit was determined using GIS software. All measurements 
occurred during baseflow conditions (August-October).   

Data Analysis 

Seasons.—Each year was divided into seasons based primarily on hydrograph (Figure 4) 
for analysis of habitat use and movement rates. Spring was defined as the period from 
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April 1 to the date at which discharge at Miles City increased to above 15,000 cfs and 
encompassed lowland runoff. Runoff was defined by the period during which discharge 
was greater than 15,000 cfs at Miles City and encompassed mountain runoff. Summer 
was defined as the period during which discharge was less than 15,000 cfs to September 
30. Winter was defined as the period from October 1 to March 30.  

Home range.—Linear home range (LHR) of each telemetered animal was calculated by 
subtracting its farthest downstream rkm location from its farthest upstream rkm location, 
both overall and by season (i.e., seasonal home range [SHR]). The number and percent of 
tagged individuals of each species whose home ranges were in FWP Region 5, 7, or both 
was calculated.   

We investigated differences in overall median LHR among species, and SHR within 
species and among seasons, with Kruskal-Wallis one-way analysis of variance tests 
(ANOVA) and pairwise Wilcoxon rank sum tests (Zar 1999). Relationships between 
LHR and monitoring period and number of locations for each species were examined 
using Spearman’s rank-order correlation. 

Because female shovelnose sturgeon were not expected to spawn annually, movements 
during spawning years were analyzed separately from non-spawning years. Spawning 
and non-spawning years were assigned by histological analysis of gonad samples and 
radioimmunoassay of plasma samples collected from recaptured telemetered sturgeon 
throughout the study. Individuals were assigned spawning years based on the minimum 
physiological duration required between spawning events (one year for males and two 
years for females) unless physiological data suggested otherwise. Linear home ranges 
between periods were compared with a Wilcoxon signed-rank test. 

Longitudinal distribution.—Longitudinal distribution was evaluated by dividing each 
species’ maximum linear home range into 15-rkm segments, summing point locations per 
segment, and dividing by total number of point locations within the maximum linear 
home range for each species to achieve frequencies per segment. This was done for each 
species by season and for their original tagging and spawning distributions. We visually 
inspected plots to assess when and where the highest frequencies of individuals were 
located by species and seasonal, origin, and spawning distributions. 

Movement.—Movement patterns were visualized by plotting relocation histories of all 
telemetered fish and turtles by species. Overall and seasonal net movement rates (km/d) 
were calculated by dividing the change in rkm between successive relocations by the 
number of days that elapsed between relocations such that a positive rate indicates 
upstream movement and a negative rate indicates downstream movement (Bramblett 
1996). Overall and seasonal total movement rates were calculated by taking the absolute 
value of daily net movement rates.  Calculated movement rates represent the minimum 
movement for the time period between relocations because additional movement may 
have occurred between relocations.  
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We compared overall movement rates among species and seasonal movement rates 
among and within species using Kruskal-Wallis one-way analysis of variance and 
pairwise Wilcoxon rank sum tests (Zar 1999). Overall and seasonal upstream and 
downstream movement rates within species were compared using Mann-Whitney-U tests. 

Habitat selection.—Seasonal selection of habitats (reach types I and II, and habitat unit) 
by telemetered animals was determined by comparing telemetry relocation frequencies to 
proportional availability of each habitat by species in each season (including spawning 
season for reach types I and II). Habitat use frequencies for individual fish were 
calculated for each season as the proportion of relocations that were made within each 
habitat type (Manly et al. 2002). Use was determined using GPS coordinates of each 
relocation, field notes, color infrared aerial photographs and physical features inventory 
(Natural Resources Conservation Service 2002), geologic maps (Montana Bureau of 
Mines and Geology 1979–2001b), and GIS software. Selection ratios with 90% (95% for 
habitat units) simultaneous Bonferroni confidence intervals were calculated to identify 
preference (selection ratio significantly > 1) or avoidance (selection ratio significantly < 
1) of habitats, compared among seasons within species for each habitat comparison, and 
tested the null hypothesis of seasonal selection in proportion to availability for different 
habitat types using program R v3.1.2 and package adehabitat (Manly et al. 2002; Rogers 
and White 2006; R Development Core, 2014). Alpha level for all habitat selection 
comparisons was 0.05. 

Use of tributaries and confluences.—We documented the occurrences of animals 
relocated in or within 1.6 rkm (i.e., in vicinity) of selected tributaries. The tributaries 
were the Powder, Tongue, and Bighorn rivers, and O’Fallon and Rosebud creeks. We 
summarized when animals were located in or in vicinity of tributaries by month and year, 
which tributaries they were in or near, and how long (duration in days) they remained in 
or near them. 

Aggregations.—We identified aggregations of three or more individuals of the same 
species within 1 rkm of each other on the same day throughout the entire monitoring 
period for all species. We classified aggregations as spawning (or nesting in the case of 
Spiny Softshells) or non-spawning.  

Putative spawning periods (Table 1) were identified for each species and each year by 
matching literature reports for spawning temperatures and unpublished water temperature 
data for the Yellowstone River at Sidney, Montana. Blue Suckers have been reported to 
spawn in spring and early summer (Bednarski and Scarnecchia 2005) at temperatures 
varying from 12ᵒ to 23ᵒ C throughout their range (Moss et al. 1983; Rupprect and Jahn 
1980; Vokoun et al. 2003; Neeley et al. 2010). Shovelnose Sturgeon optimal spawning 
periods have been described as being from 16 to 20ᵒ C (Goodman et al. 2013; 
Kappenman et al. 2013). Spawning temperature reports for Burbot were sparse and we 
were unable to locate winter Yellowstone River temperatures; however, Burbot are 
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known to spawn in winter (Scott and Crossman 1973) when river temperatures are 
usually near freezing. Brown (1971) stated that ripe individuals have been reported as 
early as December, but that spawning in Montana probably occurs during February. 
Channel Catfish are reported to spawn from 21.1ᵒ C to 30ᵒ C but 26.7ᵒ C appears to be 
optimal (Tucker and Robinson 1990). Spiny Softshells on the Missouri River nested post-
peak runoff and nesting lasted about 24 days in an a year with average runoff (Tornabene 
2014).  

Passage at diversions and rapids.—Passage or blockage (apparent failure to pass 
upstream of diversion dam or rapid) at Intake, Cartersville, Myers (also known as 
Yellowstone), Rancher, Waco, and Huntley diversions was assessed. We also assessed 
whether animals were able to pass or were blocked at two natural rapids, Wolf (rkm 
230.0) and Matthews (rkm 277.8) rapids. These rapids were selected because they had 
previously been surveyed to assess hydraulic conditions potentially faced by Shovelnose 
Sturgeon during documented passage events as a design analog for a rock ramp for 
Cartersville Diversion (Dowl HKM et al. 2010).  

We used plots of individual animal rkm locations across time with the location of 
diversion dams and rapids indicated with horizontal lines to initially identify potential 
passage or blockage events. We characterized passage as movement towards a structure 
with successful passing over the dam or rapid (i.e., relocations below and then above the 
structure). Blockage was interpreted as successive animal telemetry relocations within 1.6 
rkm downstream of the diversion dam or rapid, but without subsequent relocations 
upstream of the diversion dam or rapid.  

We also evaluated whether animals passing Intake Diversion did so by way of side-
channel or main channel route by comparing relocations obtained by manual tracking and 
fixed telemetry stations at Intake Diversion. Passage events were classified as main-
channel passage (over the diversion dam) if the animal’s transmitter was picked up 
continuously by the remote telemetry station as they moved upstream. In contrast, 
passage events were classified as side-channel passage if they were either picked up by 
the fixed station only briefly while moving upstream or were not picked up by the fixed 
station but were located below and subsequently above Intake Diversion (animals using 
the side channel were not within range of the fixed telemetry station).  

We determined the range of dates and discharges under which passage or blockage events 
occurred and calculated summary statistics for discharge (minimum, maximum, and 
mean daily discharge) for each event. Discharge data was obtained from the USGS 
Yellowstone River flow gage nearest to the diversion dam or rapid (Billings, Forsyth, 
Miles City, or Sidney, Montana). We summarized and tabulated passage and blockage 
events for each species at each structure by month. 

We used Mann-Whitney-U tests to compare discharge statistics during passage and 
blockage events for those species and structures for which there were sufficient 
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observations for statistical testing. Kruskal-Wallis ANOVAs were used to compare 
discharge statistics during passage via the main channel, via the side channel, and during 
blockage events at Intake Diversion for those species with sufficient numbers of 
observations. 

We used binomial logistic regression to investigate the ability of species to pass over 
diversion dams compared to riffles, how this varied among species, the influence of 
different discharge statistics (i.e., maximum, minimum, and mean discharge) in passage 
over these structures, and if species passage depended on different discharge levels. We 
started with a full model including all the aforementioned variables and interaction terms, 
used backwards elimination variable selection by removing uninformative parameters (α 
> 0.05), created multiple competing models, and compared models using Akaike 
information criterion (AIC). We also calculated and visualized probabilities of passage 
over diversion dams and riffles for each species as a function of Yellowstone River 
discharge. 

 

RESULTS 

Home range.—Most individuals of all species remained in the FWP region in which they 
were tagged (Table 2, Figures 5-9). Monitoring period and number of locations varied 
among species and among animals that retained transmitters or expelled transmitters 
(Tables 3 and 4). Some significant correlations existed between LHR and monitoring 
period, and LHR and number of locations for Blue Suckers, Burbot, and Channel Catfish 
(Table 5). These relationships were similar within species for those animals that retained 
transmitters and those that expelled transmitters, except for Blue Suckers and Burbot 
(Table 5). There were no significant relationships between LHR and monitoring period 
and LHR and number of relocations for Shovelnose Sturgeon or Spiny Softshells (Table 
5). To avoid bias related to transmitter expulsion, animals that expelled transmitters 
before the end of a year or season were removed from LHR or SHR analyses.  

Median linear home range varied among species (P < 0.001; Table 6; Figure 10). Blue 
Sucker LHRs were largest, and were significantly different from all other species. 
Shovelnose Sturgeon LHRs were next largest, and were significantly different from all 
other species. Burbot, Channel Catfish, and Spiny Softshell LHRs were smallest and did 
not differ significantly from one another.  Shovelnose sturgeon LHRs were significantly 
larger during spawning years than non-spawning years (P = 0.003; Table 7; Figure 11) 

Seasonal home ranges were significantly different within species, except for Channel 
Catfish (Table 8). Median seasonal home range of Blue Sucker was smallest in spring; 
runoff, summer, and winter home ranges were not significantly different. Median SHR of 
Burbot was greatest in winter, but not significantly different than runoff. Median SHR of 
Shovelnose Sturgeon was greatest in summer, but not significantly different than during 
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spring and runoff. Median SHR of Spiny Softshells was greatest in summer and 
significantly different than spring, runoff, and winter (Table 9; Figures 12–16). 

Longitudinal distribution.—Telemetered Blue Suckers occupied reaches from the 
confluence of the Missouri River to rkm 465, which is 9 rkm below the Bighorn River 
and 5 rkm below Rancher diversion (Figure 17). Longitudinal distribution during 
spawning season was dispersed, but the reach with the highest frequency of relocations 
during spawning season was rkm 105–120 (Figure 17), which includes Intake Diversion. 
The second highest frequency of spawning season relocations occurred from rkm 0–15, 
just above the confluence with the Missouri River.  

Telemetered Shovelnose Sturgeon occupied reaches from the confluence of the Missouri 
River to rkm 375, which is just below Cartersville Diversion (Figure 18). Longitudinal 
distribution during spawning season was dispersed, but a cluster of relocations occurred 
at rkm 225–240, which includes the confluence of the Powder River (rkm 236; Figure 
18). 

Telemetered Burbot occupied reaches from the confluence of the Missouri River to rkm 
645, which is above the Clarks Fork River (rkm 609; Figure 19). Longitudinal 
distribution during spawning season was dispersed, but a cluster of relocations occurred 
from rkm 90–120, which includes Intake Diversion (rkm 115). A second cluster of 
relocations occurred from rkm 600–615, which was below the Clarks Fork River (Figure 
19). 

Telemetered Channel Catfish occupied reaches from the confluence of the Missouri River 
to rkm 540, which is below Huntley Diversion (rkm 566; Figure 20). Longitudinal 
distribution during spawning season was dispersed, but two clusters of relocations 
occurred below rkm 75, which is below Intake Diversion (Figure 20). 

Telemetered Spiny Softshells occupied reaches from rkms 60–615, which is from near 
Sidney, Montana to above the Clarks Fork River (Figure 21). Longitudinal distribution 
during nesting season was dispersed, but most relocations occurred below rkm 420 
(Figure 21). 

Movement.— Overall (Table 10; Figure 22) and seasonal (Tables 11 and 12) total 
movement rates were significantly different among most species. Overall median net 
movement rates were close to zero and not significantly different among the five species 
that were monitored (Table 13; Figure 23); however, seasonal net movement rates varied 
significantly for all species except Spiny Softshells (Tables 14 and 15). 

Blue Suckers exhibited strong directional movement trends. Most individual Blue 
Suckers moved into the Yellowstone River from the Missouri River below the confluence 
in June, coincident with runoff, and moved back downstream and out of the Yellowstone 
River in October (Figure 24). Seasonal total movement rates varied significantly (Table 
11) with faster movements occurring in runoff and winter (Table 12; Figure 25). Seasonal 
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net movement rates of Blue Suckers varied significantly (Table 14), and each season was 
significantly different than all other seasons (Table 15; Figure 26). Upstream and 
downstream movements occurred during all seasons, and upstream and downstream 
movement rates were significantly different from each other in runoff and winter (Tables 
16 and 17; Figures 27 and 28). Runoff movement rates were primarily upstream whereas 
winter movement rates were primarily downstream.  

Shovelnose Sturgeon had variable movement trends, and many individuals moved 
considerable distances between summer and winter locations (Figure 29). At least 46% of 
individuals had winter locations upstream of summer locations; moreover 30% of 
individuals had winter locations in the reach immediately downstream of Cartersville 
Diversion. Twenty two percent of individuals had winter locations downstream of 
summer locations; others were relatively sedentary or had no discernible pattern.  

Seasonal total (Table 11) and net (Table 14) movement rates of Shovelnose Sturgeon 
varied significantly among seasons. Similar rates of movement occurred during spring, 
runoff and summer (Table 12; Figure 30). Upstream and downstream movements 
occurred during all seasons, although median seasonal net movement rates were slightly 
downstream during runoff and winter and upstream during spring and summer (Table 15; 
Figure 31). Upstream and downstream net movement rates were not significantly 
different from each other during any season (Table 16). No significant differences in 
overall or seasonal total and net movements rates of male, spawning female, and non-
spawning females occurred except for total movement rates in spring (Table 18).  
Spawning female sturgeon had significantly higher median total movement rates than 
non-spawning female sturgeon during spring (Table 19, Figure 32). Male Shovelnose 
Sturgeon also had higher median total movement rates than nonspawning females, 
although they were not significantly different. Total movement rates during the runoff 
period and net movement rates during the spring or runoff seasons did not differ, even 
though these included the putative spawning period (Table 19-20, Figure 32-33). 

Burbot movement trends were variable; many individuals were relatively sedentary 
whereas others exhibited modest upstream and downstream movements (Figure 34). No 
differences in total movement rate were observed among seasons (Table 11and 12; Figure 
35); however, directionality of movements varied among seasons (Table 14 and 15; 
Figure 36). Upstream and downstream movements occurred during all seasons, but 
median net movement rates during summer were slightly downstream compared to in 
spring and winter, when seasonal net movements were close to zero (Table 15; Figure 
36). Downstream movement rates were significantly greater than upstream movement 
rates during runoff and summer (Tables 16 and 17; Figures 37 and 38). 

Channel Catfish movement trends were variable; many individuals were relatively 
sedentary whereas others exhibited small upstream and downstream movements (Figure 
39). Seasonal total movement rates were similar in all seasons other than winter, when 
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movement rates were significantly lower (Tables 11 and 12; Figure 40). Seasonal net 
movement rates of Channel Catfish varied (Tables 14 and 15; Figure 41). Upstream and 
downstream movements occurred during all seasons. However, median seasonal net 
movement rates were close to zero during all seasons, and movement rates in summer 
were significantly different than in spring and winter, when seasonal net movements were 
slightly downstream (Table 15; Figure 41). Downstream movement rates were greater 
than upstream movement rates in winter (Tables 16 and 17; Figure 42). 

Most Spiny Softshells were relatively sedentary (Figure 43). Total movement rates were 
lower in the winter than during other seasons (Tables 11 and 12; Figure 44). Net 
movement rates of Spiny Softshells did not vary among seasons (Tables 14 and 15; 
Figure 45). Upstream and downstream movements occurred during all seasons, although 
median seasonal net movement rates were near zero during all seasons (Table 15; Figure 
45). Upstream and downstream net movement rates were different from each other during 
spring, when downstream movement rates were greater (Tables 16 and 17; Figure 46). 

Physical habitat.—Differences in length, width, average and maximum depth, average 
column and bottom velocity, and percentage of boulder and bedrock substrate were 
observed among habitat types ( P < 0.001, Table 21). Main-stem pools at the valley 
margin (bluff, riprap bluff) were generally longer and had lower average and bottom 
velocities than pools away from the valley margin (alluvial, riprap alluvial). Armored 
pools (riprap valley margin, riprap alluvial) generally had higher maximum and average 
depths, greater variability of depths, and a higher percentage of boulder and bedrock 
substrates than their unarmored equivalents (bluff pool, alluvial pool). Terrace pools had 
characteristics that were generally intermediate between alluvial and bluff pools (Table 
21). Channel crossovers were shorter, shallower, had higher velocities, and a lower 
percentage of boulder and bedrock substrates than other main-stem habitat types. 

Habitat selection.—Partially confined reaches composed the majority of available reach 
type I lengths (rkms) in the total range of each of the five species (Table 22). Unconfined 
reaches were second most available for Burbot, Channel Catfish, and Spiny Softshells, 
whereas confined reaches were second most available for Blue Suckers and Shovelnose 
Sturgeon. Reach type II availability was more variable among species (Table 23). 

Blue Suckers avoided reach type I unconfined reaches overall (considering all seasons 
simultaneously; Figure 47; Appendix Table 7). Blue Suckers preferred partially confined 
reaches during spawning season and avoided unconfined reaches during runoff, summer, 
and spawning seasons (Figure 48; Appendix Table 8).  

Blue Suckers avoided reach type II partially confined braided, unconfined anabranching, 
and unconfined braided reaches overall (Figure 49; Appendix Table 9). Blue Suckers did 
not prefer any reach type II habitats during any season, but they avoided partially 
confined braided, partially confined meandering, unconfined anabranching, and 
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unconfined braided reaches in most seasons, including spawning season (Figure 50; 
Appendix Table 10).  

Blue Suckers did not use all habitat units in proportion to their availability during any 
season (Figure 51). During spring, alluvial pools were preferred and diversion dam pools 
were avoided. During runoff, diversion dam pools were preferred and secondary channels 
were avoided. All habitats were used in proportion to their availability during summer 
and winter except secondary channels, which were avoided. 

Shovelnose Sturgeon avoided type I unconfined reaches overall and during all seasons 
(Figure 47 and 52; Appendix Table 7 and 11).  

Shovelnose Sturgeon avoided type II confined straight and unconfined straight with 
islands reaches overall (Figure 49; Appendix Table 9). Shovelnose Sturgeon preferred 
confined meandering reaches during winter and avoided confined straight and unconfined 
straight with islands reaches in most seasons, including spawning season (Figure 53; 
Appendix Table 12).  

Shovelnose sturgeon did not use all habitats in proportion to their availability during any 
season (P < 0.05; Figure 54).  Sturgeon preferred channel crossovers, avoided secondary 
channels, and all other habitat types were used in proportion to their availability. During 
runoff and summer, secondary channels were avoided and during winter channel 
crossovers and secondary channels were avoided.  

Burbot avoided type I confined reaches overall (Figure 47; Appendix Table 7). Burbot 
preferred partially confined reaches during spring and runoff and avoided confined 
reaches during spring, runoff, summer, and winter. (Figure 55; Appendix Table 13).  

Burbot avoided type II confined straight and unconfined straight with islands reaches 
overall (Figure 49; Appendix Table 9). During spawning season, Burbot avoided 
unconfined straight reaches with islands (Figure 56; Appendix Table 14). Burbot 
preferred unconfined braided reaches in summer, and largely avoided confined 
meandering, confined straight, partially confined braided, unconfined anabranching, and 
unconfined straight with island reaches during spring, summer, and runoff. During 
winter, Burbot avoided confined straight and unconfined straight with islands reaches.  

Burbot did not use all habitat units in proportion to their availability during any season 
(Figure 57). During spring, runoff, and summer Burbot preferred bluff and riprap alluvial 
pools, avoided alluvial pools, channel crossovers, and secondary channels. During winter, 
riprap alluvial pools were preferred. 

Channel Catfish avoided type I confined reaches overall (Figure 47; Appendix Table 7). 
Channel Catfish exhibited no preference or avoidance of any Reach Type I reaches in any 
season (Figure 58; Appendix Table 15).  
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Channel Catfish avoided type II confined straight reaches overall (Figure 49; Appendix 
Table 9). Channel Catfish did not prefer any reach type II habitats during any season, but 
they largely avoided confined straight, partially confined braided, partially confined 
meandering, and partially confined straight reaches in spring, runoff, and summer. 
During spawning season and winter, Channel Catfish avoided confined straight reaches 
(Figure 59; Appendix Table 16). Channel catfish did not use all habitat units in 
proportion to their availability during spring and runoff (Figure 60). During spring 
channel crossovers were avoided and all other habitat types were used in proportion to 
their availability. During runoff channel crossovers were preferred  

Spiny Softshells exhibited no preference or avoidance of any Type I reaches overall 
(Figure 47; Appendix Table 7). Spiny Softshells also exhibited no preference or 
avoidance of any Reach Type I reaches in any season (Figure 61; Appendix Table 17).  

Spiny Softshells avoided type II partially confined braided reaches overall (Figure 49; 
Appendix Table 9). Spiny Softshells avoided partially confined braided reaches in all 
seasons except runoff, partially confined meandering reaches in summer and winter, and 
confined meandering in the nesting season. During runoff, Spiny Softshells exhibited no 
preference or avoidance of any type II reaches (Figure 62; Appendix Table 18).  

Spiny Softshells did not use habitats in proportion to their availability during any season 
(P < 0.05; Figure 63). Secondary channels were preferred during all seasons other than 
winter. Spiny Softshells generally demonstrated higher preference of unarmored pools 
(bluff, terrace, alluvial) than their armored equivalents (riprap bluff and riprap alluvial). 
During winter bluff pools were preferred. Diversion dams were avoided during all 
seasons. 

Use of tributaries and confluences.—Telemetered animals were occasionally relocated in 
the vicinity of, or in tributaries (Table 24). A total of 15% of individual telemetered Blue 
Sucker and 13% of Shovelnose Sturgeon were relocated in the vicinity of tributaries 
(Table 24). From 7% to 8% of telemetered Burbot, Channel Catfish, and Spiny Softshells 
were relocated in the vicinity of tributaries (Table 24). Channel Catfish were relocated in 
tributaries more often (7% of individuals) than other telemetered species. The months 
with the highest number of relocations of telemetered animals in the vicinity of or in 
tributaries were May and June, respectively (Table 25). The tributaries with the highest 
number of relocations of telemetered animals in the vicinity of or in tributaries were the 
Powder, Tongue, Bighorn, and Clarks Fork rivers, and O’Fallon and Rosebud creeks, 
respectively (Table 26). 

Aggregations.—We documented spawning and non-spawning aggregations for all five 
species (Table 27; Figures 64-68; Appendix Tables 19-26). Aggregations were more 
easily and commonly identified at remote stations because they were constantly scanning 
at these locations. Blue Sucker aggregations were common at rkm 0, at the mouth of the 
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Yellowstone River, and near Intake Diversion (Figure 64; Appendix Table 22). A total of 
10 aggregations were observed during putative Blue Sucker spawning seasons; one Blue 
Sucker aggregation was observed at rkm 0.8, which is just above the confluence with the 
Missouri River, and 9 were at rkm 114.4–115.0, which is just above Intake Diversion 
(Appendix Table 22). 

Shovelnose Sturgeon aggregations were common below Cartersville Diversion (Figure 
65; Appendix Table 23). A total of nine aggregations were observed during putative 
Shovelnose Sturgeon spawning seasons, dispersed from rkm 43.9–294.5 (Appendix Table 
23). Two putative Shovelnose Sturgeon spawning aggregations were at rkm 43.9–44.0 
below Sidney, Montana, four putative spawning aggregations were at rkm 225.9–236.6 
below Wolf Rapids to above the mouth of the Powder River, and two were at rkm 293.7–
294.5 near the Tongue River confluence (Appendix Table 23). 

Burbot aggregations were common below Intake Diversion, above Cartersville Diversion, 
and near the Clarks Fork River (Figure 66; Appendix Table 24). Two aggregations were 
observed during putative Burbot spawning seasons; one aggregation was at rkm 223.4, 
which is below Wolf Rapids and above O’Fallon Creek, and one was at rkm 604, which 
is below the confluence of the Clarks Fork River (Appendix Table 24). 

Channel Catfish aggregations were less common, but five occurred at rkm 68.9–69.9, 
which is about 45 rkm below Intake Diversion (Figure 67; Appendix Table 25). Nine 
aggregations were observed during putative Channel Catfish spawning seasons and these 
aggregations were dispersed from rkm 69.4–420.1 (Appendix Table 25). 

Spiny Softshell aggregations occurred about 55 rkm above Intake Diversion, and about 
23 rkm above Cartersville Diversion (Figure 68; Appendix Table 26). Four putative 
Spiny Softshell nesting aggregations were located from rkm 44.0–104.7, which is from 
below Intake Diversion to above Cartersville Diversion (Appendix Table 26). 

 

Passage at diversions and rapids.—Most telemetered Blue Suckers and Shovelnose 
Sturgeon encountered diversion dams or rapids and most Burbot, Channel Catfish, and 
Spiny Softshells did not (Table 28). Telemetered animals were blocked at 36% of events 
at diversion dams but only 3% of events at rapids (Table 29). Most passage and blockage 
events were at Intake and Cartersville diversions and at Matthews and Wolf rapids; 
telemetered animals rarely encountered Myers, Rancher, Waco, or Huntley diversions 
(Table 30). Passage irrespective of species was lower at Cartersville (45%) than at Intake 
(73%; Table 30). Most passage events at Intake Diversion were via the main channel 
(89%; presumably over the diversion dam), rather than via the side channel (11%; Table 
31). The month with the greatest number of encounters at diversion dams and rapids was 
June, followed by May, July, and April, respectively (Table 32; Appendix Tables 27–33).  
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Blue Suckers passed upstream at 69 of 75 (92%) events at Intake Diversion (Table 33), 
passing upstream by way of the main channel (presumably over the diversion dam) on 60 
of 66 (91%) passage events and by way of the side channel on 6 of 66 (9%) events (Table 
34). Median discharge was not significantly different (P < 0.05) during periods when 
Blue Suckers passed Intake via the main channel, the side channel, or were blocked. The 
ranges of discharge when Blue Suckers passed Intake via the main channel and via the 
side channel did not differ but the maximum discharge was lower when Blue Suckers 
were blocked (Table 35). Blue Suckers passed upstream at 17 of 18 (94%) events at 
Cartersville Diversion and at 4 of 4 events at Myers Diversion (Table 33). The minimum, 
mean, and maximum discharge were higher during periods when Blue Suckers passed 
Cartersville than during the one blockage event at Cartersville Diversion (Table 36). 
Telemetered Blue Suckers did not encounter any diversion dams upstream of Myers 
Diversion (Table 33) 

Shovelnose Sturgeon passed upstream at 3 of 19 (16%) events at Intake Diversion (Table 
33), passing upstream by way of the main channel on two passage events (Table 34); we 
were unable to determine the route of passage during the other event. Maximum 
discharge was lower during the periods when Shovelnose Sturgeon passed Intake via the 
main channel than during the blockage events (Table 35). Shovelnose Sturgeon were 
blocked at 15 of 15 events at Cartersville Diversion (Table 33), when discharge ranged 
from 3,790 to 23,600 cfs (Table 36). Shovelnose Sturgeon did not encounter any of the 
diversion dams upstream of Cartersville Diversion (Table 33).  

Burbot passed upstream at 2 of 9 (22%) events at Intake Diversion (Table 33), passing 
upstream via the main channel on one occasion (Table 34); we were unable to determine 
the route of passage during the other event. Discharge was higher during the period when 
a Burbot passed Intake via the main channel than when they were blocked (Table 35). 
Burbot passed upstream at 6 of 14 (43%) events at Cartersville Diversion (Table 33). 
Median discharge was similar (P > 0.05), and range of discharge was also similar (Table 
36), during periods when Burbot passed and when they were blocked at Cartersville. We 
documented one passage event and one blockage event at Waco Diversion; maximum 
discharge was higher during the blockage event period than during the passage event 
period (Table 36).  

Channel Catfish passed upstream during three events and were blocked during one event 
at Intake Diversion (Table 33), passing upstream via the main channel on two occasions, 
and via the side channel on one occasion (Table 34). Maximum discharge was higher 
during the period when a Channel Catfish passed Intake via the side channel than when 
they passed via the main channel, and much higher than when they were blocked (Table 
35). Channel Catfish were blocked at three of four events at Cartersville Diversion (Table 
33). Maximum discharge was the same during periods when Channel Catfish passed and 
when they were blocked at Cartersville (Table 36). We documented two Channel Catfish 
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passage events and one blockage event at Myers Diversion, one passage event at Rancher 
Diversion, and one passage and one blockage event at Waco Diversion (Table 33).  

Spiny Softshell turtles passed upstream at two of two events at Intake Diversion (Table 
33). Passage occurred by way of the side channel on one passage event and we were 
unable to determine the route of passage during the other event (Table 34). Discharge 
ranged from 17,200 cfs to 25,900 cfs during this event (Table 35). Spiny Softshells 
passed upstream at one of five events at Cartersville Diversion (Table 33). Mean, 
minimum, and maximum discharge was lower during the period when the Spiny Softshell 
passed than when they were blocked at Cartersville Diversion (Table 36). Telemetered 
Spiny Softshells did not encounter any of the diversion dams upstream of Cartersville 
Diversion (Table 33).  

The probability of upstream passage for all species was higher at rapids than at diversion 
dams and increased with increasing maximum discharge except for Spiny Softshells, 
which had a lower probability of passage with increasing discharge (Figures 69 and 70). 
The relationship between increasing discharge and probability of passage was most 
pronounced for Channel Catfish. Blue Suckers had the highest and Shovelnose Sturgeon 
had the lowest probability of passage at diversion dams (Figure 69).   

DISCUSSION 
We described movements and habitat use of Blue Suckers, Burbot, Channel Catfish, 
Shovelnose Sturgeon, and Spiny Softshells on the Yellowstone River in Montana and 
North Dakota. Home ranges, movement patterns, ability to pass diversion dams, habitat 
use, use of tributaries, and putative spawning locations varied among the five species we 
studied and among individuals of each species. However, we observed two general 
movement patterns: Blue Suckers and Shovelnose Sturgeon had long home ranges and 
rapid movement rates whereas Burbot, Channel Catfish, and Spiny Softshells had smaller 
home ranges and slower movement rates.  

Our results conform to the tenets of the Flood Pulse Concept (FPC; Junk et al. 1989) and 
the Natural Flow Paradigm (Poff et al. 1997). Lateral floodplain connectivity and habitat 
heterogeneity provided by side channels are thought to provide critical habitats for lotic 
fishes (Junk et al. 1989; Schlosser 1991; Fausch et al., 2002). However, widespread 
anthropogenic alterations of most large, temperate rivers have caused extensive 
floodplain contraction (Tockner and Stanford 2002) and side-channel loss. The quasi-
natural flood pulse on the Yellowstone River provided cues for movements of Blue 
Sucker and Shovelnose Sturgeon and created and maintained diverse habitats (i.e., 
meanders, islands, pools, crossovers, and side channels).  

The Highway Analogy of the FPC posits that main-stem channels are primarily used as 
refuges in low water, and as a route for accessing feeding, spawning, and rearing habitats 
on the floodplain during high water (Junk et al. 1989). Spiny Softshells used side 
channels extensively in our study, as well as in the Missouri River above Fort Peck 
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Reservoir (Tornabene 2014).  Floodplains and topologically diverse habitats are 
important for larval Blue Suckers (Adams et al. 2006) and other components of the fish 
assemblage and food web such as pelagophils (e.g. Flathead Chub, Western Silvery 
Minnow; Perkin and Gido 2011).  Moreover, many of the other species in the 
Yellowstone River fish assemblage—particularly small fishes—extensively used side 
channel habitat, particularly during runoff (Reinhold et al., in press). However, as we 
expected this was not the case for adult Blue Sucker and Shovelnose Sturgeon, which are 
fluvial specialist fish species (Galat and Zweimuller 2001).    

Our observations of intermediate to large-scale movements support riverine ecology 
paradigms that emphasize the importance of directed movement by fish across landscape 
scales to occupy patches of critical habitat required to fulfill their life cycle (i.e., 
Dynamic Landscape Model, Schlosser 1991; and Riverscapes Concept, Fausch et al. 
2002). For example, Blue Suckers moved hundreds of kilometers between the 
Yellowstone and Missouri rivers among overwintering, spawning, and summer habitats. 
Shovelnose Sturgeon also had long-range movements that were presumably required to 
complete their life cycle. The Stream Hydraulics Concept posits that stream hydraulics 
(e.g., velocity, depth, substrate, and roughness) are the most vital environmental 
components regulating zonation patterns of benthic macroinvertebrates (Statzner and 
Hilger 1986). Accordingly, the use of different habitats in summer (gravel and cobble 
substrate in the Yellowstone River) and winter (sandy substrate in the Missouri River) by 
Blue Suckers may be related to invertebrate food availability (Rupprecht and Jahn 1980; 
Moss et al. 1983). Bluff pools may be critical habitat patches in the Yellowstone River 
landscape because these areas have more abundant large substrate such as boulders, 
slower current velocities than alluvial pools, and are focal points for overwintering Spiny 
Softshells (Tornabene 2014), spawning Sauger (Jaeger et al. 2005), and rearing habitat 
for juvenile Pallid Sturgeon (Jaeger, unpublished data).   

Blue Suckers.—Blue Suckers annually migrated into the Yellowstone River from the 
Missouri River during summer. Movements were in a directed manner at faster rates and 
over longer distances than the other species. Most Blue Suckers migrated into the 
Yellowstone River during runoff associated with the annual peak in the hydrograph in 
May or June, rapidly moved upstream to locations between Intake Diversion and the 
confluence of the Bighorn River where they were relatively sedentary during summer, 
then moved downstream and returned to the Missouri River in autumn or early winter 
(typically October). These movements do not appear to be associated with spawning; 
gonadal biopsy of 25 females captured during immigration into the Yellowstone River 
immediately prior to the putative spawning period indicated that none had mature eggs 
(Jaeger, unpublished data). Additionally, few aggregations of Blue Suckers were 
observed during the putative spawning season, except those detected at fixed receiving 
stations where the probability of detecting aggregations was higher than from boat-based 
relocation surveys. However, non-telemetered gravid and spent male and female Blue 
Sucker aggregations were observed in the Tongue River during most years of this study 
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(Backes, unpublished data), which suggests there may be a subpopulation that uses the 
Tongue River for spawning that we did not characterize during this study.  

Blue Sucker migration into the Yellowstone River was probably associated with selection 
of specific habitats because their post-migration (summer) movement rates were 
significantly lower than in other seasons. Although Blue Suckers were widely distributed 
during summer they avoided unconfined reaches in general, and laterally complex 
geomorphic reach types prone to braiding and side channel development (i.e., unconfined 
braided, partially confined braided, and unconfined anabranching) in particular. 
Similarly, secondary channels were avoided whereas main-stem habitat types were used 
in proportion to availability. Secondary channels were narrower and shallower than main-
stem habitat types. Main-stem pool types with the highest selection ratios (terrace and 
alluvial pools) had higher average and bottom velocities than other main-stem pools, 
although selection of these habitats relative to the availability was not statistically 
significant. However, periodic Yellowstone River surveys with drifting trammel nets also 
captured the highest density of blue suckers in relatively deep, swift habitats (Jaeger, 
unpublished data). All reaches and habitat types used during summer had predominately 
gravel and cobble substrates whereas areas with predominately sand or silt substrate, such 
as the Yellowstone River downstream of Sidney and the Missouri River were avoided. 
Therefore, relatively deep and swift main-stem habitats with gravel and cobble substrates 
occurring in reaches that are not prone to side channel development are likely important 
adult Blue Sucker habitat during warm seasons. 

Our observations combined with previous observations of Blue Sucker movements on the 
Missouri River above the confluence of the Yellowstone River (MRATC; Fuller and 
Braaten 2012) indicate that some individuals in the Yellowstone River, the MRATC, and 
the Milk River are part of the same population.  Blue Suckers in this population had the 
following movement patterns: (1) most Blue Suckers overwinter in the MRATC; (2) a 
discharge-dependent portion of the population enters the Milk River primarily in May, 
and emigrates as Milk River discharge recedes in May, June, or July; (3) about half of the 
Blue Suckers remain in the MRATC during summer and the other half (including some 
Blue Suckers that entered the Milk River) move over 200 rkm downstream to the 
confluence, then enter the Yellowstone River primarily in May and June and move 
upstream from 10 to over 450 rkm; (4) most Blue Suckers emigrate from the Yellowstone 
River in September and October and return to overwinter in the MRATC. Apparently few 
Blue Suckers tagged in the MRATC use the Missouri River below the confluence of the 
Yellowstone River (MRBTC) because Fuller and Braaten (2012) do not report any 
relocations for Blue Suckers from this part of their study area.  

The use of the Yellowstone River during summer by Blue Suckers is similar to that 
observed for Pallid Sturgeon in this ecosystem with some exceptions. First, most Pallid 
Sturgeon entered the Yellowstone River in April or May rather than May or June, and 



21 
 

resided in the MRBTC, rather than the MRATC upon emigration from the Yellowstone 
River in late summer or fall (Bramblett and White 2001; Fuller and Braaten 2012). 
Second, most Pallid Sturgeon remained in the lower 20 rkm of the Yellowstone River and 
did not pass Intake Diversion (Bramblett and White 2001), whereas Blue Suckers ranged 
up to 450 rkm up the Yellowstone River and individuals passed Intake, Cartersville, and 
Myers diversions. When moving upstream from the MRBTC and passing upstream of the 
Yellowstone-Missouri river confluence, Pallid Sturgeon usually entered the river with the 
higher discharge–which was usually the Yellowstone River (Bramblett and White 2001).  
However, Blue Suckers must first move downstream from the MRATC to the confluence 
before they can perceive the magnitude of Yellowstone River discharge. This suggests 
that Blue Suckers emigrate from the Missouri River because discharge is too low, and 
because Fort Peck dam blocks upstream movement. Alternatively, Blue Suckers may 
have instinctive fidelity to the Yellowstone River.   

The relative importance of laterally complex reach types to Blue Suckers in the 
Yellowstone River remains ambiguous. The avoidance of laterally complex reach types 
and secondary channel habitats during summer periods on the Yellowstone River 
suggests they may not be important to adult Blue Suckers in summer; however, these 
habitats were used as migration corridors when Blue Suckers migrated into and out of the 
Yellowstone River. Shallow, slow water associated with islands and side channels are 
important habitat for larval and juvenile Blue Suckers (Adams et al. 2006) and slow 
current areas are important adult Blue Sucker habitat in autumn (Neely et al. 2010). 
Seasonal changes in distribution and habitat use by Blue Suckers indicate that they 
require a diversity of habitats to complete their life cycle (Moss et al. 1983; Peterson et 
al. 2000; Adams 2006; Neely et al. 2010). 

Our results suggest that the Yellowstone River is probably not the predominant spawning 
habitat for Blue Suckers in the Yellowstone/Missouri River system; however, some 
spawning may occur in the Yellowstone River. Some Blue Suckers remained in the 
Yellowstone River year-round or throughout the putative spawning period and spawning-
site fidelity has been noted for the closely-related Southeastern Blue Sucker (Mettee et al. 
2004). We observed that Blue Suckers preferred reaches with some degree of geological 
confinement during their putative spawning periods concordant with reports of Blue 
Suckers spawning adhesive eggs over bedrock and cobble in 1–2-m deep riffles with 
swift current velocities (about 1.8 m/s; Rupprect and Jahn 1980; Moss et al. 1983; 
Vokoun et al. 2003; Neely et al. 2010). Geologically-confined reaches (such as Matthews 
and Wolf rapids) have abundant bedrock substrate (Jaeger et al. 2005) and probably 
provide swift currents that are suitable for Blue Sucker spawning. The long-distance 
movements that we documented in the Yellowstone River (> 450 km), the movements 
between the Missouri River and Yellowstone River (> 200 km; Fuller and Braaten 2012), 
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and the unknown river lengths needed for larval ichthyoplankton drift illustrate the 
importance of very long, unfragmented rivers for this species.  

Most Blue Suckers showed interannual fidelity to the Yellowstone River regardless of 
annual variation in peak discharge (35,300–56,500 cfs). We did not observe Blue Suckers 
using tributaries such as the Powder or Tongue rivers. The Powder River may lack 
suitable spawning habitat because its substrate is primarily sand (Hubert 1993) and the 
Tongue and Bighorn rivers are impounded and may no longer provide adequate 
hydrological cues to stimulate the entrance of Blue Suckers. In the Missouri River in 
Montana, the number of Blue Suckers that entered the Milk River was discharge-
dependent (Fuller and Braaten 2012). Therefore, some Blue Suckers may 
opportunistically spawn in tributaries when discharge is high, as has been reported 
elsewhere in the species range (Moss et al. 1983; Vokoun et al. 2003; Neely et al. 2010), 
whereas other portions of the population exhibit interannual spawning fidelity to main-
stem rivers.  

Shovelnose Sturgeon.—Shovelnose Sturgeon movements occurred primarily during the 
runoff season and were presumably spawning migrations associated with high flows and . 
Unlike Blue Suckers, most Shovelnose Sturgeon had small home ranges winter and 
remained in the Yellowstone River as was previously observed (Bramblett and White 
2001). Home ranges and movements of spawning female Shovelnose Sturgeon were 
larger than those of non-spawning fish, which is consistent with observations in the 
Missouri River (Richards et al. 2013). However, movements of male Shovelnose 
Sturgeon were generally higher than those of non-spawning females as was observed in 
the Missouri River, although this may simply be related to different resolution of data and 
delineation of seasons between studies.  Spawning aggregations were distributed over a 
wider area in the Yellowstone River (250.6 km) than in the Missouri River (75 km; 
Richards et al. 2013) despite Shovelnose Sturgeon having similar overall distributions in 
both studies. This combined with comparatively shorter distance movements of spawning 
Shovelnose Sturgeon in the Yellowstone River may indicate that suitable spawning 
habitats are more widely available or distributed than in the more hydrologically altered 
Missouri River. In the lower Missouri River, gravid female Shovelnose Sturgeon used 
areas with high variability in depth and current velocity (Bonnot et al. 2011). Diverse 
habitats such as these are likely available in many areas of the Yellowstone River, which 
is unchannelized and unimpounded. Contrary to previous studies, we did not observe 
aggregations below Intake Diversion (Bramblett and White 2001). However, all of their 
Shovelnose Sturgeon were telemetered below Intake Diversion whereas most of ours 
were telemetered above Intake Diversion.    

We speculate that most Shovelnose Sturgeon in the Yellowstone River move downstream 
for spawning because summer locations were downstream of winter locations and 
spawning occurs in summer. This general pattern was previously observed for 
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Shovelnose Sturgeon in the Yellowstone and Missouri rivers (Bramblett and White 2001) 
and in the Missouri River above Fort Peck Reservoir (Richards 2012), but differs from 
the upstream spawning migrations observed in the lower Missouri River (Wildhaber et al. 
2011). Downstream migration for spawning was also observed for Sauger in the 
Yellowstone River (Jaeger et al. 2005). Migration for spawning is an adaptive strategy 
that maximizes evolutionary fitness (Bronmark et al. 2014). Many riverine fish spawning 
migrations are in an upstream direction which prevents downstream population 
displacement, particularly for those species with drifting eggs or larvae, by allowing time 
for early life stage development (Braaten et al. 2008; Perkin and Gido 2011; Walters et 
al. 2014). However, downstream spawning migrations have been noted in other large 
river fishes, such as Colorado Pikeminnow (Tyus and McAda 1984). We posit that some 
Shovelnose Sturgeon in the Yellowstone River migrate downstream to spawn because 
suitable adult habitat exists upstream of spawning habitat, and that the suitability of 
spawning habitat is a combination of adequate spawning microhabitat conditions (i.e., 
substrate and current velocities) and a location that facilitates the 6 d post-hatch drift 
(covering an estimated distance of 94 to 250 km; Braaten et al. 2008) of larvae to nursery 
habitats.  

Shovelnose Sturgeon were found near tributaries (primarily the Powder River) fairly 
often as was observed on the Missouri River (Wildhaber 2012; Wildhaber et al. 2014). 
However, we rarely documented instances of Shovelnose Sturgeon entering tributaries. 
Shovelnose Sturgeon are known to migrate hundreds of kilometers up the Powder River 
to the vicinity of Crazy Woman Creek in Wyoming, presumably for spawning (Annear 
1992), but we did not observe many Shovelnose Sturgeon entering the Powder River. 
Similarly, long-term sampling data from tagged fish indicates that the Tongue River up to 
the T&Y Diversion is annually used for spawning, despite our low number of 
observations in this study.     

Habitat use by Shovelnose Sturgeon during this study was generally consistent with 
previous findings. Avoidance of unconfined reaches suggests that Shovelnose Sturgeon 
avoid areas without deep main channels, which is congruent with other observations in 
the Missouri River (Gerrity et al. 2008; Wildhaber et al. 2014). In our study, similar to 
previous observations in the Yellowstone River, Shovelnose Sturgeon avoided boulder 
substrates and used depths greater than 0.9-m deep (Bramblett and White 2001). 
Shovelnose Sturgeon can negotiate fast current velocities, up to 1.5 m/s in the 
Yellowstone River (Bramblett and White 2001) and up to 1.8 m/s in laboratory 
swimming trials (White and Mefford 2002). However, swimming performance was best 
over smooth substrates with laminar flow, and declined when baffles created turbulence 
and eddies (White and Mefford 2002).  

Outside of the spawning season, Shovelnose Sturgeon were often located in confined 
meandering reaches and channel crossovers. Use of these habitats may increase foraging 
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efficiency because they likely have laminar flow and gravel and cobble substrates. 
Shovelnose Sturgeon hold position in laminar flow with very little energetic expenditure 
(White and Mefford 2002) and gravel and cobble substrates with little fine substrate 
typically have higher diversity and abundance of benthic invertebrates. Thus, sturgeon 
may be able to optimally forage in these reach and habitat types. Reach and habitat types 
that were avoided were more likely to have turbulent flow and laterally heterogeneous 
bed forms that are comprised of high proportions of shallow, off-channel habitat. 
Shovelnose Sturgeon avoided the only two confined straight reaches in our study area, 
which are geologically confined and have relatively high gradients with moderate 
bedrock rapids (e.g., Matthews and Wolf rapids), perhaps to avoid turbulent flows that 
occur there. Unconfined reaches, which typically have a high degree of meandering, 
multiple flow channels and complex lateral habitats such as side channels and 
anabranches, were avoided during all seasons. Similarly, secondary channel habitat types, 
that are shallower than main-stem habitat types were avoided during all seasons.  

Although Yellowstone River rapids did not block Shovelnose Sturgeon passage, they 
were used disproportionately less than their availability. A contributing factor may be 
that these reaches are above the Powder River confluence and are consequently often less 
turbid than those below the Powder River confluence, which may contribute to their 
reduced use by the turbidity-loving Shovelnose Sturgeon. The unconfined Yellowstone 
River reach located just above the confluence with the Missouri River was also avoided 
by Shovelnose Sturgeon, and the substrate in this reach is comprised almost completely 
of sand (Bramblett and White 2001). The avoidance of a sandy reach is congruent with 
previous findings in the Yellowstone River where Shovelnose Sturgeon used gravel and 
cobble substrates more often than sand substrates (Bramblett and White 2001), but differs 
from a Missouri River study above Fort Peck Reservoir (Gerrity et al. 2008), and a 
Kansas River study, where sand and silt was used more often than gravel and cobble. 
However, gravel and cobble were more available in our study area than in the Missouri 
and Kansas rivers study areas, and Shovelnose Sturgeon use sand substrates when their 
home range is dominated by sand (Quist et al. 1999; Bramblett and White 2001; Gerrity 
et al. 2008). The avoidance of channel crossovers in winter may be due to temperature-
related decreases in metabolism that make these areas too swift for overwintering habitat. 
Avoidance of crossovers during winter in our study differs from results on the Kansas 
River, where Shovelnose Sturgeon preferred channel crossovers, and avoided outside 
bends in winter (Quist et al. 1999). However, mean current velocities at fish locations 
were slower on the Kansas River (mean = 0.34 m/s) than on the Yellowstone River (mean 
= 0.78 m/s; Bramblett and White 2001). Secondary channels were avoided in all seasons, 
further indicating that main channels are the primary habitat for Shovelnose Sturgeon as 
was also observed in the Missouri River (Gerrity et al. 2008; Wildhaber et al. 2014). 
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Burbot.—Burbot movements appeared to be related to spawning and habitat use was 
otherwise similar throughout the year. Although movements among habitats were 
observed during all seasons, the largest home ranges occurred during winter, which 
includes the putative spawning season. Only riprap alluvial pools were selected during 
the spawning period although most reach types and habitats were also used. During non-
spawning periods when movements were rare, pools with relatively high depths and 
proportions of boulder and bedrock substrate (bluff, riprap alluvial) were selected and 
shallow habitats (crossovers, secondary channels, alluvial pools) were avoided. However, 
relatively simple confined reaches, where frequent contact with the valley margin results 
in creation of deep rocky bluff pools, were avoided. Some reaches with high proportions 
of shallow habitats were selected (unconfined anabranching) or used in proportion to 
their availability while others (partially confined braided) were avoided. Overall it 
appears that Burbot preferred deep, rocky habitats that occurred in reaches with relatively 
high complexity and habitat diversity.        

Most Burbot were relatively sedentary, with linear home ranges less than 25 rkm; 
however, others had home ranges up to 281 rkm and this was similar to observations 
from previous studies (Paragamian et al. 2005). Our observation of variability in Burbot 
home range size is similar to observations of resident individuals with small home ranges 
and mobile individuals with large home ranges in a reservoir in British Columbia 
(Harrison et al. 2014).  

Winter movements, when Burbot home ranges were longest, are likely spawning-related 
movements because Burbot are nocturnal, synchronous, winter spawners (Scott and 
Crossman 1973). We only observed two aggregations during the putative spawning 
period of February (Brown 1971); one aggregation was located 6 km below the mouth of 
the Clarks Fork and the other was near Terry, Montana. Expanding our putative spawning 
season (February; Brown 1971) to include December, January, and March increases the 
number of putative spawning aggregations to 11.  Five of these were within 7 km below 
the confluence of the Clarks Fork, and the other 6 were distributed from Terry, Montana 
to below Huntley Diversion. The rarity of detected spawning aggregations was 
unexpected because Burbot are known to aggregate for spawning (Scott and Crossman 
1973). However, the spawning period for Burbot has been reported as only one to three 
weeks in duration (Boag 1989; Evenson 2000). Therefore, we may have failed to detect 
some spawning aggregations using infrequent aircraft-based telemetry runs occurring 
once every three weeks. 

Burbot movement was often downstream during runoff suggesting that they sometimes 
use runoff to facilitate downstream movements following winter spawning because they 
are thought to be poor endurance swimmers (McPhail and Paragamian 2000).  
Downstream movement rates were faster than upstream movement rates in runoff and 
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summer, and these rates were similar to those described for Burbot in the Kootenai River 
in Idaho and in British Columbia, Canada (Paragamian et al. 2005). 

Burbot were rarely relocated in the vicinity of or within tributaries. This was somewhat 
unexpected because Burbot are known to occupy tributaries in other parts of their range 
(Jude et al. 2013; Stephenson et al. 2013). However, Burbot are coldwater fish and most 
Yellowstone River tributaries that we monitored may be too warm. Moreover, Burbot 
were not captured during extensive sampling of Montana prairie streams during 1999-
2007; most of these were warmwater streams (Bramblett 2009; Mullen et al. 2011). The 
only tributary where we relocated Burbot was the Clarks Fork, which is the farthest 
upstream and coldest tributary in our study area. 

Burbot preferred reach types with some degree of geological confinement, but avoided 
fully confined reaches, similar to our observations for Shovelnose Sturgeon. Burbot 
inhabit areas with large boulder and bedrock substrates (Edsal et al. 1993; Dixon and 
Vokoun 2009; Eick 2013); and partially confined reaches where river bends contact 
bluffs (Jaeger et al. 2005) provide these substrates. Burbot avoided the reach above the 
Missouri River confluence, perhaps because the substrate in this reach is comprised 
almost entirely of sand (Bramblett and White 2001). At the habitat unit scale, Burbot 
preference for riprap alluvial pools during winter suggests that Burbot may spawn on or 
near riprap boulders. Burbot are thought to spawn on cobble or boulder habitats in the 
Great Lakes (Jude et al. 2014).   

Channel Catfish.—Use of most habitats and reaches in proportion to availability suggests 
Channel Catfish were generalists with low habitat specificity despite having diverse 
movements and home ranges among individuals. Channel Catfish are the only species we 
studied in which home ranges were generally equal in all seasons, although net 
downstream movement rates in winter were greater than upstream rates. Long-range 
movements of over 300 km by Channel Catfish have been reported from the lower 
Missouri River (Dames et al. 1989). Many Channel Catfish in our study were essentially 
sedentary whereas others had home ranges of over 200 rkm. However, relative to the 
other fish species studied it is unclear what prompted these movements since most 
habitats and reaches were used in proportion to their availability throughout the year and 
most individuals had smaller home ranges. Although Channel Catfish are known to 
exhibit expulsion rates of surgically implanted transmitters as high as 71% (Summerfelt 
and Mosier 1984) that may contribute to perceived disparities in movements among 
individuals, our expulsion rate was less than 50%. Overall it appeared that suitable 
geomorphic conditions and habitats for channel catfish existed throughout most of the 
study area. The only geomorphic reaches avoided were confined reaches. Similar to 
Burbot and Shovelnose Sturgeon, Channel Catfish may avoid these reaches because they 
are too shallow, swift, steep, turbulent, or a combination thereof. Channel Catfish 
avoided channel crossovers in spring, and preferred them during runoff. The reasons for 
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seasonal disparity in channel crossover use are not clear; however, depths are shallower 
in channel crossovers than in pools and higher turbidity during runoff may provide 
security from aerial predators.  

Channel Catfish were relocated in tributaries more often than other species, yet only 7% 
of telemetered individuals used tributaries. We expected more use of tributaries because 
Channel Catfish often use tributaries for spawning or other purposes in the Powder River 
(Gerhardt and Hubert 1990; Smith and Hubert 1989), Grand River (Vokoun and Rabeni 
2002), and Missouri River (Dames et al. 1989) basins. Channel Catfish spawning and 
habitat use is typically associated with cover in the form of large substrate, cavities, or 
large woody debris (Gerhardt and Hubert 1990; Kelsch and Wendel 2004). Perhaps 
Channel Catfish seek spawning habitat in tributaries when main-stem rivers are naturally 
(Powder River; Hubert 1993) or anthropogenically simplified (Missouri River; Dames et 
al. 1989, Grand River; Vokoun and Rabeni 2002), but less so in the Yellowstone River 
that contains diverse habitats. 

Spiny Softshell Turtles.—Spiny Softshells generally made small movements but had clear 
patterns of seasonal habitat selection. Spiny Softshells preferred secondary channels or 
bluff pools in most seasons, except winter when they preferred only bluff pools. 
However, avoidance of reach types prone to side channel development and relatively 
small home ranges suggests that the presence of bluff pools and secondary channels 
proximal to each other may be an important delineator of preferred habitat.  

Bluff pools and secondary channels combine to provide most annual needs of Spiny 
Softshells. Secondary channels may offer warmer water temperatures during spring, 
refugia from high flows during runoff, and proximity to nesting habitat (generally islands 
and shorelines with scant vegetation) during summer (Tornabene 2014). During winter, 
Spiny Softshells preferred bluff pools indicating that many turtles hibernated in these 
habitats similar to Spiny Softshells in the Missouri River that overwintered in outside 
bends with moderate depth and water velocity (Tornabene 2014). Bluff pools were 
deeper and slower than alluvial pools, and greater depth probably provided security from 
ice scour.  Moreover, moderate current velocities may have prevented displacement while 
providing adequate oxygen, which facilitates survival of overwintering turtles (Ultsch 
2006). Over half of the Spiny Softshell aggregations that we observed occurred from 
October through April, indicating that these were mostly hibernacula, and were from six 
locations ranging from above Intake Diversion to above Cartersville Diversion. One of 
these hibernacula was used on three separate winters, indicating fidelity to this 
hibernaculum. Similar observations of overwintering aggregations and interannual 
hibernaculum fidelity were observed in the Missouri River and this may indicate that 
overwintering habitats are generally sparse or of particular importance to the annual 
survival of the population (Ultsch 2006; Tornabene 2014). Moreover, because of an 
often-truncated active season in the northern range of the species, male and female Spiny 
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Softshells may aggregate at overwintering sites as a means to expedite finding mates and 
reproducing in the following year (Tornabene 2014).  

Spiny Softshell home ranges were the smallest of all species, but not significantly 
different from those of Burbot or Channel Catfish. Most Spiny Softshells were quite 
sedentary (median home range = 6.5 rkm) although one individual moved almost 300 km. 
Our observations were similar those on the Missouri River in Montana where median 
home range was small (7.0 rkm), ranged to almost 300 km, and was largest in summer 
(Tornabene 2014).  Spiny Softshell movements in summer were probably associated with 
departing from nesting habitats and movement towards hibernacula, which also was 
documented on the Missouri River in Montana (Tornabene 2014).  

Spiny Softshells were not captured or relocated below rkm 60, which is near Sidney, 
Montana. This is congruent with previous sampling of the Yellowstone River that 
identified a longitudinal distribution of softshell catch per unit effort in the Yellowstone 
and Missouri rivers. The distribution generally increased from coolwater, mid-river 
reaches downstream to warmwater reaches, but declined abruptly as substrate 
transitioned to sand on the Yellowstone River near Sidney, Montana, and on the Missouri 
River above Fort Peck Reservoir. Additionally, no turtles were captured on the Missouri 
River below Fort Peck Reservoir and this also may be related to cold hydrostatic release 
form Fort Peck Dam (Dood et al. 2009). Spiny Softshells may prefer substrates with 
some gravel or cobble because incubation temperatures in simulated nests in gravel 
substrates were warmer, acquired more degree days for incubation, and were more 
consistent than in sand substrates (Tornabene 2014). Thus, choosing gravel over sand 
substrates could be important in maximizing degree-days for incubation in the northern 
range of the species.  

Spiny Softshells were only documented in one tributary of the Yellowstone River, the 
Bighorn River, which differed from observations on the Missouri River above Fort Peck 
(Tornabene 2014). Spiny Softshells on the Missouri River were commonly found in, and 
showed interannual fidelity to, backwatered tributaries often during spring and the 
ascending limb of snowmelt runoff (Tornabene 2014). However, the Missouri River 
study area is largely canyon-bound, and tributaries are small intermittent or ephemeral 
creeks. These backwatered tributaries provided some of the only off-channel lateral 
habitats (Tornabene 2014). In contrast, secondary channels are more common on the 
Yellowstone River than on the Missouri River and may offer areas with similar habitat 
qualities.  

We documented four putative nesting aggregations of Spiny Softshells ranging from 
below Intake Diversion to above Cartersville Diversion. Spiny Softshells may not 
aggregate if preferred nesting habitat is widely available. On the Missouri River, most 
Spiny Softshells nested on sparsely-vegetated islands where nest depredation rates were 
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lower than on mainland shorelines (Tornabene 2014). Such islands are seemingly more 
common on the Yellowstone River than on the Missouri River; therefore, Spiny 
Softshells may not need to aggregate on nesting islands on the Yellowstone River (RG 
Bramblett and BJ Tornabene, personal observations). However, years with high runoff 
can also necessitate aggregation in sparse locations by limiting spatiotemporally 
distributed nesting habitats (Tornabene 2014). Confined meandering reaches, which 
consisted of three reaches near the Powder River confluence, were avoided during Spiny 
Softshell nesting season and this is probably because islands were rare in these reaches.  

Conclusions.—Blue Suckers and Shovelnose Sturgeon had long home ranges and 
extensive movements whereas Burbot, Channel Catfish, and Spiny Softshells had smaller 
home ranges. Blue Suckers used the Yellowstone River in spring through autumn and 
emigrated to the Missouri River for overwintering while all other species remained in the 
Yellowstone River throughout the year.  

All species readily passed upstream of Matthews and Wolf Rapids, but passage at 
diversion dams varied among structures and species. Individual Blue Suckers passed 
Intake, Cartersville, and Myers diversions and were rarely blocked at these structures. 
Conversely, Shovelnose Sturgeon rarely passed upstream at Intake Diversion and never 
passed upstream at Cartersville Diversion. Burbot, Channel Catfish, and Spiny Softshells 
encountered diversion dams less often because of their smaller home ranges, but were 
able to pass Intake and Cartersville diversions on some occasions, and were blocked on 
other occasions. We collected little information on passage at diversion dams upstream of 
Carterville Diversion because there were few observations of telemetered animals 
encountering these structures. Most passage events at Intake Diversion were via the main 
channel, rather than via the side channel. However, non-telemetered animals may have 
used the side channel for passage and these side channels may provide nursery and 
backwater refugia for several species. Passage irrespective of species was lower at 
Cartersville Diversion than at Intake Diversion. There was little evidence that discharge 
was the primary factor that influenced passage success at diversion dams. Passage at 
diversion dams is probably also influenced by animal morphology and motivation, 
diversion configuration, hydraulic conditions, or a combination thereof. Facilitating 
passage at diversions would probably benefit Shovelnose Sturgeon populations by 
making habitat available upstream of Cartersville Diversion. However, the effect of 
altered riverine processes, resulting from damming of the Bighorn River on the suitability 
of reaches upstream of Cartersville Diversion is not known. Further study is needed to 
determine the degree to which diversion dams upstream of Cartersville Diversion block 
fish movements.  Moreover, information on the effect of all diversion dams on the entire 
fish assemblage which includes over 50 species is sparse.   

Large tributaries were not frequently used by our study species. However, the Tongue 
and Bighorn rivers are impounded and hydrological cues may be lacking. Moreover, fish 
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may remain in the Yellowstone River because natural riverine processes and habitat are 
more intact in the Yellowstone River than in dammed tributaries (Tongue and Bighorn 
rivers). The limited use of Yellowstone River tributaries we observed contrasts with a 
study using otolith microchemistry data for three cyprinid species on the lower 
Yellowstone that indicated about two thirds of individuals used tributaries at some point 
in their life history (Duncan et al. 2012). Perhaps cyprinids naturally use tributaries more 
than the larger fish and the turtle species that we studied, or the small tributaries that were 
included in the Duncan et al. (2012) study were more ecologically intact than the large 
tributaries we studied, or a combination thereof. 

Habitat selection varied widely among species; Blue Suckers and Shovelnose Sturgeon 
largely avoided unconfined reach types and used main channel habitats and Burbot and 
Channel Catfish largely avoided confined reaches and also used main channel habitats. 
Spiny Softshells preferred secondary channels in all seasons but winter, when they 
preferred bluff pools. Aggregations during spawning and nesting seasons were observed, 
but they were rare and widely dispersed, suggesting that suitable spawning and nesting 
habitats occur at multiple locations along the river. 

Habitats used by our study species were spatially, temporally, and geomorphically 
diverse. For example, main channels and side channels, reaches with varying degrees of 
geological confinement, and reaches with and without islands were all selected by one or 
more of our study species during one or more seasons. The spatial dispersion and overall 
paucity of aggregations during spawning and nesting seasons suggests that suitable 
spawning and nesting habitats occur at multiple locations along the river. This diversity 
of habitat use and habitat availability is probably attributable to the lack of main-stem 
impoundments and channelization and the relatively natural flow regime that makes the 
Yellowstone River unique among large rivers in the Rocky Mountains and Great Plains. 
Preservation of riverine processes that maintain habitat diversity will enhance the 
probability that the Yellowstone River retains an intact aquatic assemblage. Our study 
has inference with regard to management and restoration of similar large temperate 
riverine ecosystems such as the Missouri River. The long range movements we observed 
add to the consensus that longitudinal fragmentation of rivers is a threat because fluvial 
specialist fishes use reaches on the scale of hundreds of kilometers (Bramblett and White 
2001; Braaten et al. 2008; Perkin and Gido 2011). Moreover, fluvial generalists and 
mostly sedentary species also make large exploratory or temporally irregular movements 
in search of shelter, food, mates, and to colonize new areas. The use of diverse habitats at 
multiple scales by the species we studied reinforces the ecological theory stressing the 
importance of preservation and restoration of riverscapes (Schlosser 1991; Fausch et al. 
2002) and natural flow regimes (Hesse 1987; Poff et al. 1997; Poff et al. 2010) in the 
conservation of riverine biodiversity. 
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Table 1. Beginning, end, and number of days for potential spawning periods for 
Blue Suckers (BLSU), Burbot (BURB), Channel catfish (CHCA), Shovelnose 
sturgeon (SHST), and Spiny Softshells (SPSO) in the Yellowstone River from 
2005–2009. 

 
   2008     2009   
  Days Begin End Days Begin End 
BLSU 35 5-May 24-Jul 64 5-May 26-Jul 
BURB 28 1-Feb 28-Feb 28 1-Feb 28-Feb 
CHCA 55 2-Jul 26-Aug 68 2-Jul 8-Sep 
SHST 35 16-May 20-Jun 64 20-May 23-Jul 
SPSO 23 15-Jul 7-Aug 23 12-Jul 4-Aug 

 
Table 2. Number of total individuals per species (N) and number (n) and percent (%) of 
individuals of each species monitored in the Yellowstone River from 2005–2009 
originally tagged in (tagging location) and whose home ranges were in region 5, 7, or 
both regions.  

    Tagging location 
 

Home range 

  
R5 R7 

 
R5 R7 Both 

Species N n (%) n (%) 
 

n (%) n (%) n (%) 
BLSU 40 0   (0) 40 (100) 

 
0   (0) 40 (100) 0 (0) 

BURB 124 31 (25) 93   (75) 
 

31 (25) 93   (75) 0 (0) 
CHCA 105 0   (0) 105 (100) 

 
0   (0) 104   (99) 1 (1) 

SHST 37 0   (0) 37 (100) 
 

0   (0) 37 (100) 0 (0) 
SPSO 54 16 (30) 38   (70) 

 
16 (30) 38   (70) 0 (0) 

 
 

 

 

 

    2005     2006     2007   
  Days Begin End Days Begin End Days Begin End 
BLSU 30 17-May 19-Jun 43 27-Apr 29-Jun 41 17-Apr 23-Jun 
BURB 28 1-Feb 28-Feb 28 1-Feb 28-Feb 28 1-Feb 28-Feb 
CHCA 41 2-Jul 12-Aug 77 15-Jun 31-Aug 76 21-Jun 5-Sep 
SHST 30 18-May 17-Jun 43 14-May 26-Jun 41 11-May 21-Jun 
SPSO 23 27-Jun 20-Jul 23 14-Jun 7-Jul 23 11-Jun 4-Jul 
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Table 3. Summary statistics (SD = standard deviation) for monitoring period (d) for Blue 
Suckers, Burbot, Channel catfish, Shovelnose sturgeon, and Spiny Softshells separated by 
active (A) and known expelled (E) transmittered animals monitored in the Yellowstone 
River from 2005–2009.  

  N Minimum Mean SE Maximum 
  A E A E A E A E A E 
BLSU 37 3 15 75 897 182 63 92 1178 365 
BRBT 110 14 0 49 214 118 13 11 878 197 
CHCA 82 23 7 33 309 213 33 34 1142 674 
SHST 35 2 47 103 1079 235 38 132 1178 367 
SPSO 54   2   685   45   1167   

 

Table 4. Summary statistics (SD = standard deviation) for number of locations for Blue 
Suckers Burbot, Channel catfish, Shovelnose sturgeon, and Spiny Softshells separated by 
active (A) and known expelled (E) transmittered animals monitored in the Yellowstone 
River from 2005–2009.  

 
N Minimum Mean SE Maximum 

 
A E A E A E A E A E 

BLSU 37 3 2 2 31 4 3 1 54 6 
BRBT 110 14 1 5 11 11 1 1 37 23 
CHCA 82 23 2 2 12 9 1 2 55 27 
SHST 35 2 2 3 46 13 2 9 59 22 
SPSO 54   2   25   2   47   
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Table 5. Relationship between linear home range (km) and monitoring period (d) or 
number of locations for each species monitored in the Yellowstone River from 2005–
2009 using Spearman’s Rank-Order Correlation (S = test statistic, P = p-value, and rho = 
Spearman’s rank correlation coefficient).  

   Monitoring period   Number of locations 
  N S P rho   S P rho 
BLSU  

       Overall 40 3933.32 > 0.01 0.63 
 

3315.74 > 0.01 0.69 
Expelled 3 0.00 0.33 1.00 

 
2.00 1.00 0.50 

Active 37 3806.06 > 0.01 0.55 
 

3191.41 > 0.01 0.62 

 
 

       BURB  
       Overall 124 210784.70 > 0.01 0.34 

 
191263.60 > 0.01 0.40 

Expelled 14 205.73 0.04 0.55 
 

258.92 0.12 0.43 
Active 110 145720.90 > 0.01 0.34 

 
134667.00 > 0.01 0.39 

 
 

       CHCA  
       Overall 105 138291.70 > 0.01 0.28 

 
170032.30 0.22 0.12 

Expelled 23 986.0.00 > 0.01 0.51 
 

1601.70 0.34 0.21 
Active 82 68614.09 0.02 0.25 

 
83042.60 0.39 0.10 

 
 

       SHST  
       Overall 37 9206.30 0.60 -0.09 

 
7569.30 0.54 0.10 

Expelled 2 0.00 1.00 1.00 
 

0.00 1.00 1.00 
Active 35 8345.60 0.30 -0.16 

 
6761.10 0.76 0.05 

 
 

       SPSO  
       Overall 54 20691.80 0.10 0.21 

 
23499.10 0.45 0.10 

Expelled 0 NA NA NA 
 

NA NA NA 
Active 54 20691.80 0.10 0.21 

 
23499.10 0.45 0.10 

  

 
 
 
 
 
 
 
 
 
 



43 
 

Table 6. Summary statistics for linear home range (km) of all species monitored in the 
Yellowstone River from 2005–2009. Significance (Sig) indicates significant differences 
(χ2 = 114.09, df =4, and P < 0.0001) in median linear home range among species; species 
with the same letter are not significantly different.  
 

Species N Minimum Mean SE Median Maximum Sig 
BLSU 37 9.81 232.47 20.78 235.72 464.04 A 
BRBT 110 0.00 33.99 6.77 8.96 281.30 B 
CHCA 82 0.03 38.09 6.39 7.02 217.81 B 
SHST 35 3.30 133.12 15.82 129.66 377.50 C 
SPSO 54 0.56 17.56 5.83 6.28 298.92 B 

 

Table 7. Summary statistics for linear home range (km) of Shovelnose Sturgeon during 
spawning and nonspawning periods, monitored in the Yellowstone River from 2006–
2007. Standard error is ‘SE’. Linear home ranges between periods were compared with a 
Wilcoxon signed-rank test.   

  N Min Mean SE Median Max 
Spawning 19 10.1 125.6 16.1 129.3 264.7 
Nonspawning 19 4.23 67.9 9.4 64.5 139.7 

 
 
Table 8. Results of Kruskal-Wallis one-way analysis of variance tests comparing seasonal 
home ranges (km) of Blue Suckers, Burbot, Channel catfish, Shovelnose sturgeon, and 
Spiny Softshells monitored in the Yellowstone River from 2005–2009. 
 

  χ2 df P 
BLSU 11.56 3 0.009 
BRBT 21.92 3 < 0.001 
CHCA 0.49 3 0.92 
SHST 13.15 3 0.004 
SPSO 48.92 3 < 0.001 
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Table 9. Summary statistics for seasonal home ranges of Blue Suckers, Burbot, Channel 
catfish, Shovelnose sturgeon, and Spiny Softshells monitored in the Yellowstone River 
from 2005–2009. Significance (Sig.) indicates statistically significant differences in 
median seasonal home range among seasons for each species; seasons under each species 
sharing the same letter are not significantly different.  
 

    N Min Mean SE Median Max Sig 
BLSU Spring 11 0.0 63.6 22.3 8.0 190.4 A 

 
Runoff 35 0.0 171.1 20.3 174.9 377.9 B 

 
Summer 38 9.8 143.1 16.3 129.3 380.0 B 

 
Winter 29 0.0 200.5 24.4 235.7 362.3 B 

         BRBT Spring 113 0.0 2.5 0.7 0.2 57.9 A 

 
Runoff 115 0.0 5.5 1.9 0.6 178.3 A 

 
Summer 78 0.0 10.4 4.2 0.1 280.8 A 

 
Winter 87 0.0 17.4 3.0 3.8 137.7 B 

         CHCA Spring 64 0.0 12.6 4.5 0.5 154.7 A 

 
Runoff 93 0.0 17.9 4.6 0.3 217.8 A 

 
Summer 94 0.0 7.9 2.3 0.4 162.9 A 

 
Winter 57 0.0 8.3 4.1 0.4 179.4 A 

         SHST Spring 35 0.1 72.2 14.5 40.4 370.0 A,B 

 
Runoff 36 0.0 100.5 15.8 69.0 372.1 A 

 
Summer 37 0.1 86.4 14.3 71.7 377.5 A 

 
Winter 35 0.3 46.1 11.5 23.1 260.4 B 

         SPSO Spring 48 0.0 3.0 0.9 1.1 32.6 A 

 
Runoff 48 0.0 4.8 1.4 2.0 60.1 A 

 
Summer 53 0.6 15.6 5.9 4.2 298.9 B 

  Winter 51 0.0 1.9 0.7 0.7 32.8 A 
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Table 10. Summary statistics for total movement rates (km/d) of each species monitored 
in the Yellowstone River from 2005–2009. Standard error is ‘SE’. Significance (Sig) 
indicates significant differences in median net movement rate among species using a 
Kruskal-Wallis one-way analysis of variance (χ2 = 706.16, df = 4, P < 0.0001) and 
pairwise Wilcoxon rank sum tests; species sharing the same letter are not significantly 
different.  
 

Species N Minimum Mean SE Median Maximum Sig 
BLSU 310 0.00 4.31 0.40 1.43 39.79 A 
BRBT 412 0.00 0.23 0.04 0.02 9.80 B 
CHCA 503 0.00 0.20 0.03 0.02 5.55 B 
SHST 430 0.00 0.45 0.04 0.14 12.72 C 
SPSO 426 0.00 0.06 0.02 0.01 6.56 D 

 
Table 11. Results of Kruskal-Wallis one-way analysis of variance tests comparing 
seasonal total movement rates for each species monitored in the Yellowstone River from 
2005–2009 (χ2 = chi-squared, df = degrees of freedom, and P = p-value).  
 

Species χ2 df P 
BLSU 55.89 3 < 0.0001 
BRBT 2.81 3 0.42 
CHCA 41.59 3 < 0.0001 
SHST 1116.89 3 < 0.0001 
SPSO 104.88 3 < 0.0001 
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Table 12. Summary statistics for total movement rates (km/d) by season of each species 
monitored in the Yellowstone River from 2005–2009. Standard error is ‘SE’. 
Significance (Sig) indicates significant differences in median net movement rate among 
seasons for each species using a Kruskal-Wallis one-way analysis of variance and 
pairwise Wilcoxon rank sum tests; seasons under each species sharing the same letter are 
not significantly different.  
 

Species Season N Minimum Mean SE Median Maximum Sig 
BLSU Spring 36 0.00 2.28 1.07 0.49 37.92 A 

 
Run off 83 0.00 4.95 0.63 3.89 37.92 B 

 
Summer 117 0.00 1.60 0.31 0.82 27.56 A 

 
Winter 74 0.00 8.86 1.14 4.84 39.79 B 

         BRBT Spring 123 0.00 0.13 0.03 0.02 1.79 A 

 
Run off 121 0.00 0.31 0.12 0.02 9.80 A 

 
Summer 80 0.00 0.36 0.11 0.02 6.31 A 

 
Winter 88 0.00 0.13 0.03 0.03 1.47 A 

         CHCA Spring 122 0.00 0.24 0.06 0.04 4.07 A 

 
Run off 158 0.00 0.37 0.07 0.03 3.93 A 

 
Summer 118 0.00 0.16 0.04 0.02 5.55 A 

 
Winter 105 0.00 0.03 0.01 0.00 0.52 B 

         SHST Spring 101 0.00 0.50 0.07 0.24 4.28 A 

 
Run off 100 0.00 0.60 0.08 0.32 4.49 A 

 
Summer 128 0.00 0.62 0.11 0.29 12.72 A 

 
Winter 101 0.00 0.05 0.01 0.02 0.40 B 

         SPSO Spring 98 0.00 0.07 0.01 0.02 0.66 A 

 
Run off 92 0.00 0.05 0.01 0.02 0.66 A 

 
Summer 130 0.00 0.11 0.05 0.03 6.56 A 

  Winter 106 0.00 0.01 0.00 0.00 0.18 B 
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Table 13. Summary statistics for overall net movement rates (km/d) of each species 
monitored in the Yellowstone River from 2005–2009. Significance (Sig) indicates 
significant differences in median net movement rate among species using a Kruskal-
Wallis one-way analysis of variance (χ2 = 9.43, df = 4, P = 0.05) and pairwise Wilcoxon 
rank sum tests; species with the same letter are not significantly different.  

Species N Minimum Mean SE Median Maximum Sig 
BLSU 310 -39.795 -0.839 0.463 0.007 37.920 A 
BURB 412 -9.801 -0.134 0.042 -0.002 1.470 A 
CHCA 503 -3.926 0.002 0.027 0.000 5.551 A 
SHST 430 -12.725 -0.047 0.049 0.003 4.280 A 
SPSO 426 -0.657 0.012 0.016 0.000 6.557 A 

 

Table 14. Results of Kruskal-Wallis one-way analysis of variance tests comparing 
seasonal net movement rates for each species monitored in the Yellowstone River from 
2005–2009 (χ2 = chi-squared, df = degrees of freedom, and P = p-value).  

Species χ2 df P 
BLSU 172.63 3 < 0.01 
BURB 26.58 3 < 0.01 
CHCA 16.14 3 < 0.01 
SHST 10.51 3 0.01 
SPSO 0.56 3 0.91 
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Table 15. Summary statistics for net movement rates (km/d) by season of each species 
monitored in the Yellowstone River from 2005–2009. Significance (Sig) indicates 
significant differences in median net movement rate among seasons for each species 
using a Kruskal-Wallis one-way analysis of variance and pairwise Wilcoxon rank sum 
tests; seasons with the same letter are not significantly different.  

Species Season N Minimum Mean SE Median Maximum Sig 
BLSU Spring 36 -1.307 2.034 1.082 0.429 37.920 A 

 
Runoff 83 -1.307 4.899 0.631 3.889 37.920 B 

 
Summer 117 -27.560 -0.762 0.333 -0.191 4.371 C 

 
Winter 74 -39.795 -8.794 1.151 -4.840 0.873 D 

         BURB Spring 123 -1.790 0.003 0.029 0.000 1.390 A 

 
Runoff 121 -9.801 -0.263 0.117 -0.004 0.513 A, B 

 
Summer 80 -6.313 -0.333 0.107 -0.017 0.784 B 

 
Winter 88 -0.751 0.031 0.032 0.001 1.470 A 

         CHCA Spring 122 -3.386 -0.059 0.060 -0.001 4.073 A 

 
Runoff 158 -3.926 -0.014 0.062 0.000 3.649 A, B 

 
Summer 118 -0.515 0.101 0.052 0.001 5.551 B 

 
Winter 105 -0.484 -0.015 0.008 -0.001 0.518 A 

         SHST Spring 101 -3.349 -0.058 0.088 0.003 4.280 A, B 

 
Runoff 100 -4.493 -0.061 0.101 -0.041 4.187 A, B 

 
Summer 128 -12.725 -0.070 0.126 0.041 1.931 A 

 
Winter 101 -0.178 0.006 0.008 -0.002 0.396 B 

         SPSO Spring 98 -0.657 -0.016 0.013 0.000 0.323 A 

 
Runoff 92 -0.657 -0.006 0.012 -0.001 0.381 A 

 
Summer 130 -0.325 0.056 0.051 0.000 6.557 A 

  Winter 106 -0.089 0.000 0.002 0.000 0.179 A 
 

Table 16. Results of Mann-Whitney-U tests comparing upstream and downstream net 
movement rate overall and by season for each species monitored in the Yellowstone 
River from 2005–2009 (W = test statistic and P = p-value).  

  Overall Spring Runoff Summer Winter 
Species W P W P W P W P W P 
BLSU 12043 0.96 127 0.59 509 < 0.01 1484 0.37 51 < 0.01 
BURB 17525 < 0.01 1946 0.78 1236 < 0.01 330 0.003 921 0.75 
CHCA 32109 0.77 1773 0.53 1990 0.31 3171 0.86 890 < 0.01 
SHST 23687 0.7 1314 0.79 1203 0.92 1572 0.14 1496.5 0.17 
SPSO 21570 0.37 929 0.05 1081 0.86 2245 0.54 1444 0.94 
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Table 17. Summary statistics for upstream and downstream net movement rates (km/d) 
by season for each species monitored in the Yellowstone River from 2005–2009. Only 
summary statistics of parameters from MWU tests that exhibited significant differences 
(Table 13; SE = standard error).  

    Spring Runoff 
Species Direction N Mean Median SE N Mean Median SE 
BLSU Up 

    
76 5.378 4.087 0.663 

 
Down 

    
7 -0.300 -0.044 0.180 

BURB Up 
    

49 0.056 0.008 0.015 

 
Down 

    
72 -0.480 -0.030 0.193 

CHCA Up 
        

 
Down 

        
SPSO Up 50 0.050 0.015 0.011     
  Down 48 -0.084 -0.031 0.019     
 

    Summer Winter 
Species Direction N Mean Median SE N Mean Median SE 
BLSU Up 

    
8 0.292 0.271 0.103 

 
Down 

    
66 -9.895 -7.523 1.223 

BURB Up 20 0.052 0.007 0.039 
    

 
Down 60 -0.462 -0.047 0.139 

    CHCA Up 
    

39 0.023 0.002 0.014 

 
Down 

    
67 -0.036 -0.011 0.009 

SHST Up 
        

 
Down 

        SPSO Up 
          Down                 

 

Table 18. Results of Kruskal–Wallis one-way analysis of variance tests comparing total 
and net movement rates of spawning male, spawning female, and nonspawning female 
Shovelnose Sturgeon overall (“Pooled”) and in runoff, spring, and summer seasons 
monitored in the Yellowstone River from 2006–2007. Bold font indicates a difference 
among median total movement rates for that comparison.  
 

Movement rate Season  χ2 df P 
Total Pooled 3.16 2 0.20 
 Spring 6.64 2 0.04 
 Runoff 4.37 2 0.11 
 Summer 1.97 2 0.37 
Net Pooled 0.41 2 0.82 
 Spring 0.41 2 0.81 
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 Runoff 1.20 2 0.55 
 Summer 0.22 2 0.89 

 
 
Table 19. Summary statistics for total movement rates (km/d) of spawning male, 
spawning female, and nonspawning female Shovelnose Sturgeon monitored in the 
Yellowstone River from 2006–2007 by season. Standard error is ‘SE’, Minimum is 
‘Min’, and Maximum is ‘Max’. ‘Sig.’ indicates significant differences among groups; 
groups sharing the same letter are not significantly different from one another.  
 

Season Class N Min Mean SE Median Max Sig.  
Spring Spawning Males 18 0.00 0.57 0.24 0.21 4.28 A,B 

 
Spawning Females 15 0.02 0.50 0.07 0.52 0.85 A 

 
Nonspawning Females 13 0.01 0.23 0.09 0.06 1.13 B 

         Runoff Spawning Males 17 0.01 0.34 0.11 0.14 1.62 A 

 
Spawning Females 15 0.04 0.44 0.09 0.39 1.28 A 

 
Nonspawning Females 13 0.02 0.48 0.09 0.42 1.01 A 

         Summer Spawning Males 18 0.01 0.41 0.09 0.32 1.31 A 

 
Spawning Females 15 0.00 0.42 0.10 0.34 1.17 A 

  Nonspawning Females 13 0.02 0.63 0.14 0.48 1.53 A 
 
 
Table 20. Summary statistics for net movement rates (km/d) of spawning male, spawning 
female, and nonspawning female Shovelnose Sturgeon monitored in the Yellowstone 
River from 2006–2007 by season. Standard error is ‘SE’, Minimum is ‘Min’, and 
Maximum is ‘Max’. ‘Sig.’ indicates significant differences among groups; groups sharing 
the same letter are not significantly different from one another.  
 

Season Class N Min Mean SE Median Max Sig.  
Spring Spawning Males 18 -1.74 0.19 0.27 0.06 4.28 A 

 
Spawning Females 15 -0.85 0.01 0.15 -0.02 0.78 A 

 
Nonspawning Females 13 -1.13 -0.04 0.11 -0.01 0.60 A 

         Runoff Spawning Males 17 -1.28 -0.08 0.14 -0.04 1.62 A 

 
Spawning Females 15 -0.97 -0.09 0.15 -0.20 1.28 A 

 
Nonspawning Females 13 -1.01 -0.25 0.15 -0.32 0.67 A 

         Summer Spawning Males 18 -0.35 0.29 0.11 0.16 1.31 A 

 
Spawning Females 15 -1.17 0.23 0.13 0.29 1.05 A 

  Nonspawning Females 13 -1.53 0.26 0.22 0.33 1.40 A 
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Table 21. Characteristics of habitat types in the Yellowstone River from 2005–2009. 
Bluff, alluvial, terrace are pool types. Pool types with rip-rap are abbreviated as RR. 
Standard errors are displayed in parentheses. 

Habitat 
Mean 
length 
(km) 

Mean 
width (m) 

Mean 
depth 
(m) 

Mean 
max. 
depth 
(m) 

Mean 
velocity 
(m/s) 

Mean 
bottom 
velocity 
(m/s) 

Mean 
% 

≥Bldr. 

Bluff 1.3 147 
(1.71) 

1.48 
(0.04) 

3.36 
(0.31) 

0.69 
(0.02) 

0.53 
(0.01) 

19.4 
(6.43) 

Terrace 0.9 138 
(2.98) 

1.52 
(0.03) 

3.11 
(0.35) 

0.92 
(0.02) 

0.72 
(0.02) 

16.6 
(2.60) 

Alluvial 0.7 115 
(1.09) 

1.27 
0.23) 

2.35 
(0.22) 

0.92 
(0.02) 

0.73 
(0.01) 

3.2 
(3.17) 

RR bluff 1.3 156 
(0.56) 

1.83 
(0.46) 

4.25 
(0.48) 

0.68 
(0.01) 

0.52 
(0.01) 

27.3 
(7.68) 

RR 
alluvial 0.9 156 

(1.00) 
1.67 

(0.41) 
3.68 

(0.56) 
0.81 

(0.02) 
0.65 

(0.02) 
18.8 
(9.82) 

Crossover 0.4 145 
(1.64) 

0.96 
(0.02) 

1.96 
(0.20) 

1.16 
(0.02) 

0.95 
(0.02) 

1.0 
(0.67) 

Secondary 
Channel 0.8 82 

(0.84) 
0.64 

(0.01) 
1.51 

(0.13) 
0.78 

(0.01) 
0.61 

(0.01) 
3.5 

(2.30) 
 
 

Table 22. Summary of reach type I lengths (km) and percent of total range (%) for 
telemetered species monitored in the Yellowstone River from 2005–2009. For type: C 
=confined, P = partially confined, and U = unconfined. 

  BLSU BURB CHCA SHST SPSO 
  km % km % km % km % km % 
C 81.9 17.1 81.9 12.7 81.9 14.1 81.9 21.7 81.9 14.5 
P 325.7 67.8 403.0 62.5 390.5 67.2 284.3 75.2 344.4 61.1 
U 72.5 15.1 159.6 24.8 108.3 18.6 12.0 3.2 137.1 24.3 
Total 480.1 100.0 644.5 100.0 580.7 100.0 378.2 100.0 563.4 100.0 
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Table 23. Summary of reach type lengths (km) and percent of total range (%) for 
telemetered species monitored in the Yellowstone River from 2005–2009. For type: CM 
= confined meandering, CM = confined straight, PCA = partially confined anabranching, 
PCB = partially confined braided, PCM = partially confined meandering, PCM/I = 
partially confined meandering with islands, PCS = partially confined straight, UA = 
unconfined anabranching, UB = unconfined braided, US/I = unconfined straight with 
islands. 

 
BLSU BURB CHCA SHST SPSO 

Type km % km % km % km % km % 
CM 51.8 10.8 51.8 8.0 51.8 8.9 51.8 13.7 51.8 9.2 
CS 30.1 6.3 30.1 4.7 30.1 5.2 30.1 8.0 30.1 5.3 
PCA 97.4 20.3 137.2 21.3 124.7 21.5 97.4 25.8 124.7 22.1 
PCB 14.8 3.1 34.7 5.4 34.7 6.0 

  
34.7 6.2 

PCM 11.0 2.3 22.5 3.5 22.5 3.9 
  

22.5 4.0 
PCM/I 155.3 32.3 155.3 24.1 155.3 26.7 155.3 41.1 109.2 19.4 
PCS 47.2 9.8 53.3 8.3 53.3 9.2 31.6 8.4 53.3 9.5 
UA 60.5 12.6 101.6 15.8 87.3 15.0 

  
91.1 16.2 

UB 12.0 2.5 46.0 7.1 21.0 3.6 
  

46.0 8.2 
US/I 

  
12.0 1.9 

  
12.0 3.2 

  TOTAL 480.1 100.0 644.5 100.0 580.7 100.0 378.2 100.0 563.4 100.0 
 

Table 24. Number of telemetered individuals (N), number of individuals in the vicinity of 
tributaries V (N), percent of individuals in the vicinity of tributaries V (%), number of 
individuals known to be in tributaries T (N), percent of individuals known to be in 
tributaries T (%), and number of individuals both in the vicinity of, and in tributaries N 
both in the Yellowstone River from 2005–2009. 

 N V (N) V (%) T (N) T (%) N both 
BLSU 40 6 15 0 0 0 
BURB 124 10 8 2 2 1 
CHCA 105 8 8 7 7 0 
SHST 37 18 49 3 8 1 
SPSO 54 4 7 1 2 1 
Totals 460 46 - 13 - 3 
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Table 25. Number of instances for telemetered species located in the vicinity of (V) and in tributaries (T) by month in the Yellowstone 
River from 2005–2009.  

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
  V T V T V T V T V T V T V T V T V T V T V T V T 
BLSU 

      
1 

   
1 

 
4 

           BURB 2 2 1 
   

1 
 

1 
 

2 
       

1 
 

1 
 

1 
 CHCA 

    
1 

   
3 5 3 1 1 1 

          SHST 
  

1 
 

2 
 

6 
 

17 3 5 
 

1 
 

2 
 

3 
 

1 
 

1 
   SPSO 1 

             
4 1 

 
1 

      Total 3 2 2   3   8   21 8 11 1 6 1 6 1 3 1 2   2   1   
 

Table 26. Number of instances for telemetered species and total located in vicinity of (V) and in each tributary (T) in the Yellowstone 
River from 2005–2009.  

  Clarks Fork Bighorn Rosebud Tongue Powder O'Fallon 
  V T V T V T V T V T V T 
BLSU 

      
3 

 
2 

 
1 

 BURB 5 2 1 
   

2 
 

2 
   CHCA 

    
1 

 
3 5 4 2 

  SHST 
    

1 
 

8 1 25 2 5 
 SPSO 

  
5 2 

        Total 5 2 6 2 2 
 

16 6 33 4 6 
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Table 27. Number of aggregations during potential spawning periods of telemetered species, 
during non-spawning, and total in the Yellowstone River from 2005–2009. Aggregations are 
defined as reaches < 1 km with 3 or more telemetered animals present on the same day.  

  Spawning Other Total 
BLSU 11 20 31 
BURB 2 55 57 
CHCA 9 10 19 
SHST 9 44 53 
SPSO 4 39 43 
Pooled 35 168 203 

 

Table 28. Number of telemetered animals that passed, were blocked by, both passed and were 
blocked, or were not in vicinity of diversions or riffles in the Yellowstone River from 2005–
2009. 

  Passed (%) Blocked (%) Both Not in vicinity 
BLSU 30 (79) 8 (21) 8 10 
BURB 12 (50) 12 (50) 3 103 
CHCA 15 (71) 6 (29) 3 87 
SHST 34 (69) 15 (31) 11 9 
SPSO 3 (75) 1 (25) 0 50 
Total 84 42 25 259 

 

Table 29. Number of passage and blockage events at diversions or riffles by telemetered animals 
in the Yellowstone River from 2005–2009. 

  Passage (%) Blocked (%) 
Diversions 113 (64) 62 (36) 
Riffles 154 (97) 5   (3) 
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Table 30. Number of events of passage and blockage by structure (Type; D = diversion dam and 
R = natural rapids) at diversions or rapids by telemetered animals in the Yellowstone River from 
2005–2009. 

Structure Type Passage (%) Blocked (%) 
Huntley D 0     (0) 0     (0) 
Waco D 2   (67) 1   (33) 
Rancher D 1 (100) 0     (0) 
Myers D 6 (100) 0     (0) 
Cartersville D 25   (45) 31   (55) 
Matthews Rapids R 59   (95) 3     (5) 
Wolf Rapids R 95   (98) 2     (2) 
Intake D 79   (73) 30   (27) 
Total       267            67 
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Table 31. Number of occurrences of each species and pooled by season using main (M) or side 
channel (S) to pass above or that were blocked (B) by Intake Diversion in the Yellowstone River 
from 2005–2009. 

  Spring Runoff Summer Winter 
  M S B M S B M S B M S B 
BLSU 3 

  
47 3 6 5 2 

 
5 1 

 BURB 1 
 

5 
        

1 
CHCA 

   
2 1 

   
1 

   SHST 1 
 

2 1 
 

9 
  

4 
   SPSO 

    
1 

       Pooled 5 0 7 50 5 15 5 2 5 5 1 1 
 

Table 32. Number of passage and blockage events by month at diversions or riffles by all 
telemetered animals in the Yellowstone River from 2005–2009. 

Month Blocked Passage Total 
1 0 1 1 
2 0 2 2 
3 4 7 11 
4 13 16 29 
5 13 52 65 
6 16 98 114 
7 9 57 66 
8 5 12 17 
9 4 9 13 

10 1 9 10 
11 1 2 3 
12 1 2 3 

Total 67 267 334 
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Table 33. Number of events of passage and blockage by structure (Type; D = diversion dam and 
R = natural rapids) at diversions or rapids by all telemetered animals in the Yellowstone River 
from 2005–2009. 

Structure Type Species Passage Blockage Species total Structure total 
Huntley D 

     

       Waco D 
    

3 

  BURB 1 1 2 
 

  CHCA 1 0 1 
 Rancher D 

    
1 

  CHCA 1 0 1 
 Myers D 

    
6 

  BLSU 4 0 4 
 

  CHCA 2 0 2 
 Cartersville D 

    
56 

  BLSU 17 1 18 
 

  BURB 6 8 14 
 

  CHCA 1 3 4 
 

  SHST 0 15 15 
 

  SPSO 1 4 5 
 Matthews Rapids R  

   
62 

  BLSU 33 3 36 
 

  BURB 2 0 2 
 

  CHCA 6 0 6 
 

  SHST 17 0 17 
 

  SPSO 1 0 1 
 Wolf Rapids R 

    
97 

  BLSU 46 0 46 
 

  BURB 6 0 6 
 

  CHCA 8 2 10 
 

  SHST 32 0 32 
 

  SPSO 3 0 3 
 Intake D 

    
109 

  BLSU 69 6 75 
 

  BURB 2 7 9 
 

  CHCA 3 1 4 
 

 
 SHST 3 16 19 

     SPSO 2 0 2   
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Table 34. Number of individuals of each species passing above Intake Diversion (N), number of 
occurrences and individuals using main or side channel or both to pass Intake Diversion, and 
frequency (%) using main or side channel or both to pass above Intake in the Yellowstone River 
from 2005–2009.  

    Occurrences Individuals Individuals (%) 
  N Main Side Main Side Both Main Side Both 
BLSU 28 60 6 25 5 2 78 16 6 
BURB 1 1 

 
1 

  
100 

  CHCA 3 2 1 2 1 
 

66 33 
 SHST 2 2 

 
2 

  
100 

  SPSO 1   1   1     100   
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Table 35. Number of observations (N), minimum (Min), mean, standard error (SE), and maximum (Max) discharge (cubic feet per 
second) during passage by way of main or side channel or being blocked by Intake Diversion for each species monitored in the 
Yellowstone River from 2005–2009. 

  Main Side Channel Blocked 

 
N Min Mean SE Max N Min Mean SE Max N Min Mean SE Max 

Total 
 

65  
 

1,800  
 

16,252  11,262 
 

56,500  
 

8   1,800  
 

22,844  14,249  
 

56,500  
 

28  
 

1,800  
 

20,858  9,912  
 

56,500  

BLSU 
 

60  
 

1,800  
 

23,381  1,463  
 

56,500  
 

6   1,800  
 

22,251  6,504 
 

56,500   6  
 

1,800  
 

23,159  
 

3,977  
 

32,900  

BURB  1  
 

9,190  
 

17,218  
 

 
32,900  

     
 6  

 
6,370   9,134   439  

 
17,400  

CHCA  2  
 

6,220  
 

18,598  5,240  
 

40,100  
 

1   3,010  
 

12,077  
 

 
42,900   1  

 
3,110   4,901  

 
 7,210 

SHST  2  
 

6,220  
 

13,781  415  
 

40,100  
     

 
15  

 
3,010  

 
17,092  

 
2,496  

 
56,500 

SPSO           
 

1  
 

17,200  
 

21,286    
 

25,900            
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Table 36. Number of observations (N), minimum (Min), mean, standard deviation (SD), and maximum (Max) discharge (cubic feet 
per second) during passage and blockage events by each species  for each structure (natural rapids and diversion dams) in the 
Yellowstone River from 2005–2009. 

    Blockage Passage 
Structure Species N Min Mean SE Max N Min Mean SE Max 
Huntley Pooled           
 

BLSU 
          

 
BURB           

 
CHCA 

          
 

SHST 
          

 
SPSO 

          
            Waco Pooled 1 7,440 24,341 NA 45,700 2 1,900 14,207 8,237 33,500 

 
BLSU 

          
 

BURB 1 7,440 24,341 NA 45,700 1 5,560 22,445 NA 33,500 

 
CHCA 

     
1 1,900 5,970 NA 31,900 

 
SHST 

          
 

SPSO 
          

            Rancher Pooled 
     

1 3,880 8,585 NA 34,200 

 
BLSU 

          
 

BURB 
          

 
CHCA 

     
1 3,880 8,585 NA 34,200 

 
SHST 

          
 

SPSO 
          

                        
Myers Pooled      6  3,810   9,658  2,358   48,500  



61 
 

 
BLSU 

     
4  3,810   9,457  3,674  48,500  

 
BURB 

          
 

CHCA      2  3,880   10,061  1,475   37,300  

 
SHST 

          
 

SPSO 
          

            Cartersville Pooled 31 3,790 12,422 1,468 34,200 25 3,810 12,733 1,842 48,500 

 
BLSU 1 10,500 10,940 NA 11,400 17 3,810 11,519 1,768 48,500 

 
BURB 8 4,700 13,696 3,141 34,200 6 4,700 18,143 5,506 33,900 

 
CHCA 3 6,070 16,020 4,975 34,200 1 3,880 8,585 NA 34,200 

 
SHST 15 3,790 8,337 1,435 23,600 

     
 

SPSO 4 15,300 22,867 3,292 30,700 1 3,880 5,041 NA 7,480 

            Matthews Rapids Pooled 3 4,150 7,320 2,177 20,500 59 3,420 16,398 1,355 57,400 

 
BLSU 3 4,150 7,320 2,177 20,500 33 3,420 16,784 1,890 57,400 

 
BURB 

     
2 4,340 6,297 1,478 10,300 

 
CHCA 

     
6 4,360 16,194 3.853 37,700 

 
SHST 

     
17 3,950 17,568 2.502 57,400 

 
SPSO 

     
1 3,950 5,207 NA 8,130 

            Wolf Rapids Pooled 2 2,430 4,361 1,931 10,900 95 900 14,785 1,229 56,500 

 
BLSU 

     
46 2,600 20,808 1,930 56,500 

 
BURB 

     
6 900 5,791 392 8,870 

 
CHCA 2 2,430 4,361 1,931 10,900 8 3,010 16,938 3,993 56,500 

 
SHST 

     
32 900 8,305 999 40,100 

 
SPSO 

     
3 1,800 3,801 830 7,710 

            Intake Pooled 30 1,800 15,588 1,756 56,500 79 1,800 21,556 1,344 56,500 
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BLSU 6 1,800 23,159 3,440 32,900 69 1,800 22,560 1,444 56,500 

 
BURB 7 5,000 8,598 740 17,400 2 9,190 17,218 NA 32,900 

 
CHCA 1 3,110 4,901 NA 7,210 3 3,010 16,424 4,042 42,900 

 
SHST 16 3,010 16,474 2,494 56,500 3 3,010 10,597 4,562 40,100 

  SPSO           2 3,010 12,726 8,560 25,900 
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Figure 1. The lower Yellowstone River, its major tributaries, and diversion dams. 
 

 
Figure 2. Locations sampled during 2005 in the Yellowstone River. Shaded circles 
indicate location where at least one radio transmitter was implanted into a target species. 
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Figure 3. Locations sampled during 2006 in the Yellowstone River. Shaded diamonds 
indicate locations where at least one radio transmitter was implanted into a target species. 
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Figure 4. Discharge at Miles City, Montana and season delineation in the Yellowstone 
River from 2005–2009. 
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Figure 5. Linear home ranges of individual telemetered Blue Suckers (N = 40) in the 
Yellowstone River from 2005–2009, each individual is represented by two points and a 
horizontal solid line; open points depict home ranges of fish that expelled their 
transmitter. River kilometer represents distance from the confluence with the Missouri 
River (river kilometer 0). Points that occur at river kilometer 0 depict fish that moved out 
of the Yellowstone River at the confluence of the Missouri River. The vertical dashed 
line represents the location of the Bighorn River and division between Montana Fish, 
Wildlife & Parks Regions 5 (left) and 7 (right).   
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Figure 6. Linear home ranges of individual telemetered Burbot (N = 124) in the 
Yellowstone River from 2005–2009, each individual is represented by two points and a 
horizontal solid line; open points depict home ranges of fish that expelled their 
transmitter. River kilometer represents distance from the confluence with the Missouri 
River (river kilometer 0). Points that occur at river kilometer 0 depict fish that moved out 
of the Yellowstone River at the confluence of the Missouri River. The vertical dashed 
line represents the location of the Bighorn River and division between Montana Fish, 
Wildlife & Parks Regions 5 (left) and 7 (right).   
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Figure 7. Linear home ranges of individual telemetered Channel Catfish (N = 105) in the 
Yellowstone River from 2005–2009, each individual is represented by two points and a 
horizontal solid line; open points depict home ranges of fish that expelled their 
transmitter. River kilometer represents distance from the confluence with the Missouri 
River (river kilometer 0). Points that occur at river kilometer 0 depict fish that moved out 
of the Yellowstone River at the confluence of the Missouri River. The vertical dashed 
line represents the location of the Bighorn River and division between Montana Fish, 
Wildlife & Parks Regions 5 (left) and 7 (right).   
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Figure 8. Linear home ranges of individual telemetered Shovelnose Sturgeon (N = 37) in 
the Yellowstone River from 2005–2009, each individual is represented by two points and 
a horizontal solid line; open points depict home ranges of fish that expelled their 
transmitter. River kilometer represents distance from the confluence with the Missouri 
River (river kilometer 0). Points that occur at river kilometer 0 depict fish that moved out 
of the Yellowstone River at the confluence of the Missouri River. The vertical dashed 
line represents the location of the Bighorn River and division between Montana Fish, 
Wildlife & Parks Regions 5 (left) and 7 (right).   
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Figure 9. Linear home ranges of individual telemetered Spiny Softshells (N = 54) in the 
Yellowstone River from 2005–2009, each individual is represented by two points and a 
horizontal solid line; open points depict home ranges of fish that expelled their 
transmitter. River kilometer represents distance from the confluence with the Missouri 
River (river kilometer 0). Points that occur at river kilometer 0 depict fish that moved out 
of the Yellowstone River at the confluence of the Missouri River. The vertical dashed 
line represents the location of the Bighorn River and division between Montana Fish, 
Wildlife & Parks Regions 5 (left) and 7 (right).  
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Figure 10. Linear home ranges of telemetered species monitored in the Yellowstone 
River from 2005–2009. Bold lines within boxes represent medians, bottom and top of 
boxes are first and third quartiles, and whiskers are 1.5 times interquartile range. Letters 
above bars indicate significant differences in median linear home range among species; 
species with the same letter are not significantly different.  
 
 

BLSU BURB CHCA SHST SPSO
0

100

200

300

400

500

600

700

Species

Li
ne

ar
 h

om
e 

ra
ng

e 
(k

m
)

a

b

b

c
b



72 
 

 

Figure 11. Linear home range of female Shovelnose sturgeon during spawning and 
nonspawning periods, indicated by histological and RIA data, monitored in the 
Yellowstone River from 2006–2007. Linear home ranges are compared among periods 
with a Wilcoxon signed-rank test.   
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Figure 12. Seasonal linear home ranges of Blue Sucker monitored in the Yellowstone 
River from 2005–2009. Letters above bars indicate significant differences in median 
linear home range among seasons; seasons with the same letter are not significantly 
different.  
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Figure 13. Seasonal linear home ranges of Burbot monitored in the Yellowstone River 
from 2005–2009. Letters above bars indicate significant differences in median linear 
home range among seasons; seasons with the same letter are not significantly different.  
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Figure 14. Seasonal linear home ranges of Channel Catfish monitored in the Yellowstone 
River from 2005–2009. Letters above bars indicate significant differences in median 
linear home range among seasons; seasons with the same letter are not significantly 
different.  
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Figure 15. Seasonal linear home ranges of Shovelnose Sturgeon monitored in the 
Yellowstone River from 2005–2009. Letters above bars indicate significant differences in 
median linear home range among seasons; seasons with the same letter are not 
significantly different.  
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Figure 16. Seasonal linear home ranges of Spiny Softshells monitored in the Yellowstone 
River from 2005–2009. Letters above bars indicate significant differences in median 
linear home range among seasons; seasons with the same letter are not significantly 
different.  
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Figure 17. Longitudinal frequency distribution of telemetered Blue Suckers in the 
Yellowstone River from 2005–2009 binned by 15-river kilometer segments when 
captured (origin), potentially spawning, and by season. 
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Figure 18. Longitudinal frequency distribution of telemetered Shovelnose sturgeon in the 
Yellowstone River from 2005–2009 binned by 15-river kilometer segments when 
captured (origin), potentially spawning, and by season. 
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Figure 19. Longitudinal frequency distribution of telemetered Burbot in the Yellowstone 
River from 2005–2009 binned by 15-river kilometer segments when captured (origin), 
potentially spawning, and by season. 

 

 

 

 



81 
 

 

Figure 20. Longitudinal frequency distribution of telemetered Channel Catfish in the 
Yellowstone River from 2005–2009 binned by 15-river kilometer segments when 
captured (origin), potentially spawning, and by season. 
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Figure 21. Longitudinal frequency distribution of telemetered Spiny Softshells in the 
Yellowstone River from 2005–2009 binned by 15-river kilometer segments when 
captured (origin), potentially spawning and by season. 



83 
 

 
Figure 22. Overall total movement rates for telemetered species monitored in the 
Yellowstone River from 2005–2009. Bold lines within boxes represent medians, bottom 
and top of boxes are first and third quantiles, and whiskers are 1.5 times interquartile 
range. Letters above bars indicate significant differences in median net movement rate 
among species using a Kruskal-Wallis one-way analysis of variance and pairwise 
Wilcoxon rank sum tests; species with the same letter are not significantly different.  
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Figure 23. Overall net movement rates for telemetered species monitored in the 
Yellowstone River from 2005–2009. Bold lines within boxes represent medians, bottom 
and top of boxes are first and third quantiles, and whiskers are 1.5 times interquartile 
range. Letters above bars indicate significant differences in median net movement rate 
among species using a Kruskal-Wallis one-way analysis of variance and pairwise 
Wilcoxon rank sum tests; species with the same letter are not significantly different. 
Negative values indicate downstream movements and positive values indicate upstream 
movements. 
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Figure 24. Movements of all telemetered Blue Suckers in the Yellowstone River from 
2005–2009. 
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Figure 25. Total movement rate of telemetered Blue Suckers (N = 36) in the Yellowstone 
River from 2005–2009 by season. Bold lines within boxes represent medians, bottom and 
top of boxes are first and third quartiles, and whiskers are 1.5 times interquartile range. 
Letters above bars indicate significant differences in median net movement rate among 
seasons using a Kruskal-Wallis one-way analysis of variance and pairwise Wilcoxon rank 
sum tests; seasons with the same letter are not significantly different.  
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Figure 26. Net movement rate of telemetered Blue Suckers (N = 36) in the Yellowstone 
River from 2005–2009 by season. Bold lines within boxes represent medians, bottom and 
top of boxes are first and third quartiles, and whiskers are 1.5 times interquartile range. 
Letters above bars indicate significant differences in median net movement rate among 
seasons using a Kruskal-Wallis one-way analysis of variance and pairwise Wilcoxon rank 
sum tests; seasons with the same letter are not significantly different. Negative values 
indicate downstream movements and positive values indicate upstream movements.  
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Figure 27. Absolute values of net upstream and downstream movement rates of Blue 
Suckers (N = 36) in the Yellowstone River from 2005–2009 during runoff. The absolute 
values of net downstream movement rates are displayed for clarity. Net upstream and 
downstream movement rates were significantly different from each other using a Mann-
Whitney-U test.  
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Figure 28. Absolute values of net upstream and downstream movement rates of Blue 
Suckers (N = 36) in the Yellowstone River from 2005–2009 during winter. The absolute 
values of net downstream movement rates are displayed for clarity. Net upstream and 
downstream movement rates were significantly different from each other using a Mann-
Whitney-U test.  
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Figure 29. Movements of all telemetered Shovelnose Sturgeon in the Yellowstone River 
from 2005–2009. 
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Figure 30. Total movement rate of telemetered Shovelnose Sturgeon (N = 33) in the 
Yellowstone River from 2005–2009 by season. Bold lines within boxes represent 
medians, bottom and top of boxes are first and third quartiles, and whiskers are 1.5 times 
interquartile range. Letters above bars indicate significant differences in median net 
movement rate among seasons using a Kruskal-Wallis one-way analysis of variance and 
pairwise Wilcoxon rank sum tests; seasons with the same letter are not significantly 
different. 
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Figure 31. Net movement rate of telemetered Shovelnose Sturgeon (N = 33) in the 
Yellowstone River from 2005–2009 by season. Bold lines within boxes represent 
medians, bottom and top of boxes are first and third quartiles, and whiskers are 1.5 times 
interquartile range. Letters above bars indicate significant differences in median net 
movement rate among seasons using a Kruskal-Wallis one-way analysis of variance and 
pairwise Wilcoxon rank sum tests; seasons with the same letter are not significantly 
different. Negative values indicate downstream movements and positive values indicate 
upstream movements.  
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Figure 32. Net and total movement rates (km/d) of telemetered spawning male (‘Male’), 
spawning female (‘Spawn’), and nonspawning female (‘Nonspawn’) Shovelnose 
Sturgeon in spring monitored in the Yellowstone River from 2006–2007. Bold lines 
within boxes represent medians, bottom and top of boxes are first and third quartiles, and 
whiskers are 1.5 times interquartile range.  
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Figure 33. Net and total movement rates (km/d) of telemetered spawning male (‘Male’), 
spawning female (‘Spawn’), and nonspawning (‘Nonspawn’) female Shovelnose 
Sturgeon in runoff monitored in the Yellowstone River from 2006–2007. Bold lines 
within boxes represent medians, bottom and top of boxes are first and third quartiles, and 
whiskers are 1.5 times interquartile range. 
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Figure 34. Movements of all telemetered Burbot in the Yellowstone River from 2005–
2009. 
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Figure 35. Total movement rate of telemetered Burbot (N = 81) in the Yellowstone River 
from 2005–2009 by season. Bold lines within boxes represent medians, bottom and top of 
boxes are first and third quartiles, and whiskers are 1.5 times interquartile range. Letters 
above bars indicate significant differences in median net movement rate among seasons 
using a Kruskal-Wallis one-way analysis of variance and pairwise Wilcoxon rank sum 
tests; seasons with the same letter are not significantly different. 
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Figure 36. Net movement rate of telemetered Burbot (N = 81) in the Yellowstone River 
from 2005–2009 by season. Bold lines within boxes represent medians, bottom and top of 
boxes are first and third quartiles, and whiskers are 1.5 times interquartile range. Letters 
above bars indicate significant differences in median net movement rate among seasons 
using a Kruskal-Wallis one-way analysis of variance and pairwise Wilcoxon rank sum 
tests; seasons with the same letter are not significantly different. Negative values indicate 
downstream movements and positive values indicate upstream movements.  
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Figure 37. Absolute values of net upstream and downstream movement rates of Burbot 
(N = 81) in the Yellowstone River from 2005–2009 during runoff. Net upstream and 
downstream movement rates were significantly different from each other using a Mann-
Whitney-U test.   
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Figure 38. Absolute values of net upstream and downstream movement rates of Burbot 
(N = 81) in the Yellowstone River from 2005–2009 during summer. Net upstream and 
downstream movement rates were significantly different from each other using a Mann-
Whitney-U test. 
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Figure 39. Movements of all telemetered Channel Catfish in the Yellowstone River from 
2005–2009. 
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Figure 40. Total movement rate of telemetered Channel Catfish (N = 82) in the 
Yellowstone River from 2005–2009 by season. Bold lines within boxes represent 
medians, bottom and top of boxes are first and third quartiles, and whiskers are 1.5 times 
interquartile range. Letters above bars indicate significant differences in median net 
movement rate among seasons using a Kruskal-Wallis one-way analysis of variance and 
pairwise Wilcoxon rank sum tests; seasons with the same letter are not significantly 
different. 
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Figure 41. Net movement rate of telemetered Channel Catfish (N = 82) in the 
Yellowstone River from 2005–2009 by season. Bold lines within boxes represent 
medians, bottom and top of boxes are first and third quartiles, and whiskers are 1.5 times 
interquartile range. Letters above bars indicate significant differences in median net 
movement rate among seasons using a Kruskal-Wallis one-way analysis of variance and 
pairwise Wilcoxon rank sum tests; seasons with the same letter are not significantly 
different. Negative values indicate downstream movements and positive values indicate 
upstream movements.  
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Figure 42. Absolute values of net upstream and downstream movement rates of Channel 
Catfish (N = 82) in the in the Yellowstone River from 2005–2009 during winter. Net 
upstream and downstream movement rates were significantly different from each other 
using a Mann-Whitney-U test. 
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Figure 43. Movements of all telemetered Spiny Softshells in the Yellowstone River from 
2005–2009. 
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Figure 44. Total movement rate of telemetered Spiny Softshells (N = 37) in the 
Yellowstone River from 2005–2009 by season. Bold lines within boxes represent 
medians, bottom and top of boxes are first and third quartiles, and whiskers are 1.5 times 
interquartile range. Letters above bars indicate significant differences in median net 
movement rate among seasons using a Kruskal-Wallis one-way analysis of variance and 
pairwise Wilcoxon rank sum tests; seasons with the same letter are not significantly 
different. 
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Figure 45. Net movement rate of telemetered Spiny Softshells (N = 37) in the 
Yellowstone River from 2005–2009 by season. Bold lines within boxes represent 
medians, bottom and top of boxes are first and third quartiles, and whiskers are 1.5 times 
interquartile range. Letters above bars indicate significant differences in median net 
movement rate among seasons using a Kruskal-Wallis one-way analysis of variance and 
pairwise Wilcoxon rank sum tests; seasons with the same letter are not significantly 
different. Negative values indicate downstream movements and positive values indicate 
upstream movements.  
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Figure 46. Absolute values of net upstream and downstream movement rates of spiny 
Softshells (N = 37) in the Yellowstone River from 2005–2009 during spring. Net 
upstream and downstream movement rates were weakly significantly different from each 
other using a Mann-Whitney-U test. 
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Figure 47. Overall geomorphic reach type I selection by telemetered species in the 
Yellowstone River from 2005–2009. C (closed rectangles) = confined, P (closed circles) 
= partially confined, and U (closed triangles) = unconfined reaches. The dashed line 
represents a selection ratio of 1 (i.e., no preference), values less than zero indicate a reach 
is used less than expected (avoidance), and values greater than zero indicate a reach is 
used more than expected (preference). Error bars describe 90% Bonferroni confidence 
intervals.  
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Figure 48. Seasonal geomorphic reach type I selection by telemetered Blue Suckers in the 
Yellowstone River from 2005–2009. C (closed rectangles) = confined, P (closed circles) 
= partially confined, and U (closed triangles) = unconfined reaches. The dashed line 
represents a selection ratio of 1 (i.e., no preference), values less than zero indicate a reach 
is used less than expected (avoidance), and values greater than zero indicate a reach is 
used more than expected (preference). Error bars describe 90% Bonferroni confidence 
intervals.  
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Figure 49. Overall geomorphic reach type II selection by telemetered species in the 
Yellowstone River from 2005–2009. CM (open squares) = confined meandering, CM 
(open circles) = confined straight, PCA (open triangles) = partially confined 
anabranching, PCB (open diamonds) = partially confined braided, PCM (open upside 
down triangles) = partially confined meandering, PCM/I (closed squares) = partially 
confined meandering with islands, PCS (closed circles) = partially confined straight, UA 
(closed triangles) = unconfined anabranching, and UB (closed diamonds) = unconfined 
braided. The dashed line represents a selection ratio of 1 (i.e., no preference), values less 
than zero indicate a reach is used less than expected (avoidance), and values greater than 
zero indicate a reach is used more than expected (preference). Error bars describe 90% 
Bonferroni confidence intervals.  
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Figure 50. Seasonal geomorphic reach type II selection by telemetered Blue Suckers in 
the Yellowstone River from 2005–2009. CM (open squares) = confined meandering, CM 
(open circles) = confined straight, PCA (open triangles) = partially confined 
anabranching, PCB (open diamonds) = partially confined braided, PCM (open upside 
down triangles) = partially confined meandering, PCM/I (closed squares) = partially 
confined meandering with islands, PCS (closed circles) = partially confined straight, UA 
(closed triangles) = unconfined anabranching, and UB (closed diamonds) = unconfined 
braided. The dashed line represents a selection ratio of 1 (i.e., no preference), values less 
than zero indicate a reach is used less than expected (avoidance), and values greater than 
zero indicate a reach is used more than expected (preference). Error bars describe 90% 
Bonferroni confidence intervals. 
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Figure 51. Seasonal selection ratios of habitat types by telemetered Blue Suckers in the 
Yellowstone River from 2004-2009. The dashed line represents a selection ratio of 1 (i.e., 
no preference), values less than zero indicate a reach is used less than expected 
(avoidance), and values greater than zero indicate a reach is used more than expected 
(preference). Error bars describe 95% Bonferroni confidence intervals.  
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Figure 52. Seasonal geomorphic reach type I selection by telemetered Shovelnose 
sturgeon in the Yellowstone River from 2005–2009. C (closed rectangles) = confined, P 
(closed circles) = partially confined, and U (closed triangles) = unconfined reaches. The 
dashed line represents a selection ratio of 1 (i.e., no preference), values less than zero 
indicate a reach is used less than expected (avoidance), and values greater than zero 
indicate a reach is used more than expected (preference). Error bars describe 90% 
Bonferroni confidence intervals.  
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Figure 53. Seasonal geomorphic reach type II selection by telemetered Shovelnose 
Sturgeon in the Yellowstone River from 2005–2009. CM (open squares) = confined 
meandering, CM (open circles) = confined straight, PCA (open triangles) = partially 
confined anabranching, PCM/I (closed squares) = partially confined meandering with 
islands, PCS (closed circles) = partially confined straight, and US/I (crossed open 
rectangle) = unconfined straight with islands. The dashed line represents a selection ratio 
of 1 (i.e., no preference), values less than zero indicate a reach is used less than expected 
(avoidance), and values greater than zero indicate a reach is used more than expected 
(preference). Error bars describe 90% Bonferroni confidence intervals.  
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Figure 54. Seasonal selection ratios of habitat types by telemetered Shovelnose Sturgeon 
in the Yellowstone River from 2005–2009. The dashed line represents a selection ratio of 
1 (i.e., no preference), values less than zero indicate a reach is used less than expected 
(avoidance), and values greater than zero indicate a reach is used more than expected 
(preference). Error bars describe 95% Bonferroni confidence intervals.  
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Figure 55. Seasonal geomorphic reach type I selection by telemetered Burbot in the 
Yellowstone River from 2005–2009. C (closed rectangles) = confined, P (closed circles) 
= partially confined, and U (closed triangles) = unconfined reaches. The dashed line 
represents a selection ratio of 1 (i.e., no preference), values less than zero indicate a reach 
is used less than expected (avoidance), and values greater than zero indicate a reach is 
used more than expected (preference). Error bars describe 90% Bonferroni confidence 
intervals.  
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Figure 56. Seasonal geomorphic reach type II selection by telemetered Burbot in the 
Yellowstone River from 2005–2009. CM (open squares) = confined meandering, CM 
(open circles) = confined straight, PCA (open triangles) = partially confined 
anabranching, PCB (open diamonds) = partially confined braided, PCM (open upside 
down triangles) = partially confined meandering, PCM/I (closed squares) = partially 
confined meandering with islands, PCS (closed circles) = partially confined straight, UA 
(closed triangles) = unconfined anabranching, UB (closed diamonds) = unconfined 
braided, US/I (crossed open rectangle) = unconfined straight with islands. The dashed 
line represents a selection ratio of 1 (i.e., no preference), values less than zero indicate a 
reach is used less than expected (avoidance), and values greater than zero indicate a reach 
is used more than expected (preference). Error bars describe 90% Bonferroni confidence 
intervals.  
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Figure 57. Seasonal selection ratios of habitat types by telemetered Burbot in the 
Yellowstone River from 2004–2009. The dashed line represents a selection ratio of 1 
(i.e., no preference), values less than zero indicate a reach is used less than expected 
(avoidance), and values greater than zero indicate a reach is used more than expected 
(preference). Error bars describe 95% Bonferroni confidence intervals.  
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Figure 58. Seasonal geomorphic reach type I selection by telemetered Channel catfish in 
the Yellowstone River from 2005–2009. C (closed rectangles) = confined, P (closed 
circles) = partially confined, and U (closed triangles) = unconfined reaches. The dashed 
line represents a selection ratio of 1 (i.e., no preference), values less than zero indicate a 
reach is used less than expected (avoidance), and values greater than zero indicate a reach 
is used more than expected (preference). Error bars describe 90% Bonferroni confidence 
intervals.  
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Figure 59. Seasonal geomorphic reach type II selection by telemetered Channel catfish in 
the Yellowstone River from 2005–2009. CM (open squares) = confined meandering, CM 
(open circles) = confined straight, PCA (open triangles) = partially confined 
anabranching, PCB (open diamonds) = partially confined braided, PCM (open upside 
down triangles) = partially confined meandering, PCM/I (closed squares) = partially 
confined meandering with islands, PCS (closed circles) = partially confined straight, UA 
(closed triangles) = unconfined anabranching, and UB (closed diamonds) = unconfined 
braided. The dashed line represents a selection ratio of 1 (i.e., no preference), values less 
than zero indicate a reach is used less than expected (avoidance), and values greater than 
zero indicate a reach is used more than expected (preference). Error bars describe 90% 
Bonferroni confidence intervals.  
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Figure 60. Seasonal selection ratios of habitat types by telemetered Channel Catfish in the 
Yellowstone River from 2004–2009. The dashed line represents a selection ratio of 1 
(i.e., no preference), values less than zero indicate a reach is used less than expected 
(avoidance), and values greater than zero indicate a reach is used more than expected 
(preference). Error bars describe 90% Bonferroni confidence intervals.  

  

 

            bluff pool  

            terrace pool 

            alluvial pool  

            RR bluff pool  

            RR alluvial pool  

            diversion dam pool 

            channel crossover  

            secondary channel 

 

Se
le

ct
io

n 
ra

tio
 



122 
 

 

 

Figure 61. Seasonal geomorphic reach type I selection by telemetered Spiny Softshells in 
the Yellowstone River from 2005–2009. C (closed rectangles) = confined, P (closed 
circles) = partially confined, and U (closed triangles) = unconfined reaches. The dashed 
line represents a selection ratio of 1 (i.e., no preference), values less than zero indicate a 
reach is used less than expected (avoidance), and values greater than zero indicate a reach 
is used more than expected (preference). Error bars describe 90% Bonferroni confidence 
intervals.  
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Figure 62. Seasonal geomorphic reach type II selection by telemetered Spiny Softshells 
in the Yellowstone River from 2005–2009. CM (open squares) = confined meandering, 
CM (open circles) = confined straight, PCA (open triangles) = partially confined 
anabranching, PCB (open diamonds) = partially confined braided, PCM (open upside 
down triangles) = partially confined meandering, PCM/I (closed squares) = partially 
confined meandering with islands, PCS (closed circles) = partially confined straight, UA 
(closed triangles) = unconfined anabranching, and UB (closed diamonds) = unconfined 
braided. The dashed line represents a selection ratio of 1 (i.e., no preference), values less 
than zero indicate a reach is used less than expected (avoidance), and values greater than 
zero indicate a reach is used more than expected (preference). Error bars describe 90% 
Bonferroni confidence intervals.  
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Figure 63. Seasonal selection ratios of habitat types by telemetered Spiny Softshells in 
the Yellowstone River from 2005–2009. The dashed line represents a selection ratio of 1 
(i.e., no preference), values less than zero indicate a reach is used less than expected 
(avoidance), and values greater than zero indicate a reach is used more than expected 
(preference). Error bars describe 95% Bonferroni confidence intervals.  
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Figure 64. Aggregations of Blue Suckers in the Yellowstone River from 2005–2009 (J = 
June and D = December). Open circles represent aggregations of 3 telemetered 
individuals and closed triangles represent aggregations of 3 or more telemetered 
individuals within 1 km of each other on the same day. Dashed lines represent potential 
spawning periods for each year. 
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Figure 65. Aggregations of Shovelnose sturgeon in the Yellowstone River from 2005–
2009 (J = June and D = December). Open circles represent aggregations of 3 telemetered 
individuals and closed triangles represent aggregations of 3 or more telemetered 
individuals within 1 km of each other on the same day. Dashed lines represent potential 
spawning periods for each year. 
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Figure 66. Aggregations of Burbot in the Yellowstone River from 2005–2009 (J = June 
and D = December). Open circles represent aggregations of 3 telemetered individuals and 
closed triangles represent aggregations of 3 or more telemetered individuals within 1 km 
of each other on the same day. Dashed lines represent potential spawning periods for 
each year. 

 

 

 

 

 

 

 

 



128 
 

 

Figure 67. Aggregations of Channel catfish in the Yellowstone River from 2005–2009 (J 
= June and D = December). Open circles represent aggregations of 3 telemetered 
individuals and closed triangles represent aggregations of 3 or more telemetered 
individuals within 1 km of each other on the same day. Dashed lines represent potential 
spawning periods for each year. 
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Figure 68. Aggregations of Spiny Softshell Turtles in the Yellowstone River from 2005–
2009 (J = June and D = December). Open circles represent aggregations of 3 telemetered 
individuals and closed triangles represent aggregation of 3 or more telemetered 
individuals within 1 km of each other on the same day. Dashed lines represent potential 
spawning periods for each year. 



130 
 

 
Figure 69. Predicted probability of passage (solid line) over diversion dams, and 
associated upper and lower confidence 95% confidence intervals (dotted lines), by 
telemetered species at increasing discharge levels in the Yellowstone River from 2005–
2009. Points are jittered and represent actual data points collected for each species 
passing diversion dams. 
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Figure 70. Predicted probability of passage (solid line) over natural riffles, and associated 
upper and lower confidence 95% confidence intervals (dotted lines), by telemetered 
species at increasing discharge levels in the Yellowstone River from 2005–2009. Points 
are jittered and represent actual data points collected for each species passing natural 
riffles. 
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APPENDIX I 
 

Appendix Table 1. Code, frequency, number of observations (N obs.), monitoring period 
(Mon. period), if the animal expelled the transmitter (Expel, A = active for entire 
monitoring period and E = expelled) and linear home range (LHR) for each telemetered 
Blue Sucker (BLSU) monitored in the Yellowstone River from 2005–2009.  

Sp. Num. Code Freq. 
N 

obs. 
Mon. 
period Expel LHR 

BLSU 1 12 420 45 1115 A 136.60 
BLSU 2 13 420 2 15 A 26.90 
BLSU 3 15 420 44 1115 A 304.00 
BLSU 4 16 420 42 1087 A 266.76 
BLSU 5 18 420 2 44 A 127.80 
BLSU 6 19 420 32 1086 A 340.71 
BLSU 7 20 420 45 1121 A 240.85 
BLSU 8 22 420 39 783 A 332.84 
BLSU 9 24 420 42 1119 A 309.75 
BLSU 10 25 420 2 47 A 9.81 
BLSU 11 29 420 26 1116 A 180.80 
BLSU 12 32 420 19 713 A 137.79 
BLSU 13 33 420 8 718 A 175.83 
BLSU 14 49 420 35 1127 A 235.72 
BLSU 15 57 420 4 365 E 80.55 
BLSU 16 58 420 41 1136 A 76.14 
BLSU 17 63 420 7 735 A 68.61 
BLSU 18 65 420 38 1121 A 224.39 
BLSU 19 69 420 45 1119 A 328.48 
BLSU 20 72 420 42 1120 A 309.75 
BLSU 21 74 420 22 771 A 266.27 
BLSU 22 75 420 31 1121 A 224.39 
BLSU 23 77 420 47 1120 A 348.86 
BLSU 24 15 480 46 1148 A 360.42 
BLSU 25 18 480 51 1148 A 306.59 
BLSU 26 19 480 39 1148 A 170.97 
BLSU 27 23 480 54 1146 A 368.70 
BLSU 28 27 480 2 75 E 14.83 
BLSU 29 28 480 41 1146 A 463.54 
BLSU 30 30 480 46 1142 A 420.06 
BLSU 31 32 480 6 357 A 35.16 
BLSU 32 34 480 44 1142 A 464.04 
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BLSU 33 35 480 2 55 A 10.02 
BLSU 34 36 480 31 1142 A 402.78 
BLSU 35 46 480 3 315 A 134.66 
BLSU 36 47 480 48 1178 A 256.23 
BLSU 37 61 480 6 107 E 17.99 
BLSU 38 64 480 9 416 A 227.08 
BLSU 39 67 480 52 1168 A 96.68 
BLSU 40 79 480 22 1105 A 211.26 

 

Appendix Table 2. Code, frequency, number of observations (N obs.), monitoring period 
(Mon. period), if the animal expelled the transmitter (Expel, A = active for entire 
monitoring period and E = expelled) and linear home range (LHR) for each telemetered 
Shovelnose Sturgeon (SHST) monitored in the Yellowstone River from 2005–2009.  

Sp. Num. Code Freq. 
N 

obs. 
Mon. 
period Expel LHR 

SHST 1 11 420 41 1115 A 248.84 
SHST 2 21 420 36 1119 A 78.91 
SHST 3 27 420 40 1086 A 142.80 
SHST 4 30 420 49 1115 A 186.33 
SHST 5 31 420 52 1116 A 129.66 
SHST 6 47 420 57 1126 A 187.12 
SHST 7 48 420 39 1127 A 183.47 
SHST 8 50 420 46 1014 A 98.65 
SHST 9 53 420 47 1122 A 260.26 
SHST 10 54 420 46 1105 A 355.02 
SHST 11 59 420 53 1136 A 8.06 
SHST 12 61 420 22 367 E 98.68 
SHST 13 67 420 2 47 A 3.30 
SHST 14 79 420 51 1121 A 20.78 
SHST 15 80 420 53 1087 A 220.09 
SHST 16 16 480 48 1149 A 106.68 
SHST 17 17 480 51 1107 A 207.04 
SHST 18 20 480 46 1112 A 47.62 
SHST 19 21 480 42 1146 A 145.66 
SHST 20 25 480 53 1150 A 377.50 
SHST 21 29 480 46 1108 A 141.62 
SHST 22 33 480 43 1109 A 139.08 
SHST 23 37 480 20 337 A 113.78 
SHST 24 39 480 50 1141 A 45.85 
SHST 25 41 480 53 1142 A 140.59 
SHST 26 44 480 49 1142 A 20.08 
SHST 27 50 480 51 1171 A 36.74 
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SHST 28 51 480 50 1171 A 43.65 
SHST 29 52 480 47 1171 A 12.39 
SHST 30 53 480 41 1176 A 113.89 
SHST 31 57 480 45 1177 A 144.07 
SHST 32 60 480 49 1178 A 95.43 
SHST 33 66 480 56 1168 A 261.10 
SHST 34 70 480 48 1138 A 178.07 
SHST 35 72 480 3 103 E 48.54 
SHST 36 76 480 59 1163 A 114.75 
SHST 37 80 480 58 1163 A 50.20 

 

Appendix Table 3. Code, frequency, number of observations (N obs.), monitoring period 
(Mon. period), if the animal expelled the transmitter (Expel, A = active for entire 
monitoring period and E = expelled) and linear home range (LHR) for each telemetered 
Burbot (BURB) monitored in the Yellowstone River from 2005–2009.  

Sp. Num. Code Freq. 
N 

obs. 
Mon. 
period Expel LHR 

BURB 1 38 420 9 121 A 16.93 
BURB 2 44 420 7 91 A 0.47 
BURB 3 45 420 10 113 E 7.03 
BURB 4 11 500 12 335 A 9.19 
BURB 5 12 500 14 320 A 58.50 
BURB 6 13 500 10 263 A 53.11 
BURB 7 14 500 13 262 A 0.90 
BURB 8 15 500 12 321 A 132.08 
BURB 9 16 500 1 0 A 0.00 
BURB 10 17 500 12 312 A 11.71 
BURB 11 18 500 12 272 A 1.59 
BURB 12 19 500 14 271 A 7.58 
BURB 13 20 500 13 272 A 1.46 
BURB 14 21 500 14 271 A 25.23 
BURB 15 22 500 16 312 A 8.45 
BURB 16 23 500 12 271 A 5.89 
BURB 17 24 500 10 209 A 42.09 
BURB 18 25 500 16 265 A 63.39 
BURB 19 26 500 15 265 A 40.21 
BURB 20 27 500 9 144 A 59.95 
BURB 21 28 500 17 320 A 47.93 
BURB 22 29 500 16 305 A 26.16 
BURB 23 30 500 13 305 A 34.56 
BURB 24 31 500 18 301 A 55.22 
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BURB 25 32 500 10 242 A 13.08 
BURB 26 33 500 16 301 A 57.44 
BURB 27 34 500 10 203 A 98.70 
BURB 28 35 500 15 335 A 3.23 
BURB 29 36 500 11 258 A 137.67 
BURB 30 37 500 13 201 A 74.85 
BURB 31 38 500 8 252 A 9.46 
BURB 32 39 500 13 296 A 15.88 
BURB 33 40 500 17 341 A 13.31 
BURB 34 41 500 14 290 A 13.08 
BURB 35 42 500 3 30 A 0.95 
BURB 36 43 500 5 72 A 0.24 
BURB 37 44 500 1 0 A 0.00 
BURB 38 45 500 6 72 A 1.00 
BURB 39 47 500 14 282 A 64.71 
BURB 40 48 500 10 140 A 0.10 
BURB 41 49 500 4 211 A 81.45 
BURB 42 50 500 5 99 A 1.08 
BURB 43 51 500 3 89 A 36.75 
BURB 44 52 500 7 132 A 1.79 
BURB 45 53 500 11 251 A 8.99 
BURB 46 54 500 8 140 A 0.11 
BURB 47 55 500 6 75 A 0.80 
BURB 48 56 500 5 95 A 0.66 
BURB 49 57 500 6 87 A 0.98 
BURB 50 58 500 9 97 A 2.12 
BURB 51 59 500 8 140 A 0.02 
BURB 52 60 500 2 42 A 0.03 
BURB 53 11 600 7 86 E 0.53 
BURB 54 12 600 13 112 E 178.99 
BURB 55 13 600 12 121 E 5.86 
BURB 56 14 600 11 123 E 37.12 
BURB 57 15 600 12 165 E 14.30 
BURB 58 16 600 9 197 E 57.89 
BURB 59 17 600 30 110 A 0.50 
BURB 60 18 600 9 84 E 5.15 
BURB 61 19 600 10 124 E 116.67 
BURB 62 20 600 11 124 A 112.20 
BURB 63 21 600 10 104 A 24.46 
BURB 64 22 600 5 49 E 1.01 
BURB 65 23 600 22 306 A 153.13 
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BURB 66 24 600 2 1 A 1.38 
BURB 67 25 600 33 491 A 4.01 
BURB 68 26 600 13 124 E 6.44 
BURB 69 27 600 7 67 A 0.00 
BURB 70 28 600 16 242 A 62.43 
BURB 71 29 600 11 192 A 107.00 
BURB 72 30 600 5 52 A 5.44 
BURB 73 31 600 11 123 A 66.58 
BURB 74 32 600 14 136 A 281.35 
BURB 75 33 600 19 71 A 0.42 
BURB 76 34 600 17 119 E 22.45 
BURB 77 35 600 23 181 E 27.79 
BURB 78 36 600 23 83 A 113.76 
BURB 79 37 600 16 69 A 33.18 
BURB 80 38 600 13 143 A 15.88 
BURB 81 39 600 5 52 E 10.96 
BURB 82 40 600 7 84 A 3.62 
BURB 83 41 600 6 114 A 2.94 
BURB 84 42 600 12 141 A 0.93 
BURB 85 43 600 3 169 A 2.59 
BURB 86 44 600 12 104 A 7.95 
BURB 87 45 600 13 115 A 113.76 
BURB 88 46 600 4 46 A 98.37 
BURB 89 47 600 12 246 A 84.94 
BURB 90 48 600 9 238 A 4.92 
BURB 91 49 600 11 302 A 90.68 
BURB 92 50 600 11 246 A 7.30 
BURB 93 51 600 8 246 A 3.20 
BURB 94 74 600 3 56 A 5.79 
BURB 95 75 600 19 386 A 2.25 
BURB 96 76 600 14 296 A 7.48 
BURB 97 77 600 9 292 A 5.71 
BURB 98 78 600 18 410 A 6.52 
BURB 99 79 600 29 501 A 2.41 
BURB 100 80 600 15 341 A 2.57 
BURB 101 81 600 16 357 A 6.52 
BURB 102 82 600 10 323 A 13.92 
BURB 103 83 600 20 560 A 29.04 
BURB 104 84 600 20 412 A 8.29 
BURB 105 85 600 37 878 A 20.35 
BURB 106 86 600 11 125 A 28.56 
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BURB 107 87 600 8 90 A 0.64 
BURB 108 89 600 15 532 A 13.44 
BURB 109 90 600 9 89 A 58.89 
BURB 110 93 600 8 68 A 0.08 
BURB 111 94 600 18 370 A 23.25 
BURB 112 95 600 9 96 A 8.69 
BURB 113 108 600 9 334 A 1.29 
BURB 114 110 600 3 56 A 1.13 
BURB 115 111 600 4 65 A 1.93 
BURB 116 112 600 9 227 A 16.25 
BURB 117 113 600 6 149 A 67.90 
BURB 118 114 600 4 122 A 6.32 
BURB 119 115 600 8 227 A 8.93 
BURB 120 117 600 7 292 A 10.94 
BURB 121 120 600 6 216 A 1.77 
BURB 122 122 600 7 292 A 12.23 
BURB 123 123 600 7 292 A 10.94 
BURB 124 124 600 4 122 A 12.47 

 

Appendix Table 4. Code, frequency, number of observations (N obs.), monitoring period 
(Mon. period), if the animal expelled the transmitter (Expel, A = active for entire 
monitoring period and E = expelled) and linear home range (LHR) for each telemetered 
Channel Catfish (CHCA) monitored in the Yellowstone River from 2005–2009.  

Sp. Num. Code Freq. 
N 

obs. 
Mon. 
period Expel LHR 

CHCA 1 13a 420 14 274 E 2.29 
CHCA 2 13b 420 5 48 A 179.63 
CHCA 3 60a 420 15 360 A 2.27 
CHCA 4 60b 420 25 505 E 138.45 
CHCA 5 66b 420 6 101 A 9.48 
CHCA 6 71a 420 17 314 E 109.26 
CHCA 7 71b 420 8 49 A 81.93 
CHCA 8 14 420 7 575 A 22.32 
CHCA 9 17 420 12 248 E 29.31 
CHCA 10 26 420 2 47 E 3.69 
CHCA 11 28 420 2 47 A 10.81 
CHCA 12 34 420 20 644 A 141.64 
CHCA 13 35 420 3 42 A 5.78 
CHCA 14 36 420 6 91 A 1.06 
CHCA 15 37 420 3 34 A 29.08 
CHCA 16 39 420 8 458 A 106.72 
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CHCA 17 40 420 5 49 A 3.32 
CHCA 18 41 420 5 107 A 55.41 
CHCA 19 42 420 14 358 A 26.22 
CHCA 20 45 420 10 295 A 6.08 
CHCA 21 46 420 16 1036 A 2.22 
CHCA 22 55 420 6 674 E 184.03 
CHCA 23 56 420 14 326 E 1.95 
CHCA 24 57 420 16 435 A 2.59 
CHCA 25 61 420 11 343 A 2.96 
CHCA 26 62 420 18 353 A 69.25 
CHCA 27 64 420 45 1037 A 4.57 
CHCA 28 66 420 21 253 A 6.73 
CHCA 29 70 420 2 49 E 1.69 
CHCA 30 73 420 29 370 A 27.04 
CHCA 31 78 420 23 670 A 152.95 
CHCA 32 17b 420 5 49 A 0.71 
CHCA 33 23a 420 17 278 E 2.61 
CHCA 34 23b 420 16 435 A 1.77 
CHCA 35 26b 420 2 7 A 0.03 
CHCA 36 43a 420 9 282 E 62.83 
CHCA 37 43b 420 2 21 A 3.23 
CHCA 38 51a 420 6 91 E 4.92 
CHCA 39 51b 420 15 336 A 0.90 
CHCA 40 52a 420 2 54 E 0.34 
CHCA 41 52b 420 13 454 A 197.85 
CHCA 42 55b 420 8 70 A 67.72 
CHCA 43 76a 420 15 253 E 5.20 
CHCA 44 76b 420 19 435 A 2.45 
CHCA 45 11 480 2 78 A 2.32 
CHCA 46 58a 480 27 421 E 5.36 
CHCA 47 58b 480 9 451 A 1.90 
CHCA 48 59a 480 2 106 E 27.39 
CHCA 49 59b 480 5 55 A 45.40 
CHCA 50 69b 480 8 90 A 5.87 
CHCA 51 71a 480 3 103 E 40.23 
CHCA 52 71b 480 3 41 A 3.51 
CHCA 53 12 480 2 78 A 7.31 
CHCA 54 13 480 4 99 A 1.64 
CHCA 55 14 480 12 352 A 8.77 
CHCA 56 27 480 11 460 A 34.84 
CHCA 57 31 480 2 70 A 3.32 
CHCA 58 38 480 2 361 A 186.93 
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CHCA 59 40 480 17 1095 A 59.50 
CHCA 60 42 480 39 1141 A 18.46 
CHCA 61 43 480 46 1104 A 83.25 
CHCA 62 45 480 55 1142 A 93.89 
CHCA 63 48 480 5 129 A 2.72 
CHCA 64 54 480 49 1063 A 4.80 
CHCA 65 61 480 3 31 A 2.09 
CHCA 66 63 480 2 41 A 95.43 
CHCA 67 64 480 8 524 A 179.44 
CHCA 68 65 480 6 142 A 11.02 
CHCA 69 68 480 16 314 A 1.13 
CHCA 70 69 480 2 96 E 42.63 
CHCA 71 72 480 8 90 A 1.48 
CHCA 72 73 480 6 337 A 217.81 
CHCA 73 74 480 3 108 A 9.70 
CHCA 74 77 480 33 652 A 217.81 
CHCA 75 78 480 13 259 A 2.88 
CHCA 76 22a 480 2 74 E 0.06 
CHCA 77 22b 480 8 105 A 0.76 
CHCA 78 24a 480 2 75 E 50.95 
CHCA 79 24b 480 4 22 A 10.62 
CHCA 80 26a 480 20 349 E 12.99 
CHCA 81 26b 480 6 195 A 1.01 
CHCA 82 55a 480 2 105 E 29.26 
CHCA 83 55b 480 9 56 A 10.20 
CHCA 84 56a 480 4 140 E 6.07 
CHCA 85 56b 480 14 460 A 58.95 
CHCA 86 11 600 12 336 A 0.03 
CHCA 87 12 600 2 35 A 57.74 
CHCA 88 13 600 6 84 A 1.43 
CHCA 89 15 600 2 7 A 2.91 
CHCA 90 16 600 9 303 A 3.81 
CHCA 91 18 600 10 303 A 0.21 
CHCA 92 19 600 6 88 A 111.16 
CHCA 93 26 600 3 127 A 54.30 
CHCA 94 27 600 4 33 E 1.74 
CHCA 95 34 600 15 370 A 133.54 
CHCA 96 39 600 10 337 A 66.48 
CHCA 97 52 600 13 371 A 1.19 
CHCA 98 53 600 2 21 A 0.05 
CHCA 99 54 600 10 119 A 2.25 
CHCA 100 55 600 16 373 A 0.93 
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CHCA 101 56 600 19 434 A 2.17 
CHCA 102 57 600 10 373 A 7.71 
CHCA 103 58 600 12 364 A 34.63 
CHCA 104 59 600 11 404 A 33.47 
CHCA 105 60 600 8 141 A 0.23 

 

Appendix Table 5. Code, frequency, number of observations (N obs.), monitoring period 
(Mon. period), if the animal expelled the transmitter (Expel, A = active for entire 
monitoring period and E = expelled) and linear home range (LHR) for each telemetered 
Spiny Softshells (SPSO) monitored in the Yellowstone River from 2005–2009.  

Sp. Num. Code Freq. 
N 

obs. 
Mon. 
period Expel LHR 

SPSO 1 102 480 4 376 A 0.9 
SPSO 2 106 480 2 2 A 0.7 
SPSO 3 107 480 18 317 A 26.2 
SPSO 4 108 480 9 286 A 14.4 
SPSO 5 109 480 8 244 A 3.9 
SPSO 6 110 480 22 820 A 9.2 
SPSO 7 111 480 12 372 A 15.9 
SPSO 8 113 480 17 735 A 2.2 
SPSO 9 116 480 15 622 A 0.6 
SPSO 10 117 480 10 425 A 2.7 
SPSO 11 118 480 4 54 A 36.6 
SPSO 12 119 480 11 412 A 3.0 
SPSO 13 120 480 11 412 A 1.0 
SPSO 14 121 480 12 366 A 2.7 
SPSO 15 122 480 11 431 A 0.8 
SPSO 16 123 480 11 431 A 5.1 
SPSO 17 124 480 14 616 A 8.9 
SPSO 18 81 420 43 1167 A 2.3 
SPSO 19 82 420 42 812 A 55.1 
SPSO 20 83 420 36 733 A 6.3 
SPSO 21 84 420 35 1034 A 6.2 
SPSO 22 85 420 34 1147 A 11.8 
SPSO 23 87 420 33 1085 A 3.6 
SPSO 24 88 420 42 1065 A 14.8 
SPSO 25 89 420 28 734 A 16.6 
SPSO 26 91 420 17 340 A 2.3 
SPSO 27 92 420 17 697 A 3.9 
SPSO 28 93 420 22 453 A 2.4 
SPSO 29 94 420 37 763 A 3.5 
SPSO 30 95 420 31 1061 A 2.2 
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SPSO 31 96 420 26 762 A 12.8 
SPSO 32 97 420 47 1109 A 32.3 
SPSO 33 98 420 38 1043 A 7.0 
SPSO 34 99 420 38 740 A 6.1 
SPSO 35 100 420 21 705 A 4.7 
SPSO 36 81 480 40 1106 A 3.5 
SPSO 37 82 480 33 1102 A 60.4 
SPSO 38 83 480 12 1050 A 102.0 
SPSO 39 84 480 21 343 A 3.2 
SPSO 40 85 480 41 1030 A 7.8 
SPSO 41 86 480 35 1015 A 298.9 
SPSO 42 87 480 34 1106 A 9.4 
SPSO 43 88 480 34 1006 A 18.5 
SPSO 44 89 480 44 1071 A 34.1 
SPSO 45 90 480 6 69 A 0.9 
SPSO 46 91 480 40 741 A 4.2 
SPSO 47 92 480 11 176 A 1.5 
SPSO 48 93 480 23 524 A 2.4 
SPSO 49 94 480 18 398 A 9.5 
SPSO 50 95 480 30 533 A 18.0 
SPSO 51 96 480 40 982 A 8.5 
SPSO 52 97 480 27 778 A 9.8 
SPSO 53 98 480 36 1121 A 10.5 
SPSO 54 99 480 29 448 A 16.6 
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Appendix Table 6. Summary of reaches, reach type I, reach type II, length (km), distance 
from confluence (Dist., km), braiding parameter (Braiding), and river complexity index 
per km (RCI/km) within the Yellowstone River study site from the Clark’s Fork of the 
Yellowstone (A18) to the confluence with the Missouri River (D16). For type I: CM = 
confined meandering, CM = confined straight, PCA = partially confined anabranching, 
PCB = partially confined braided, PCM = partially confined meandering, PCM/I = 
partially confined meandering with islands, PCS = partially confined straight, UA = 
unconfined anabranching, UB = unconfined braided, US/I = unconfined straight with 
islands. For type II: P = partially confined, U = unconfined, and C = confined. Adapted 
from Table A-1 and B-2 from Boyd and Thatcher (2007).  

 

Reach Type I Type II  Length Dist. Braiding  RCI/km 
A16 P PCA  12.5 644.5 2.9 5.7 
A17 U UA  10.5 632.0 2.8 5.5 
A18 U UA  3.8 621.5 3.3 8.0 
B1 U UB  25.0 617.7 2.4 3.7 
B2 P PCB  9.9 592.7 2.2 3.9 
B3 U UB  7.0 582.8 2.9 4.0 
B4 P PCS  6.1 575.8 1.8 1.7 
B5 U UA  12.1 569.7 3.5 8.3 
B6 P PCB  10.0 557.6 2.5 3.5 
B7 U UB  14.0 547.6 2.8 4.3 
B8 P PCA  14.4 533.6 3.0 4.3 
B9 U UA  7.5 519.2 3.4 7.5 
B10 P PCM  11.5 511.7 2.6 5.4 
B11 P PCA  12.9 500.2 3.1 4.9 
B12 U UA  7.2 487.3 3.5 6.6 
C1 U UA  9.5 480.1 3.0 5.5 
C2 P PCB  8.9 470.6 2.6 3.4 
C3 U UA  7.5 461.7 2.9 5.6 
C4 P PCB  5.9 454.2 1.7 2.5 
C5 P PCS  5.1 448.3 2.0 2.4 
C6 U UA  9.1 443.2 2.0 3.5 
C7 U UA  15.3 434.1 3.2 7.6 
C8 P PCS  10.5 418.8 2.1 2.9 
C9 U UA  19.1 408.3 2.3 3.2 
C10 P PCM  11.0 389.2 1.8 2.0 
C11 P PCM/I  18.8 378.2 2.1 3.6 
C12 P PCM/I  16.1 359.4 1.9 2.8 
C13 P PCM/I  10.8 343.3 1.9 2.2 
C14 P PCM/I  19.6 332.5 1.9 3.0 
C15 P PCS  6.0 312.9 1.7 1.4 
C16 P PCM/I  11.6 306.9 2.6 3.7 



143 
 

C17 P PCS  7.1 295.3 2.1 2.2 
C18 P PCS  5.2 288.2 1.1 0.6 
C19 C CS  17.9 283.0 1.4 0.8 
C20 C CS  12.2 265.1 1.8 2.0 
C21 C CM  15.3 252.9 1.9 2.2 
D1 C CM  19.5 237.6 1.6 2.4 
D2 C CM  17.0 218.1 1.1 0.3 
D3 P PCS  13.3 201.1 1.6 1.0 
D4 P PCM/I  17.7 187.8 2.3 2.9 
D5 P PCA  18.2 170.1 3.3 5.3 
D6 P PCM/I  9.0 151.9 2.2 2.7 
D7 P PCA  12.2 142.9 3.3 5.1 
D8 P PCA  16.4 130.7 2.6 4.4 
D9 P PCM/I  5.6 114.3 2.5 3.8 
D10 P PCA  18.6 108.7 3.0 4.3 
D11 P PCA  10.4 90.1 3.5 6.7 
D12 P PCA  21.6 79.7 2.9 4.0 
D13 P PCM/I  13.5 58.1 2.3 2.6 
D14 P PCM/I  23.1 44.6 2.1 2.3 
D15 P PCM/I  9.5 21.5 2.3 2.1 
D16 U US/I  12.0 12.0 2.6 2.8 
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Appendix Table 7. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for overall geomorphic reach types used by all telemetered species  in the 
Yellowstone River from 2005–2009. C = confined, P = partially confined, and U = 
unconfined reaches.  

Species 
Reach 
type II 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

BLSU C 0.17 0.21 1.25 0.30 0.53 1.98 

 
P 0.68 0.73 1.08 0.07 0.91 1.26 

 
U 0.15 0.05 0.34 0.09 0.14 0.55 

        BURB C 0.13 0.04 0.35 0.14 0.01 0.69 

 
P 0.63 0.70 1.11 0.08 0.93 1.29 

 
U 0.25 0.26 1.05 0.19 0.59 1.51 

        CHCA C 0.14 0.08 0.59 0.16 0.20 0.97 

 
P 0.67 0.67 0.99 0.07 0.83 1.16 

 
U 0.19 0.25 1.34 0.23 0.79 1.89 

        SHST C 0.22 0.29 1.33 0.28 0.67 1.99 

 
P 0.75 0.71 0.94 0.08 0.75 1.13 

 
U 0.03 0.00 0.10 0.06 -0.04 0.24 

        SPSO C 0.15 0.10 0.67 0.33 -0.11 1.46 

 
P 0.61 0.65 1.07 0.11 0.80 1.34 

  U 0.24 0.25 1.02 0.24 0.44 1.60 
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Appendix Table 8. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for reach type I used by telemetered Blue Suckers  in the Yellowstone 
River from the Clark’s Fork of the Yellowstone to the confluence with the Missouri River 
from 2005–2009.  

Season 
Reach  
type I 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring C 0.17 0.17 0.97 0.71 -0.73 2.68 

 
P 0.68 0.75 1.11 0.19 0.66 1.55 

 
U 0.15 0.08 0.55 0.41 -0.43 1.54 

        Runoff C 0.17 0.29 1.69 0.43 0.65 2.73 

 
P 0.68 0.70 1.03 0.11 0.77 1.29 

 
U 0.15 0.01 0.08 0.08 -0.11 0.27 

        Summer C 0.17 0.24 1.38 0.36 0.53 2.24 

 
P 0.68 0.71 1.04 0.09 0.83 1.25 

 
U 0.15 0.06 0.38 0.16 0.00 0.76 

        Winter C 0.17 0.16 0.93 0.30 0.22 1.64 

 
P 0.68 0.72 1.07 0.10 0.82 1.32 

 
U 0.15 0.12 0.77 0.28 0.10 1.43 

        Spawning C 0.17 0.14 0.82 0.30 0.11 1.54 

 
P 0.68 0.84 1.23 0.07 1.06 1.41 

  U 0.15 0.02 0.15 0.08 -0.04 0.34 
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Appendix Table 9. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for overall geomorphic reach type II used by telemetered species in the 
Yellowstone River from 2005–2009. CM = confined meandering, CM = confined 
straight, PCA = partially confined anabranching, PCB = partially confined braided, PCM 
= partially confined meandering, PCM/I = partially confined meandering with islands, 
PCS = partially confined straight, UA = unconfined anabranching, and UB = unconfined 
braided.  

Species 
Reach  
Type II 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

BLSU CM 0.11 0.14 1.25 0.33 0.33 2.17 

 
CS 0.06 0.08 1.33 0.62 -0.39 3.04 

 
PCA 0.20 0.27 1.32 0.25 0.62 2.02 

 
PCB 0.03 0.00 0.09 0.07 -0.09 0.28 

 
PCM 0.02 0.03 1.49 1.00 -1.27 4.25 

 
PCM/I 0.32 0.35 1.07 0.15 0.67 1.48 

 
PCS 0.10 0.10 1.02 0.28 0.24 1.81 

 
UA 0.13 0.03 0.23 0.10 -0.06 0.52 

 
UB 0.02 0.00 0.00 0.00 0.00 0.00 

        BURB CM 0.08 0.04 0.49 0.22 -0.13 1.10 

 
CS 0.05 0.00 0.10 0.05 -0.04 0.23 

 
PCA 0.21 0.23 1.06 0.16 0.60 1.53 

 
PCB 0.05 0.01 0.25 0.14 -0.14 0.63 

 
PCM 0.03 0.10 3.23 0.91 0.68 5.79 

 
PCM/I 0.24 0.24 0.99 0.16 0.55 1.42 

 
PCS 0.08 0.12 1.49 0.31 0.63 2.34 

 
UA 0.16 0.10 0.65 0.16 0.20 1.10 

 
UB 0.07 0.15 2.13 0.60 0.44 3.83 

 
US/I 0.02 0.00 0.24 0.20 -0.31 0.79 

        CHCA CM 0.09 0.07 0.83 0.23 0.18 1.48 

 
CS 0.05 0.01 0.17 0.13 -0.21 0.54 

 
PCA 0.21 0.28 1.34 0.25 0.65 2.03 

 
PCB 0.06 0.03 0.52 0.20 -0.03 1.08 

 
PCM 0.04 0.02 0.43 0.27 -0.32 1.19 

 
PCM/I 0.27 0.26 0.97 0.20 0.42 1.52 

 
PCS 0.09 0.08 0.84 0.20 0.28 1.40 

 
UA 0.15 0.15 0.99 0.23 0.36 1.63 

 
UB 0.04 0.10 2.51 0.71 0.53 4.48 

        SHST CM 0.14 0.29 2.08 0.44 0.92 3.25 

 
CS 0.08 0.02 0.24 0.10 -0.03 0.51 
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PCA 0.26 0.21 0.82 0.22 0.25 1.40 

 
PCM/I 0.41 0.38 0.92 0.16 0.50 1.33 

 
PCS 0.08 0.10 1.19 0.33 0.33 2.05 

 
US/I 0.03 0.00 0.11 0.07 -0.07 0.29 

        SPSO CM 0.09 0.05 0.53 0.37 -0.51 1.56 

 
CS 0.05 0.05 0.97 0.68 -0.92 2.86 

 
PCA 0.22 0.26 1.15 0.27 0.41 1.89 

 
PCB 0.06 0.01 0.20 0.11 -0.10 0.50 

 
PCM 0.04 0.02 0.43 0.32 -0.46 1.33 

 
PCM/I 0.19 0.26 1.35 0.30 0.50 2.19 

 
PCS 0.09 0.11 1.15 0.48 -0.17 2.47 

 
UA 0.16 0.19 1.14 0.34 0.20 2.08 

  UB 0.08 0.06 0.76 0.29 -0.03 1.56 
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Appendix Table 10. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for seasonal geomorphic reach types used by telemetered Blue Suckers in 
the Yellowstone River from 2005–2009. CM = confined meandering, CM = confined 
straight, PCA = partially confined anabranching, PCB = partially confined braided, PCM 
= partially confined meandering, PCM/I = partially confined meandering with islands, 
PCS = partially confined straight, UA = unconfined anabranching, and UB = unconfined 
braided.  
 

Season 
Reach  
type 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring CM 0.11 0.05 0.41 0.39 -0.68 1.50 

 
CS 0.06 0.14 2.25 1.51 -1.92 6.42 

 
PCA 0.20 0.18 0.90 0.49 -0.46 2.26 

 
PCB 0.03 0.00 0.00 0.00 0.00 0.00 

 
PCM 0.02 0.05 2.25 1.90 -3.02 7.52 

 
PCM/I 0.32 0.50 1.55 0.59 -0.09 3.19 

 
PCS 0.10 0.09 0.90 0.91 -1.63 3.43 

 
UA 0.13 0.00 0.00 0.00 0.00 0.00 

 
UB 0.02 0.00 0.00 0.00 0.00 0.00 

        Runoff CM 0.11 0.05 0.41 0.39 -0.68 1.50 

 
CS 0.06 0.14 2.25 1.51 -1.92 6.42 

 
PCA 0.20 0.18 0.90 0.49 -0.46 2.26 

 
PCB 0.03 0.00 0.00 0.00 0.00 0.00 

 
PCM 0.02 0.05 2.25 1.90 -3.02 7.52 

 
PCM/I 0.32 0.50 1.55 0.59 -0.09 3.19 

 
PCS 0.10 0.09 0.90 0.91 -1.63 3.43 

 
UA 0.13 0.00 0.00 0.00 0.00 0.00 

 
UB 0.02 0.00 0.00 0.00 0.00 0.00 

        Summer CM 0.11 0.15 1.33 0.41 0.20 2.46 

 
CS 0.06 0.09 1.49 0.69 -0.42 3.40 

 
PCA 0.20 0.24 1.17 0.27 0.41 1.93 

 
PCB 0.03 0.01 0.17 0.12 -0.15 0.49 

 
PCM 0.02 0.03 1.61 1.01 -1.19 4.42 

 
PCM/I 0.32 0.32 0.98 0.16 0.55 1.41 

 
PCS 0.10 0.12 1.22 0.30 0.40 2.03 

 
UA 0.13 0.05 0.38 0.18 -0.12 0.88 

 
UB 0.02 0.00 0.00 0.00 0.00 0.00 

        Winter CM 0.11 0.10 0.89 0.47 -0.41 2.18 

 
CS 0.06 0.08 1.35 0.57 -0.22 2.92 

 
PCA 0.20 0.15 0.73 0.24 0.07 1.39 
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PCB 0.03 0.00 0.00 0.00 0.00 0.00 

 
PCM 0.02 0.00 0.00 0.00 0.00 0.00 

 
PCM/I 0.32 0.52 1.62 0.32 0.73 2.52 

 
PCS 0.10 0.15 1.46 0.80 -0.75 3.67 

 
UA 0.13 0.00 0.00 0.00 0.00 0.00 

 
UB 0.02 0.00 0.00 0.00 0.00 0.00 

        Spawning CM 0.11 0.10 0.88 0.29 0.08 1.68 

 
CS 0.06 0.05 0.74 0.74 -1.31 2.80 

 
PCA 0.20 0.40 1.97 0.35 1.01 2.94 

 
PCB 0.03 0.00 0.00 0.00 0.00 0.00 

 
PCM 0.02 0.03 1.49 1.46 -2.55 5.53 

 
PCM/I 0.32 0.36 1.12 0.17 0.64 1.59 

 
PCS 0.10 0.06 0.60 0.27 -0.17 1.36 

 
UA 0.13 0.01 0.06 0.06 -0.10 0.21 

  UB 0.02 0.00 0.00 0.00 0.00 0.00 
 

Appendix Table 11. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for geomorphic reach type I used by telemetered Shovelnose in the 
Yellowstone River from 2005–2009. For reach type II: C (closed rectangles) = confined, 
P (closed circles) = partially confined, and U (closed triangles) = unconfined reaches.  

Season 
Reach  
type I 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring C 0.22 0.33 1.53 0.33 0.75 2.32 

 
P 0.75 0.66 0.88 0.09 0.66 1.11 

 
U 0.03 0.00 0.14 0.14 -0.20 0.49 

        Runoff C 0.22 0.30 1.38 0.37 0.50 2.26 

 
P 0.75 0.69 0.92 0.11 0.67 1.18 

 
U 0.03 0.01 0.25 0.25 -0.34 0.84 

        Summer C 0.22 0.23 1.06 0.26 0.43 1.69 

 
P 0.75 0.77 1.02 0.08 0.84 1.21 

 
U 0.03 0.00 0.00 0.00 0.00 0.00 

        Winter C 0.22 0.36 1.67 0.35 0.83 2.52 

 
P 0.75 0.63 0.84 0.10 0.60 1.08 

 
U 0.03 0.01 0.26 0.26 -0.36 0.88 

        Spawning C 0.22 0.29 1.32 0.33 0.53 2.10 

 
P 0.75 0.71 0.95 0.09 0.73 1.18 
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  U 0.03 0.00 0.00 0.00 0.00 0.00 
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Appendix Table 12. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for seasonal geomorphic reach type II used by telemetered Shovelnose 
Sturgeon in the Yellowstone River from 2005–2009. CM = confined meandering, CS = 
confined straight, PCA = partially confined anabranching, PCM/I = partially confined 
meandering with islands, PCS = partially confined straight, and US/I = unconfined 
straight with islands.  

Season 
Reach  
type 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring CM 0.14 0.33 2.33 0.55 0.88 3.78 

 
CS 0.08 0.04 0.50 0.25 -0.16 1.17 

 
PCA 0.26 0.17 0.64 0.21 0.10 1.18 

 
PCM/I 0.41 0.37 0.89 0.18 0.43 1.36 

 
PCS 0.08 0.10 1.19 0.48 -0.08 2.47 

 
US/I 0.03 0.01 0.17 0.17 -0.28 0.62 

        Runoff CM 0.14 0.30 2.15 0.58 0.62 3.68 

 
CS 0.08 0.01 0.10 0.10 -0.17 0.37 

 
PCA 0.26 0.24 0.91 0.30 0.13 1.69 

 
PCM/I 0.41 0.38 0.93 0.18 0.45 1.42 

 
PCS 0.08 0.07 0.81 0.33 -0.07 1.70 

 
US/I 0.03 0.01 0.27 0.27 -0.44 0.99 

        Summer CM 0.14 0.24 1.70 0.43 0.56 2.84 

 
CS 0.08 0.01 0.15 0.12 -0.17 0.46 

 
PCA 0.26 0.27 1.03 0.24 0.40 1.66 

 
PCM/I 0.41 0.36 0.88 0.16 0.45 1.30 

 
PCS 0.08 0.12 1.54 0.52 0.16 2.93 

 
US/I 0.03 0.00 0.00 0.00 0.00 0.00 

        Winter CM 0.14 0.38 2.69 0.58 1.18 4.21 

 
CS 0.08 0.02 0.23 0.18 -0.25 0.70 

 
PCA 0.26 0.17 0.66 0.25 0.00 1.33 

 
PCM/I 0.41 0.33 0.81 0.19 0.30 1.32 

 
PCS 0.08 0.09 1.14 0.40 0.08 2.19 

 
US/I 0.03 0.01 0.30 0.30 -0.49 1.10 

        Spawning CM 0.14 0.28 1.97 0.52 0.61 3.33 
 CS 0.08 0.02 0.29 0.15 -0.10 0.67 
 PCA 0.26 0.18 0.71 0.22 0.11 1.30 
 PCM/I 0.41 0.46 1.12 0.18 0.65 1.59 
 PCS 0.08 0.06 0.75 0.25 0.10 1.39 
  US/I 0.03 0.00 0.00 0.00 0.00 0.00 
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Appendix Table 13. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for geomorphic reach types used by telemetered Burbot in the Yellowstone 
River from 2005–2009. For reach type II: C (closed rectangles) = confined, P (closed 
circles) = partially confined, and U (closed triangles) = unconfined reaches.  
 

Season 
Reach  
type I 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring C 0.13 0.06 0.44 0.19 -0.01 0.89 

 
P 0.63 0.74 1.19 0.07 1.02 1.36 

 
U 0.25 0.20 0.81 0.17 0.41 1.21 

        Runoff C 0.13 0.03 0.23 0.12 -0.06 0.53 

 
P 0.63 0.77 1.23 0.07 1.06 1.39 

 
U 0.25 0.20 0.82 0.17 0.42 1.23 

        Summer C 0.13 0.02 0.17 0.09 -0.04 0.37 

 
P 0.63 0.55 0.89 0.13 0.58 1.19 

 
U 0.25 0.43 1.72 0.33 0.94 2.49 

        Winter C 0.13 0.05 0.40 0.19 -0.06 0.86 

 
P 0.63 0.63 1.01 0.09 0.78 1.23 

 
U 0.25 0.32 1.29 0.24 0.72 1.86 

        Spawning C 0.13 0.15 1.19 0.55 -0.12 2.50 

 
P 0.63 0.66 1.06 0.13 0.74 1.38 

  U 0.25 0.19 0.76 0.26 0.13 1.39 
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Appendix Table 14. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for seasonal geomorphic reach type II used by telemetered Burbot  in the 
Yellowstone River from 2005–2009. CM = confined meandering, CM = confined 
straight, PCA = partially confined anabranching, PCB = partially confined braided, PCM 
= partially confined meandering, PCM/I = partially confined meandering with islands, 
PCS = partially confined straight, UA = unconfined anabranching, UB = unconfined 
braided, and US/I = unconfined straight with islands.  
 

Season 
Reach  
type 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring CM 0.08 0.04 0.55 0.28 -0.23 1.34 

 
CS 0.05 0.01 0.22 0.16 -0.24 0.68 

 
PCA 0.21 0.23 1.07 0.19 0.54 1.60 

 
PCB 0.05 0.01 0.30 0.21 -0.29 0.88 

 
PCM 0.03 0.09 3.08 0.91 0.53 5.62 

 
PCM/I 0.24 0.27 1.11 0.19 0.57 1.65 

 
PCS 0.08 0.14 1.71 0.45 0.45 2.97 

 
UA 0.16 0.08 0.48 0.14 0.10 0.87 

 
UB 0.07 0.12 1.74 0.47 0.42 3.06 

 
US/I 0.02 0.00 0.00 0.00 0.00 0.00 

        Runoff CM 0.08 0.03 0.36 0.19 -0.18 0.91 

 
CS 0.05 0.00 0.00 0.00 0.00 0.00 

 
PCA 0.21 0.25 1.18 0.21 0.59 1.76 

 
PCB 0.05 0.01 0.21 0.21 -0.38 0.81 

 
PCM 0.03 0.12 4.07 1.28 0.47 7.67 

 
PCM/I 0.24 0.24 1.00 0.17 0.51 1.48 

 
PCS 0.08 0.14 1.76 0.41 0.60 2.92 

 
UA 0.16 0.11 0.68 0.20 0.11 1.25 

 
UB 0.07 0.09 1.33 0.42 0.15 2.50 

 
US/I 0.02 0.00 0.00 0.00 0.00 0.00 

        Summer CM 0.08 0.02 0.20 0.12 -0.13 0.52 

 
CS 0.05 0.01 0.11 0.11 -0.19 0.40 

 
PCA 0.21 0.22 1.05 0.24 0.38 1.73 

 
PCB 0.05 0.00 0.00 0.00 0.00 0.00 

 
PCM 0.03 0.09 2.81 1.17 -0.48 6.10 

 
PCM/I 0.24 0.15 0.61 0.18 0.11 1.12 

 
PCS 0.08 0.10 1.18 0.40 0.07 2.30 

 
UA 0.16 0.06 0.39 0.16 -0.06 0.85 

 
UB 0.07 0.34 4.74 1.20 1.36 8.12 

 
US/I 0.02 0.03 1.32 1.08 -1.71 4.34 
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Winter CM 0.08 0.05 0.62 0.30 -0.23 1.47 

 
CS 0.05 0.00 0.00 0.00 0.00 0.00 

 
PCA 0.21 0.17 0.80 0.21 0.22 1.38 

 
PCB 0.05 0.03 0.50 0.35 -0.48 1.47 

 
PCM 0.03 0.09 2.91 1.01 0.08 5.73 

 
PCM/I 0.24 0.28 1.17 0.23 0.52 1.82 

 
PCS 0.08 0.06 0.78 0.25 0.07 1.49 

 
UA 0.16 0.17 1.05 0.27 0.30 1.80 

 
UB 0.07 0.15 2.13 0.70 0.17 4.10 

 
US/I 0.02 0.00 0.00 0.00 0.00 0.00 

        Spawning CM 0.08 0.13 1.63 0.78 -0.56 3.83 

 
CS 0.05 0.02 0.37 0.37 -0.67 1.41 

 
PCA 0.21 0.23 1.07 0.34 0.11 2.02 

 
PCB 0.05 0.02 0.37 0.38 -0.69 1.43 

 
PCM 0.03 0.02 0.62 0.63 -1.15 2.39 

 
PCM/I 0.24 0.26 1.09 0.29 0.29 1.89 

 
PCS 0.08 0.13 1.63 0.73 -0.40 3.67 

 
UA 0.16 0.15 0.93 0.38 -0.12 1.99 

 
UB 0.07 0.04 0.53 0.38 -0.53 1.60 

  US/I 0.02 0.00 0.00 0.00 0.00 0.00 
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Appendix Table 15. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for geomorphic reach type I used by telemetered Channel Catfish  in the 
Yellowstone River from 2005–2009. For reach type II: C (closed rectangles) = confined, 
P (closed circles) = partially confined, and U (closed triangles) = unconfined reaches.  

Season 
Reach  
type II 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring C 0.14 0.08 0.59 0.19 0.13 1.05 

 
P 0.67 0.66 0.98 0.08 0.79 1.16 

 
U 0.19 0.26 1.40 0.26 0.77 2.02 

        Runoff C 0.14 0.09 0.61 0.20 0.12 1.10 

 
P 0.67 0.63 0.93 0.09 0.73 1.14 

 
U 0.19 0.29 1.54 0.30 0.82 2.26 

        Summer C 0.14 0.09 0.66 0.22 0.14 1.18 

 
P 0.67 0.74 1.10 0.07 0.93 1.27 

 
U 0.19 0.17 0.90 0.19 0.44 1.36 

        Winter C 0.14 0.08 0.59 0.23 0.04 1.14 

 
P 0.67 0.64 0.95 0.09 0.75 1.16 

 
U 0.19 0.28 1.49 0.28 0.81 2.17 

        Spawning C 0.14 0.07 0.53 0.22 0.00 1.05 

 
P 0.67 0.70 1.04 0.09 0.83 1.25 

  U 0.19 0.23 1.21 0.29 0.52 1.91 
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Appendix Table 16. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for seasonal geomorphic reach type II used by telemetered Channel Catfish 
in the Yellowstone River from 2005–2009. CM = confined meandering, CM = confined 
straight, PCA = partially confined anabranching, PCB = partially confined braided, PCM 
= partially confined meandering, PCM/I = partially confined meandering with islands, 
PCS = partially confined straight, UA = unconfined anabranching, and UB = unconfined 
braided.  

Season 
Reach  
type 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring CM 0.09 0.08 0.93 0.30 0.08 1.77 

 
CS 0.05 0.00 0.00 0.00 0.00 0.00 

 
PCA 0.21 0.26 1.26 0.28 0.48 2.04 

 
PCB 0.06 0.01 0.25 0.14 -0.15 0.64 

 
PCM 0.04 0.00 0.12 0.12 -0.22 0.47 

 
PCM/I 0.27 0.26 0.98 0.21 0.39 1.57 

 
PCS 0.09 0.11 1.20 0.38 0.15 2.24 

 
UA 0.15 0.15 0.98 0.25 0.29 1.67 

 
UB 0.04 0.11 2.82 0.88 0.39 5.25 

        Runoff CM 0.09 0.07 0.76 0.29 -0.04 1.56 

 
CS 0.05 0.02 0.34 0.21 -0.24 0.92 

 
PCA 0.21 0.28 1.34 0.27 0.61 2.08 

 
PCB 0.06 0.05 0.85 0.45 -0.39 2.10 

 
PCM 0.04 0.03 0.64 0.54 -0.86 2.14 

 
PCM/I 0.27 0.23 0.85 0.20 0.31 1.40 

 
PCS 0.09 0.04 0.43 0.17 -0.04 0.89 

 
UA 0.15 0.18 1.23 0.31 0.35 2.10 

 
UB 0.04 0.10 2.56 0.93 -0.02 5.15 

        Summer CM 0.09 0.09 0.97 0.33 0.04 1.89 

 
CS 0.05 0.01 0.12 0.13 -0.22 0.47 

 
PCA 0.21 0.29 1.36 0.30 0.54 2.18 

 
PCB 0.06 0.02 0.41 0.25 -0.29 1.12 

 
PCM 0.04 0.01 0.31 0.22 -0.30 0.93 

 
PCM/I 0.27 0.37 1.38 0.25 0.69 2.08 

 
PCS 0.09 0.04 0.48 0.23 -0.15 1.12 

 
UA 0.15 0.09 0.62 0.17 0.14 1.10 

 
UB 0.04 0.07 1.86 0.59 0.22 3.51 

        Winter CM 0.09 0.08 0.85 0.35 -0.12 1.83 

 
CS 0.05 0.01 0.12 0.12 -0.22 0.47 

 
PCA 0.21 0.27 1.30 0.29 0.50 2.11 
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PCB 0.06 0.03 0.56 0.28 -0.21 1.34 

 
PCM 0.04 0.02 0.62 0.47 -0.69 1.92 

 
PCM/I 0.27 0.21 0.77 0.20 0.23 1.32 

 
PCS 0.09 0.10 1.09 0.32 0.20 1.99 

 
UA 0.15 0.14 0.94 0.29 0.13 1.75 

 
UB 0.04 0.14 3.38 0.94 0.77 6.00 

        Spawning CM 0.09 0.06 0.71 0.32 -0.18 1.60 

 
CS 0.05 0.01 0.21 0.21 -0.38 0.80 

 
PCA 0.21 0.30 1.43 0.31 0.57 2.29 

 
PCB 0.06 0.03 0.47 0.30 -0.36 1.30 

 
PCM 0.04 0.01 0.35 0.35 -0.63 1.34 

 
PCM/I 0.27 0.28 1.05 0.25 0.36 1.73 

 
PCS 0.09 0.07 0.82 0.28 0.05 1.59 

 
UA 0.15 0.16 1.08 0.31 0.23 1.93 

  UB 0.04 0.06 1.59 0.79 -0.60 3.78 
 

 

Appendix Table 17. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for geomorphic reach types used by telemetered Spiny Softshells in the 
Yellowstone River from 2005–2009. For reach type I: C (closed rectangles) = confined, P 
(closed circles) = partially confined, and U (closed triangles) = unconfined reaches. The 
dashed line represents a selection ratio of 1 (i.e., no preference), values less than zero 
indicate a reach is used less than expected (avoidance), and values greater than zero 
indicate a reach is used more than expected (preference). Error bars describe 90% 
Bonferroni confidence intervals. 

Season 
Reach  
type I 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring C 0.15 0.10 0.69 0.35 -0.14 1.5179 

 
P 0.61 0.69 1.13 0.12 0.84 1.4088 

 
U 0.24 0.21 0.87 0.24 0.30 1.4454 

        Runoff C 0.15 0.10 0.69 0.42 -0.32 1.70 

 
P 0.61 0.67 1.10 0.14 0.77 1.42 

 
U 0.24 0.23 0.95 0.29 0.25 1.64 

        Summer C 0.15 0.11 0.74 0.35 -0.10 1.59 

 
P 0.61 0.65 1.06 0.11 0.79 1.33 

 
U 0.24 0.24 1.00 0.23 0.44 1.55 

        Winter C 0.15 0.09 0.65 0.31 -0.10 1.39 
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P 0.61 0.64 1.05 0.12 0.77 1.33 

 
U 0.24 0.27 1.09 0.26 0.46 1.72 

        Spawning C 0.15 0.07 0.49 0.26 -0.14 1.12 

 
P 0.61 0.63 1.03 0.13 0.71 1.35 

  U 0.24 0.30 1.22 0.33 0.45 2.00 
 

 

Appendix Table 18. Length, percent available (% Avail.) and used, selection ratio, 
standard error for selection ratio, and lower and upper confidence intervals on the 
selection ratio for seasonal geomorphic reach type II used by telemetered Spiny 
Softshells in the Yellowstone River from 2005–2009. CM = confined meandering, CM = 
confined straight, PCA = partially confined anabranching, PCB = partially confined 
braided, PCM = partially confined meandering, PCM/I = partially confined meandering 
with islands, PCS = partially confined straight, UA = unconfined anabranching, and UB 
= unconfined braided.  

Season 
Reach  
type 

% 
Avail. 

% 
Used Ratio SE LCI UCI 

Spring CM 0.09 0.05 0.58 0.42 -0.59 1.75 

 
CS 0.05 0.05 0.92 0.67 -0.92 2.77 

 
PCA 0.22 0.25 1.10 0.29 0.29 1.92 

 
PCB 0.06 0.01 0.19 0.14 -0.19 0.58 

 
PCM 0.04 0.03 0.72 0.70 -1.23 2.67 

 
PCM/I 0.19 0.29 1.52 0.37 0.50 2.54 

 
PCS 0.09 0.11 1.15 0.60 -0.51 2.81 

 
UA 0.16 0.17 1.04 0.34 0.10 1.99 

 
UB 0.08 0.04 0.50 0.20 -0.06 1.07 

        Runoff CM 0.09 0.05 0.54 0.53 -0.93 2.02 

 
CS 0.05 0.05 0.98 0.80 -1.23 3.19 

 
PCA 0.22 0.25 1.11 0.33 0.20 2.03 

 
PCB 0.06 0.03 0.49 0.37 -0.53 1.51 

 
PCM 0.04 0.04 0.98 0.74 -1.07 3.03 

 
PCM/I 0.19 0.27 1.39 0.40 0.28 2.50 

 
PCS 0.09 0.08 0.87 0.48 -0.46 2.20 

 
UA 0.16 0.20 1.23 0.42 0.07 2.38 

 
UB 0.08 0.03 0.37 0.28 -0.40 1.13 

        Summer CM 0.09 0.06 0.60 0.42 -0.56 1.76 

 
CS 0.05 0.05 1.03 0.72 -0.96 3.03 

 
PCA 0.22 0.27 1.22 0.28 0.44 2.00 

 
PCB 0.06 0.01 0.20 0.12 -0.13 0.52 
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PCM 0.04 0.01 0.24 0.16 -0.22 0.69 

 
PCM/I 0.19 0.25 1.30 0.30 0.47 2.13 

 
PCS 0.09 0.10 1.12 0.44 -0.10 2.35 

 
UA 0.16 0.16 0.95 0.30 0.13 1.78 

 
UB 0.08 0.09 1.06 0.41 -0.08 2.20 

        Winter CM 0.09 0.05 0.53 0.37 -0.50 1.56 

 
CS 0.05 0.04 0.88 0.62 -0.83 2.59 

 
PCA 0.22 0.22 1.00 0.28 0.22 1.78 

 
PCB 0.06 0.01 0.13 0.13 -0.24 0.51 

 
PCM 0.04 0.00 0.00 0.00 0.00 0.00 

 
PCM/I 0.19 0.28 1.43 0.36 0.42 2.44 

 
PCS 0.09 0.13 1.42 0.55 -0.11 2.95 

 
UA 0.16 0.21 1.28 0.37 0.25 2.30 

 
UB 0.08 0.06 0.70 0.32 -0.18 1.58 

        Spawning CM 0.09 0.02 0.23 0.18 -0.26 0.72 

 
CS 0.05 0.05 0.97 0.69 -0.94 2.88 

 
PCA 0.22 0.28 1.26 0.32 0.39 2.14 

 
PCB 0.06 0.01 0.12 0.12 -0.21 0.44 

 
PCM 0.04 0.04 1.04 0.76 -1.06 3.15 

 
PCM/I 0.19 0.21 1.10 0.32 0.20 2.00 

 
PCS 0.09 0.09 0.93 0.48 -0.42 2.27 

 
UA 0.16 0.25 1.52 0.48 0.19 2.85 

  UB 0.08 0.05 0.61 0.27 -0.14 1.36 
 

Appendix Table 19. Number of aggregations by year and total by species in the 
Yellowstone River from 2005–2009. Aggregations are defined as reaches < 1 km with 3 
or more telemetered animals present on the same day.  

  2005 2006 2007 2008 2009 Total 
BLSU 10 11 3 7 

 
31 

BURB 
 

22 11 23 1 57 
CHCA 13 4 1 1 

 
19 

SHST 20 12 14 7 
 

53 
SPSO 13 22 7 1   43 
Pooled 56 71 36 39 1 203 

 

Appendix Table 20. Number of aggregations by month and total by species in the 
Yellowstone River from 2005–2009. Aggregations are defined as reaches < 1 km with 3 
or more telemetered animals present on the same day.  

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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BLSU 
    

1 7 7 5 2 9 
  BRBT 5 2 3 13 13 6 6 5 

 
3 

 
1 

CHCA 2 1 1 
  

2 7 3 2 
  

1 
SHST 1 1 1 6 8 4 7 3 6 9 7 

 SPSO 4 2 3 5 3 2 4 4 4 10 2 
 Pooled 12 6 8 24 25 21 31 20 14 31 9 2 

 

Appendix Table 21. Minimum, mean, and maximum number in aggregation and length of 
reach inhabited by aggregation by species in the Yellowstone River from 2005–2009. 
Aggregations are defined as reaches < 1 km with 3 or more telemetered animals present 
on the same day.  

    Number in aggregation Length of reach  
  N Min Mean Max Min Mean Max 
BLSU 31 3 3.23 5 0 0.01 0.37 
BURB 57 3 3.58 8 0 0.37 1 
CHCA 19 3 3.05 4 0 0.25 1 
SHST 53 3 3.28 5 0 0.37 1 
SPSO 43 3 3.26 5 0 0.15 0.59 
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Appendix Table 22. Aggregations of Blue Suckers in the Yellowstone River from 2005–
2009. Aggregations are defined as reaches < 1 km with 3 or more telemetered Blue 
Suckers present on the same day. Spawning denotes if an aggregation occurred during the 
potential spawning period.  

Date RKM 
Number in  
Aggregation 

Length of  
Reach 

During  
spawning 

7/7/05 293.88 3 0 
 7/11/05 353.93 3 0 
 7/19/05 69.41 3 0 
 8/2/05 225.20 4 0 
 8/3/05 310.55 3 0 
 8/8/05 138.60 3 0 
 8/8/05 128.61 3 0 
 10/6/05 0.80 4 0 
 10/13/05 0.80 3 0 
 10/17/05 0.80 3 0 
 6/10/06 0.80 3 0 Y 

6/15/06 114.56 3 0 Y 
6/18/06 114.56 4 0 Y 
7/11/06 236.52 3 0 

 8/11/06 0.80 3 0 
 9/5/06 305.11 3 0.03 
 9/27/06 0.80 3 0 
 10/11/06 236.52 4 0 
 10/11/06 114.56 3 0 
 10/12/06 114.56 3 0 
 10/16/06 0.80 3 0 
 5/12/07 0.80 3 0 Y 

10/4/07 236.04 3 0 
 10/9/07 0.80 4 0 
 6/11/08 115.04 3 0 Y 

6/12/08 115.04 3 0 Y 
6/19/08 115.04 3 0 Y 
6/29/08 115.04 3 0 Y 
7/1/08 115.04 5 0.37 Y 
7/3/08 114.38 3 0.01 Y 
7/4/08 115.04 3 0 Y 
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Appendix Table 23. Aggregations of Shovelnose Sturgeon in the Yellowstone River from 
2005–2009. Aggregations are defined as reaches < 1 km with 3 or more telemetered 
Shovelnose Sturgeon present on the same day. Spawning denotes if an aggregation 
occurred during the potential spawning period.  

Date RKM 
Number in 
Aggregation 

Length of 
Reach 

During  
spawning 

6/13/05 204.1 3 0 Y 
7/7/05 293.95 3 0 

 7/11/05 354.01 3 0 
 7/27/05 191.51 3 0 
 8/2/05 225.24 3 0 
 8/8/05 128.63 3 0 
 9/19/05 375.52 4 0.32 
 9/28/05 195.45 4 0.65 
 10/4/05 41.07 3 0.18 
 10/7/05 373.96 5 0.93 
 10/12/05 195.31 3 0.02 
 10/20/05 374.06 3 0.11 
 10/20/05 375.44 3 0.03 
 11/2/05 374.04 3 0.07 
 11/2/05 375.43 3 0.05 
 11/7/05 195.33 3 0.06 
 11/8/05 40.67 3 0.32 
 11/23/05 374.12 3 0.08 
 11/23/05 375.49 3 0.03 
 11/25/05 226.6 3 0.21 
 1/4/06 374.03 4 0.14 
 2/24/06 236.57 3 0 
 3/22/06 373.72 4 0.28 
 4/25/06 377.79 3 0.86 
 5/10/06 44.05 3 0.38 
 5/17/06 236.57 3 0 Y 

5/19/06 236.57 3 0 Y 
5/24/06 293.67 3 0.84 Y 
6/9/06 294.51 4 0 Y 

6/13/06 235.85 4 0.28 Y 
9/5/06 375.4 3 0.27 

 10/3/06 232.47 3 0.11 
 4/4/07 201.43 4 0.58 
 4/23/07 375.27 4 0.88 
 5/8/07 202.25 4 0.70 
 5/10/07 236.09 4 0 
 5/23/07 43.85 3 0.09 Y 
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6/6/07 225.87 3 0.90 Y 
7/23/07 26.52 3 0.44 

 8/28/07 374.85 4 0.98 
 9/10/07 374.49 4 0.95 
 9/25/07 226.68 3 0.40 
 9/25/07 375.01 4 0.74 
 10/10/07 202.79 3 1.00 
 10/10/07 374.04 3 0.01 
 10/10/07 375.6 3 0.92 
 4/8/08 375.85 3 0.49 
 4/9/08 202.5 3 1.00 
 4/17/08 202.2 3 0.67 
 5/21/08 43.97 3 0.51 Y 

7/2/08 45.75 3 0.18 
 7/7/08 46.04 3 0.86 
 7/23/08 113.54 3 0.93   

 

Appendix Table 24. Aggregations of Burbot in the Yellowstone River from 2005–2009. 
Aggregations are defined as reaches < 1 km with 3 or more telemetered Burbot present 
on the same day. Spawning denotes if an aggregation occurred during the potential 
spawning period.  

Date RKM 
Number in  
Aggregation 

Length of  
Reach 

During  
spawning 

3/15/06 379.72 3 0 
 3/27/06 297.86 3 0 
 4/2/06 114.24 3 0.20 
 4/4/06 99.18 3 0 
 4/10/06 378.12 3 0 
 4/25/06 378.53 3 0 
 4/27/06 98.71 3 0.02 
 4/27/06 113.61 3 0.82 
 4/29/06 114.56 3 0 
 5/3/06 603.94 3 0 
 5/7/06 378.12 3 0 
 5/8/06 378.12 4 0 
 5/9/06 289.76 3 0.15 
 5/24/06 378.49 6 1.00 
 5/30/06 378.12 3 0 
 5/30/06 603.94 3 0 
 6/7/06 378.21 4 1.00 
 6/14/06 603.86 3 0.24 
 7/5/06 603.86 3 0.16 
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8/7/06 603.86 3 0.16 
 8/15/06 603.05 3 0.73 
 8/28/06 603.05 3 0.73 
 1/4/07 602.73 5 1.00 
 1/18/07 602.73 3 0.56 
 1/31/07 602.97 3 0 
 1/31/07 609.41 3 0.08 
 2/26/07 603.46 4 0.40 Y 

4/9/07 608.28 3 0.16 
 4/25/07 608.44 3 0 
 10/19/07 367.33 4 0 
 10/19/07 400.69 3 0 
 10/26/07 433.24 4 0 
 12/27/07 413.09 3 0.57 
 1/9/08 394.98 3 0.22 
 2/6/08 223.36 3 0.66 Y 

4/8/08 433.22 3 0.08 
 4/10/08 98.63 4 0.71 
 4/16/08 366.14 4 0.94 
 4/18/08 98.65 6 1.00 
 5/5/08 433.19 3 0.11 
 5/8/08 98.71 4 0.58 
 5/16/08 608.36 3 0.05 
 5/19/08 366.27 3 0.79 
 5/21/08 98.65 6 1.00 
 5/22/08 433.32 3 0.92 
 6/5/08 98.65 4 0.98 
 6/11/08 564.6 3 0.4 
 6/18/08 98.65 6 0.96 
 6/30/08 434.54 4 0.43 
 7/2/08 98.63 8 1.00 
 7/9/08 564.68 3 0.08 
 7/14/08 98.65 6 0.51 
 7/16/08 366.37 3 0.63 
 7/17/08 434.24 3 0.74 
 8/27/08 195.59 3 0.07 
 8/28/08 98.65 4 0.23 
 3/3/09 553.82 3 0   
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Appendix Table 25. Aggregations of Channel Catfish in the Yellowstone River from 
2005–2009. Aggregations are defined as reaches < 1 km with 3 or more telemetered 
Channel Catfish present on the same day. Spawning denotes if an aggregation occurred 
during the potential spawning period.  

Date RKM 
Number in 
Aggregation 

Length of 
 Reach 

During  
spawning 

6/8/05 129.44 3 0 
 6/15/05 373.56 3 0.41 
 7/5/05 167.42 3 0 Y 

7/7/05 293.95 3 0 Y 
7/11/05 354.01 3 0 Y 
7/19/05 69.43 3 0 Y 
7/21/05 420.12 3 0 Y 
8/2/05 225.24 3 0 Y 
8/3/05 310.62 3 0 Y 

8/15/05 386.07 3 0 
 9/13/05 418.88 3 0.98 
 9/21/05 128.78 3 1.00 
 12/27/05 68.53 3 0 
 1/5/06 69.86 3 0 
 1/27/06 68.99 3 0.59 
 2/24/06 236.57 4 0 
 3/23/06 68.88 3 1.00 
 7/25/07 338.75 3 0.84 Y 

7/10/08 294.11 3 0 Y 
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Appendix Table 26. Aggregations of Spiny Softshells in the Yellowstone River from 
2005–2009. Aggregations are defined as reaches < 1 km with 3 or more telemetered 
Spiny Softshells present on the same day. Spawning denotes if an aggregation occurred 
during the potential spawning period.  

Date RKM 
Number in 
Aggregation 

Length of 
Reach 

During 
nesting 

7/7/05 293.88 3 0 Y 
7/11/05 353.93 3 0 Y 
7/21/05 420.03 3 0 

 8/3/05 310.55 3 0 
 9/28/05 168.67 3 0.40 
 10/6/05 399.74 4 0 
 10/6/05 418.11 3 0.02 
 10/12/05 168.93 3 0.19 
 10/25/05 168.41 3 0.51 
 10/25/05 399.72 4 0.41 
 10/26/05 168.8 3 0.14 
 11/1/05 399.71 4 0.42 
 11/7/05 168.78 3 0.26 
 1/4/06 168.48 3 0.34 
 1/4/06 399.48 4 0 
 1/26/06 168.4 3 0.34 
 1/26/06 418 3 0 
 2/23/06 169.04 3 0.09 
 2/23/06 399.55 4 0 
 3/8/06 169.01 3 0.02 
 3/8/06 399.34 4 0 
 3/22/06 399.34 4 0 
 4/11/06 399.79 4 0.04 
 4/12/06 169.41 3 0.02 
 4/25/06 399.84 3 0 
 5/8/06 399.8 3 0.43 
 6/21/06 400.03 3 0.11 Y 

6/23/06 104.68 3 0.42 Y 
7/25/06 399.21 4 0.59 

 8/23/06 474.66 3 0.33 
 8/25/06 474.01 5 0.16 
 9/5/06 399.76 3 0.04 
 9/18/06 399.79 3 0.04 
 10/2/06 399.79 3 0.01 
 10/23/06 399.79 3 0.03 
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4/5/07 136.8 3 0.56 
 4/23/07 351.05 3 0 
 5/7/07 399.84 3 0 
 8/28/07 399.8 3 0 
 9/26/07 136.64 3 0.24 
 10/9/07 399.74 3 0.05 
 10/22/07 399.61 3 0.13 
 5/5/08 351.05 3 0   

 

Appendix Table 27. Timing and frequency of passing or being blocked by Huntley 
Diversion in the Yellowstone River from 2005–2009.  

  Passing 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
            BURB 
            CHCA 
            SHST 
            SPSO 
            

 
Blocked 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
            BURB 
            CHCA 
            SHST 
            SPSO                         

 

Appendix Table 28. Timing and frequency of passing or being blocked by Waco 
Diversion in the Yellowstone River from 2005–2009. 

  Passing 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
            BURB 
    

1 
       CHCA 

      
1 

     SHST 
            SPSO 
            

 
Blocked 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
            BURB 
     

1 
      CHCA 

            SHST 
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SPSO                         
 

Appendix Table 29. Timing and frequency of passing or being blocked by Rancher 
Diversion in the Yellowstone River from 2005–2009. 

  Passing 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
            BURB 
            CHCA 
      

1 
     SHST 

            SPSO 
            

 
Blocked 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
            BURB 
            CHCA 
            SHST 
            SPSO                         

 

Appendix Table 30. Timing and frequency of passing or being blocked by Myers 
Diversion in the Yellowstone River from 2005–2009. 

  Passing 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
     

1 3 
     BURB 

            CHCA 
     

1 1 
     SHST 

            SPSO 
            

 
Blocked 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
            BURB 
            CHCA 
            SHST 
            SPSO                         
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Appendix Table 31. Timing and frequency of passing or being blocked by Cartersville 
Diversion in the Yellowstone River from 2005–2009. 

  Passing 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
    

2 5 9 1 
    BURB 

  
1 1 3 

    
1 

  CHCA 
      

1 
     SHST 

            SPSO 
       

1 
    

 
Blocked 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
    

1 
       BURB 

  
3 1 2 

   
1 1 

  CHCA 
   

1 2 
       SHST 

   
5 2 2 3 2 1 

   SPSO           4             
 

Appendix Table 32. Timing and frequency of passing or being blocked by Matthew’s 
Rapids in the Yellowstone River from 2005–2009. 

  Passing 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
    

4 14 14 
 

1 
   BURB 

 
1 

 
1 

        CHCA 
 

1 
 

1 1 2 
  

1 
   SHST 

   
4 6 4 2 

  
1 

  SPSO 
       

1 
    

 
Blocked 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
      

2 1 
    BURB 

            CHCA 
            SHST 
            SPSO                         
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Appendix Table 33. Timing and frequency of passing or being blocked by Wolf rapids in 
the Yellowstone River from 2005–2009. 

  Passing 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
    

6 26 12 1 1 
   BURB 1 

 
1 

 
1 

     
1 2 

CHCA 
    

3 2 
 

2 1 
   SHST 

  
3 7 4 4 7 3 3 1 

  SPSO 
      

1 2 
    

 
Blocked 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
            BURB 
            CHCA 
       

1 1 
   SHST 

            SPSO                         
 

Appendix Table 14. Timing and frequency of passing or being blocked by Intake 
Diversion in the Yellowstone River from 2005–2009. 

  Passing 
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
  

2 1 17 37 4 
 

2 5 1 
 BURB 

    
1 

    
1 

  CHCA 
    

1 2 
      SHST 

   
1 1 

 
1 

     SPSO 
    

1 
  

1 
    

 
Blocked 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BLSU 
    

2 4 
      BURB 

   
5 

      
1 1 

CHCA 
      

1 
     SHST 

  
1 1 4 5 3 1 1 

   SPSO                         
 

 

 



APPENDIX II 
 
 The following are individual movement plots for each monitored animal plotted 

against mean daily discharge from 2005 through 2009 in the Yellowstone River in 

Montana. The first y-axis (left vertical axis) shows river kilometer (rkm) location, solid 

circles connected by a dashed line represent movements of the individual animal, and 

solid triangles represent when animals were located in tributaries. The second y-axis 

(right vertical axis) and the solid gray line show mean daily discharge in cubic feet per 

second (cfs). The x-axis represents time in months and years–and extent of time varies by 

species (Table 1, below). Solid horizontal lines within the plots represent the locations of 

diversions, dotted horizontal lines represent the locations of select tributaries (Table 2, 

below), and not all species plots contain all horizontal lines (Table 1, below). 

 
Table 1. Month and year for the beginning (Begin) and end (End) of the monitoring 
period (Mon. per.) and river kilometer (rkm) maximum for each species. 
 

 Species Mon. per. Species 
Species code Begin End maximum 
Blue Sucker BLSU June 2005 October 2008 455.4 
Burbot BURB November 2005 March 2009 630.7 
Channel Catfish CHCA June 2005 August 2008 576.8 
Shovelnose Sturgeon SHST June 2005 August 2008 378.6 
Spiny Softshell Turtle SPSO June 2005 March 2009 608.2 

 
Table 2. River mile (RM) and river kilometer (RKM) locations of structures included in 
individual movement plots from the upper (top) to lower (bottom) Yellowstone River. 
 

Location RM RKM 
Structure  

type 
Clarks Fork 378.6 609.4 Tributary 
Huntley 351.8 566.2 Diversion 
Waco 316.2 508.9 Diversion 
Bighorn River 294.5 474.0 Tributary 
Rancher 292.0 469.9 Diversion 
Myers 278.1 447.6 Diversion 
Cartersville 235.5 379.0 Diversion 
Tongue River 182.8 294.2 Tributary 
Powder River 146.9 236.4 Tributary 
Intake 71.2 114.6 Diversion 



 
Figure 1. Movements of BLSU #1 (frequency = 420, code = 12, N = 45) 
 

 
Figure 2. Movements of BLSU #2 (frequency = 420, code = 13, N = 2) 
 

 
Figure 3. Movements of BLSU #3 (frequency = 420, code = 15, N = 44) 
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Figure 4. Movements of BLSU #4 (frequency = 420, code = 16, N = 42) 
 

 
Figure 5. Movements of BLSU #5 (frequency = 420, code = 18, N = 2) 
 

 
Figure 6. Movements of BLSU #6 (frequency = 420, code = 19, N = 32) 
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Figure 7. Movements of BLSU #7 (frequency = 420, code = 20, N = 45) 
 

 
Figure 8. Movements of BLSU #8 (frequency = 420, code = 22, N = 39) 
 

 
Figure 9. Movements of BLSU #9 (frequency = 420, code = 24, N = 42) 
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Figure 10. Movements of BLSU #10 (frequency = 420, code = 25, N = 2) 
 

 
Figure 11. Movements of BLSU #11 (frequency = 420, code = 29, N = 26) 
 

 
Figure 12. Movements of BLSU #12 (frequency = 420, code = 32, N = 19) 
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Figure 13. Movements of BLSU #13 (frequency = 420, code = 33, N = 8) 
 

 
Figure 14. Movements of BLSU #14 (frequency = 420, code = 49, N = 35) 
 

 
Figure 15. Movements of BLSU #15 (frequency = 420, code = 57, N = 4) 
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Figure 16. Movements of BLSU #16 (frequency = 420, code = 58, N = 41) 
 

 
Figure 17. Movements of BLSU #17 (frequency = 420, code = 63, N = 7) 
 

 
Figure 18. Movements of BLSU #18 (frequency = 420, code = 65, N = 38) 
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Figure 19. Movements of BLSU #19 (frequency = 420, code = 69, N = 45) 
 

 
Figure 20. Movements of BLSU #20 (frequency = 420, code = 72, N = 42) 
 

 
Figure 21. Movements of BLSU #21 (frequency = 420, code = 74, N = 22) 
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Figure 22. Movements of BLSU #22 (frequency = 420, code = 75, N = 31) 
 

 
Figure 23. Movements of BLSU #23 (frequency = 420, code = 77, N = 47) 
 

 
Figure 24. Movements of BLSU #24 (frequency = 480, code = 15, N = 46) 
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Figure 25. Movements of BLSU #25 (frequency = 480, code = 18, N = 51) 
 

 
Figure 26. Movements of BLSU #26 (frequency = 480, code = 19, N = 39) 
 

 
Figure 27. Movements of BLSU #27 (frequency = 480, code = 23, N = 54) 
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Figure 28. Movements of BLSU #28 (frequency = 480, code = 27, N = 2) 
 

 
Figure 29. Movements of BLSU #29 (frequency = 480, code = 28, N = 41) 
 

 
Figure 30. Movements of BLSU #30 (frequency = 480, code = 30, N = 46) 
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Figure 31. Movements of BLSU #31 (frequency = 480, code = 32, N = 6) 
 

 
Figure 32. Movements of BLSU #32 (frequency = 480, code = 34, N = 44) 
 

 
Figure 33. Movements of BLSU #33 (frequency = 480, code = 35, N = 2) 
 

0

100

200

300

400

500

J A O D F A J A O D F A J A O D F A J A O

●

● ● ●

●

● 0

10,000

20,000

30,000

40,000

50,000

60,000
Ri

ve
r k

ilo
m

et
er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007

0

100

200

300

400

500

J A O D F A J A O D F A J A O D F A J A O

●

●

●

● ●
●

●

●

●●

●●

●
●
●
●

●

●●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●
● ●●●●●

●●
●

●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007

0

100

200

300

400

500

J A O D F A J A O D F A J A O D F A J A O

●
●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007



Figure 34. Movements of BLSU #34 (frequency = 480, code = 36, N = 31) 
 

 
Figure 35. Movements of BLSU #35 (frequency = 480, code = 46, N = 3) 
 

 
Figure 36. Movements of BLSU #36 (frequency = 480, code = 47, N = 48) 
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Figure 37. Movements of BLSU #37 (frequency = 480, code = 61, N = 6) 
 

 
Figure 38. Movements of BLSU #38 (frequency = 480, code = 64, N = 9) 
 

 
Figure 39. Movements of BLSU #39 (frequency = 480, code = 67, N = 52) 
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Figure 40. Movements of BLSU #40 (frequency = 480, code = 79, N = 22) 
 

 
Figure 41. Movements of BURB #1 (frequency = 420, code = 38, N = 9) 
 

 
Figure 42. Movements of BURB #2 (frequency = 420, code = 44, N = 7) 
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Figure 43. Movements of BURB #3 (frequency = 420, code = 45, N = 10) 
 

 
Figure 44. Movements of BURB #4 (frequency = 500, code = 11, N = 12) 
 

 
Figure 45. Movements of BURB #5 (frequency = 500, code = 12, N = 14) 
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Figure 46. Movements of BURB #6 (frequency = 500, code = 13, N = 10) 
 

 
Figure 47. Movements of BURB #7 (frequency = 500, code = 14, N = 13) 
 

 
Figure 48. Movements of BURB #8 (frequency = 500, code = 15, N = 12) 
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Figure 49. Movements of BURB #9 (frequency = 500, code = 16, N = 1) 
 

 
Figure 50. Movements of BURB #10 (frequency = 500, code = 17, N = 12) 
 

 
Figure 51. Movements of BURB #11 (frequency = 500, code = 18, N = 12) 
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Figure 52. Movements of BURB #12 (frequency = 500, code = 19, N = 14) 
 

 
Figure 53. Movements of BURB #13 (frequency = 500, code = 20, N = 13) 
 

 
Figure 54. Movements of BURB #14 (frequency = 500, code = 21, N = 14) 
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Figure 55. Movements of BURB #15 (frequency = 500, code = 22, N = 16) 
 

 
Figure 56. Movements of BURB #16 (frequency = 500, code = 23, N = 12) 
 

 
Figure 57. Movements of BURB #17 (frequency = 500, code = 24, N = 10) 
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Figure 58. Movements of BURB #18 (frequency = 500, code = 25, N = 16) 
 

 
Figure 59. Movements of BURB #19 (frequency = 500, code = 26, N = 15) 
 

 
Figure 60. Movements of BURB #20 (frequency = 500, code = 27, N = 9) 
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Figure 61. Movements of BURB #21 (frequency = 500, code = 28, N = 17) 
 

 
Figure 62. Movements of BURB #22 (frequency = 500, code = 29, N = 16) 
 

 
Figure 63. Movements of BURB #23 (frequency = 500, code = 30, N = 13) 
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Figure 64. Movements of BURB #24 (frequency = 500, code = 31, N = 18) 
 

 
Figure 65. Movements of BURB #25 (frequency = 500, code = 32, N = 10) 
 

 
Figure 66. Movements of BURB #26 (frequency = 500, code = 33, N = 16) 
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Figure 67. Movements of BURB #27 (frequency = 500, code = 34, N = 10) 
 

 
Figure 68. Movements of BURB #28 (frequency = 500, code = 35, N = 15) 
 

 
Figure 69. Movements of BURB #29 (frequency = 500, code = 36, N = 11) 
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Figure 70. Movements of BURB #30 (frequency = 500, code = 37, N = 13) 
 

 
Figure 71. Movements of BURB #31 (frequency = 500, code = 38, N = 8) 
 

 
Figure 72. Movements of BURB #32 (frequency = 500, code = 39, N = 13) 
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Figure 73. Movements of BURB #33 (frequency = 500, code = 40, N = 17) 
 

 
Figure 74. Movements of BURB #34 (frequency = 500, code = 41, N = 14) 
 

 
Figure 75. Movements of BURB #35 (frequency = 500, code = 42, N = 3) 
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Figure 76. Movements of BURB #36 (frequency = 500, code = 43, N = 5) 
 

 
Figure 77. Movements of BURB #37 (frequency = 500, code = 44, N = 1) 
 

 
Figure 78. Movements of BURB #38 (frequency = 500, code = 45, N = 6) 
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Figure 79. Movements of BURB #39 (frequency = 500, code = 47, N = 14) 
 

 
Figure 80. Movements of BURB #40 (frequency = 500, code = 48, N = 10) 
 

 
Figure 81. Movements of BURB #41 (frequency = 500, code = 49, N = 4) 
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Figure 82. Movements of BURB #42 (frequency = 500, code = 50, N = 5) 
 

 
Figure 83. Movements of BURB #43 (frequency = 500, code = 51, N = 3) 
 

 
Figure 84. Movements of BURB #44 (frequency = 500, code = 52, N = 7) 
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Figure 85. Movements of BURB #45 (frequency = 500, code = 53, N = 11) 
 

 
Figure 86. Movements of BURB #46 (frequency = 500, code = 54, N = 8) 
 

 
Figure 87. Movements of BURB #47 (frequency = 500, code = 55, N = 6) 
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Figure 88. Movements of BURB #48 (frequency = 500, code = 56, N = 5) 
 

 
Figure 89. Movements of BURB #49 (frequency = 500, code = 57, N = 6) 
 

 
Figure 90. Movements of BURB #50 (frequency = 500, code = 58, N = 9) 
 

0

100

200

300

400

500

600

700

D F A J A O D F A J A O D F A J A O D F

●● ●●●

0

10,000

20,000

30,000

40,000

50,000

60,000
Ri

ve
r k

ilo
m

et
er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007 2009

0

100

200

300

400

500

600

700

D F A J A O D F A J A O D F A J A O D F

● ●●●●●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007 2009

0

100

200

300

400

500

600

700

D F A J A O D F A J A O D F A J A O D F

●●●●●●●●●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007 2009



 
Figure 91. Movements of BURB #51 (frequency = 500, code = 59, N = 8) 
 

 
Figure 92. Movements of BURB #52 (frequency = 500, code = 60, N = 2) 
 

 
Figure 93. Movements of BURB #53 (frequency = 600, code = 11, N = 7) 
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Figure 94. Movements of BURB #54 (frequency = 600, code = 12, N = 13) 
 

 
Figure 95. Movements of BURB #55 (frequency = 600, code = 13, N = 12) 
 

 
Figure 96. Movements of BURB #56 (frequency = 600, code = 14, N = 11) 
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Figure 97. Movements of BURB #57 (frequency = 600, code = 15, N = 12) 
 

 
Figure 98. Movements of BURB #58 (frequency = 600, code = 16, N = 9) 
 

 
Figure 99. Movements of BURB #59 (frequency = 600, code = 17, N = 30) 
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Figure 100. Movements of BURB #60 (frequency = 600, code = 18, N = 9) 
 

 
Figure 101. Movements of BURB #61 (frequency = 600, code = 19, N = 10) 
 

 
Figure 102. Movements of BURB #62 (frequency = 600, code = 20, N = 11) 
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Figure 103. Movements of BURB #63 (frequency = 600, code = 21, N = 10) 
 

 
Figure 104. Movements of BURB #64 (frequency = 600, code = 22, N = 5) 
 

 
Figure 105. Movements of BURB #65 (frequency = 600, code = 23, N = 22) 
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Figure 106. Movements of BURB #66 (frequency = 600, code = 24, N = 2) 
 

 
Figure 107. Movements of BURB #67 (frequency = 600, code = 25, N = 33) 
 

 
Figure 108. Movements of BURB #68 (frequency = 600, code = 26, N = 13) 
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Figure 109. Movements of BURB #69 (frequency = 600, code = 27, N = 7) 
 

 
Figure 110. Movements of BURB #70 (frequency = 600, code = 28, N = 16) 
 

 
Figure 111. Movements of BURB #71 (frequency = 600, code = 29, N = 11) 
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Figure 112. Movements of BURB #72 (frequency = 600, code = 30, N = 5) 
 

 
Figure 113. Movements of BURB #73 (frequency = 600, code = 31, N = 11) 
 

 
Figure 114. Movements of BURB #74 (frequency = 600, code = 32, N = 14) 
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Figure 115. Movements of BURB #75 (frequency = 600, code = 33, N = 19) 
 

 
Figure 116. Movements of BURB #76 (frequency = 600, code = 34, N = 17) 
 

 
Figure 117. Movements of BURB #77 (frequency = 600, code = 35, N = 23) 
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Figure 118. Movements of BURB #78 (frequency = 600, code = 36, N = 23) 
 

 
Figure 119. Movements of BURB #79 (frequency = 600, code = 37, N = 16) 
 

 
Figure 120. Movements of BURB #80 (frequency = 600, code = 38, N = 13) 
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Figure 121. Movements of BURB #81 (frequency = 600, code = 39, N = 5) 
 

 
Figure 122. Movements of BURB #82 (frequency = 600, code = 40, N = 7) 
 

 
Figure 123. Movements of BURB #83 (frequency = 600, code = 41, N = 6) 
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Figure 124. Movements of BURB #84 (frequency = 600, code = 42, N = 12) 
 

 
Figure 125. Movements of BURB #85 (frequency = 600, code = 43, N = 3) 
 

 
Figure 126. Movements of BURB #86 (frequency = 600, code = 44, N = 12) 
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Figure 127. Movements of BURB #87 (frequency = 600, code = 45, N = 13) 
 

 
Figure 128. Movements of BURB #88 (frequency = 600, code = 46, N = 4) 
 

 
Figure 129. Movements of BURB #89 (frequency = 600, code = 47, N = 12) 
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Figure 130. Movements of BURB #90 (frequency = 600, code = 48, N = 9) 
 

 
Figure 131. Movements of BURB #91 (frequency = 600, code = 49, N = 11) 
 

 
Figure 132. Movements of BURB #92 (frequency = 600, code = 50, N = 11) 
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Figure 133. Movements of BURB #93 (frequency = 600, code = 51, N = 8) 
 

 
Figure 134. Movements of BURB #94 (frequency = 600, code = 74, N = 3) 
 

 
Figure 135. Movements of BURB #95 (frequency = 600, code = 75, N = 19) 
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Figure 136. Movements of BURB #96 (frequency = 600, code = 76, N = 14) 
 

 
Figure 137. Movements of BURB #97 (frequency = 600, code = 77, N = 9) 
 

 
Figure 138. Movements of BURB #98 (frequency = 600, code = 78, N = 18) 
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Figure 139. Movements of BURB #99 (frequency = 600, code = 79, N = 29) 
 

 
Figure 140. Movements of BURB #100 (frequency = 600, code = 80, N = 15) 
 

 
Figure 141. Movements of BURB #101 (frequency = 600, code = 81, N = 16) 
 

0

100

200

300

400

500

600

700

D F A J A O D F A J A O D F A J A O D F

●● ●● ● ●●●● ● ● ●●● ●● ●●●●●●●●●●●●●

0

10,000

20,000

30,000

40,000

50,000

60,000
Ri

ve
r k

ilo
m

et
er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007 2009

0

100

200

300

400

500

600

700

D F A J A O D F A J A O D F A J A O D F

● ●● ● ●●●● ● ●●● ●● ●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007 2009

0

100

200

300

400

500

600

700

D F A J A O D F A J A O D F A J A O D F

● ●● ● ●●●● ● ● ● ●●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007 2009



 
Figure 142. Movements of BURB #102 (frequency = 600, code = 82, N = 10) 
 

 
Figure 143. Movements of BURB #103 (frequency = 600, code = 83, N = 20) 
 

 
Figure 144. Movements of BURB #104 (frequency = 600, code = 84, N = 20) 
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Figure 145. Movements of BURB #105 (frequency = 600, code = 85, N = 37) 
 

 
Figure 146. Movements of BURB #106 (frequency = 600, code = 86, N = 11) 
 

 
Figure 147. Movements of BURB #107 (frequency = 600, code = 87, N = 8) 
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Figure 148. Movements of BURB #108 (frequency = 600, code = 89, N = 15) 
 

 
Figure 149. Movements of BURB #109 (frequency = 600, code = 90, N = 9) 
 

 
Figure 150. Movements of BURB #110 (frequency = 600, code = 93, N = 8) 
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Figure 151. Movements of BURB #111 (frequency = 600, code = 94, N = 18) 
 

 
Figure 152. Movements of BURB #112 (frequency = 600, code = 95, N = 9) 
 

 
Figure 153. Movements of BURB #113 (frequency = 600, code = 108, N = 9) 
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Figure 154. Movements of BURB #114 (frequency = 600, code = 110, N = 3) 
 

 
Figure 155. Movements of BURB #115 (frequency = 600, code = 111, N = 4) 
 

 
Figure 156. Movements of BURB #116 (frequency = 600, code = 112, N = 9) 
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Figure 157. Movements of BURB #117 (frequency = 600, code = 113, N = 6) 
 

 
Figure 158. Movements of BURB #118 (frequency = 600, code = 114, N = 4) 
 

 
Figure 159. Movements of BURB #119 (frequency = 600, code = 115, N = 8) 
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Figure 160. Movements of BURB #120 (frequency = 600, code = 117, N = 7) 
 

 
Figure 161. Movements of BURB #121 (frequency = 600, code = 120, N = 6) 
 

 
Figure 162. Movements of BURB #122 (frequency = 600, code = 122, N = 7) 
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Figure 163. Movements of BURB #123 (frequency = 600, code = 123, N = 7) 
 

 
Figure 164. Movements of BURB #124 (frequency = 600, code = 124, N = 4) 
 

 
Figure 165. Movements of CHCA #1 (frequency = 420, code = 13a, N = 14) 
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Figure 166. Movements of CHCA #2 (frequency = 420, code = 13b, N = 5) 
 

 
Figure 167. Movements of CHCA #3 (frequency = 420, code = 60a, N = 15) 
 

 
Figure 168. Movements of CHCA #4 (frequency = 420, code = 60b, N = 25) 
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Figure 169. Movements of CHCA #5 (frequency = 420, code = 66b, N = 6) 
 

 
Figure 170. Movements of CHCA #6 (frequency = 420, code = 71a, N = 17) 
 

 
Figure 171. Movements of CHCA #7 (frequency = 420, code = 71b, N = 8) 
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Figure 172. Movements of CHCA #8 (frequency = 420, code = 14, N = 7) 
 

 
Figure 173. Movements of CHCA #9 (frequency = 420, code = 17, N = 12) 
 

 
Figure 174. Movements of CHCA #10 (frequency = 420, code = 26, N = 2) 
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Figure 175. Movements of CHCA #11 (frequency = 420, code = 28, N = 2) 
 

 
Figure 176. Movements of CHCA #12 (frequency = 420, code = 34, N = 20) 
 

 
Figure 177. Movements of CHCA #13 (frequency = 420, code = 35, N = 3) 
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Figure 178. Movements of CHCA #14 (frequency = 420, code = 36, N = 6) 
 

 
Figure 179. Movements of CHCA #15 (frequency = 420, code = 37, N = 3) 
 

 
Figure 180. Movements of CHCA #16 (frequency = 420, code = 39, N = 8) 
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Figure 181. Movements of CHCA #17 (frequency = 420, code = 40, N = 5) 
 

 
Figure 182. Movements of CHCA #18 (frequency = 420, code = 41, N = 5) 
 

 
Figure 183. Movements of CHCA #19 (frequency = 420, code = 42, N = 14) 
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Figure 184. Movements of CHCA #20 (frequency = 420, code = 45, N = 10) 
 

 
Figure 185. Movements of CHCA #21 (frequency = 420, code = 46, N = 16) 
 

 
Figure 186. Movements of CHCA #22 (frequency = 420, code = 55, N = 6) 
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Figure 187. Movements of CHCA #23 (frequency = 420, code = 56, N = 14) 
 

 
Figure 188. Movements of CHCA #24 (frequency = 420, code = 57, N = 16) 
 

 
Figure 189. Movements of CHCA #25 (frequency = 420, code = 61, N = 11) 
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Figure 190. Movements of CHCA #26 (frequency = 420, code = 62, N = 18) 
 

 
Figure 191. Movements of CHCA #27 (frequency = 420, code = 64, N = 45) 
 

 
Figure 192. Movements of CHCA #28 (frequency = 420, code = 66, N = 21) 
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Figure 193. Movements of CHCA #29 (frequency = 420, code = 70, N = 2) 
 

 
Figure 194. Movements of CHCA #30 (frequency = 420, code = 73, N = 29) 
 

 
Figure 195. Movements of CHCA #31 (frequency = 420, code = 78, N = 23) 
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Figure 196. Movements of CHCA #32 (frequency = 420, code = 17b, N = 5) 
 

 
Figure 197. Movements of CHCA #33 (frequency = 420, code = 23a, N = 17) 
 

 
Figure 198. Movements of CHCA #34 (frequency = 420, code = 23b, N = 16) 
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Figure 199. Movements of CHCA #35 (frequency = 420, code = 26b, N = 2) 
 

 
Figure 200. Movements of CHCA #36 (frequency = 420, code = 43a, N = 9) 
 

 
Figure 201. Movements of CHCA #37 (frequency = 420, code = 43b, N = 2) 
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Figure 202. Movements of CHCA #38 (frequency = 420, code = 51a, N = 6) 
 

 
Figure 203. Movements of CHCA #39 (frequency = 420, code = 51b, N = 15) 
 

 
Figure 204. Movements of CHCA #40 (frequency = 420, code = 52a, N = 2) 
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Figure 205. Movements of CHCA #41 (frequency = 420, code = 52b, N = 13) 
 

 
Figure 206. Movements of CHCA #42 (frequency = 420, code = 55b, N = 8) 
 

 
Figure 207. Movements of CHCA #43 (frequency = 420, code = 76a, N = 15) 
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Figure 208. Movements of CHCA #44 (frequency = 420, code = 76b, N = 19) 
 

 
Figure 209. Movements of CHCA #45 (frequency = 480, code = 11, N = 2) 
 

 
Figure 210. Movements of CHCA #46 (frequency = 480, code = 58a, N = 27) 
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Figure 211. Movements of CHCA #47 (frequency = 480, code = 58b, N = 9) 
 

 
Figure 212. Movements of CHCA #48 (frequency = 480, code = 59a, N = 2) 
 

 
Figure 213. Movements of CHCA #49 (frequency = 480, code = 59b, N = 5) 
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Figure 214. Movements of CHCA #50 (frequency = 480, code = 69b, N = 8) 
 

 
Figure 215. Movements of CHCA #51 (frequency = 480, code = 71a, N = 3) 
 

 
Figure 216. Movements of CHCA #52 (frequency = 480, code = 71b, N = 3) 
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Figure 217. Movements of CHCA #53 (frequency = 480, code = 12, N = 2) 
 

 
Figure 218. Movements of CHCA #54 (frequency = 480, code = 13, N = 4) 
 

 
Figure 219. Movements of CHCA #55 (frequency = 480, code = 14, N = 12) 
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Figure 220. Movements of CHCA #56 (frequency = 480, code = 27, N = 11) 
 

 
Figure 221. Movements of CHCA #57 (frequency = 480, code = 31, N = 2) 
 

 
Figure 222. Movements of CHCA #58 (frequency = 480, code = 38, N = 2) 
 

0

100

200

300

400

500

600

J A O D F A J A O D F A J A O D F A J A

●●●●
●
● ●● ●●●

0

10,000

20,000

30,000

40,000

50,000

60,000
Ri

ve
r k

ilo
m

et
er

Di
sc

ha
rg

e 
(m

3 /s
 )

Date
2005 20082006 2007

0

100

200

300

400

500

600

J A O D F A J A O D F A J A O D F A J A

● ●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(m

3 /s
 )

Date
2005 20082006 2007

0

100

200

300

400

500

600

J A O D F A J A O D F A J A O D F A J A

●

●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(m

3 /s
 )

Date
2005 20082006 2007



 
Figure 223. Movements of CHCA #59 (frequency = 480, code = 40, N = 17) 
 

 
Figure 224. Movements of CHCA #60 (frequency = 480, code = 42, N = 39) 
 

 
Figure 225. Movements of CHCA #61 (frequency = 480, code = 43, N = 46) 
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Figure 226. Movements of CHCA #62 (frequency = 480, code = 45, N = 55) 
 

 
Figure 227. Movements of CHCA #63 (frequency = 480, code = 48, N = 5) 
 

 
Figure 228. Movements of CHCA #64 (frequency = 480, code = 54, N = 49) 
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Figure 229. Movements of CHCA #65 (frequency = 480, code = 61, N = 3) 
 

 
Figure 230. Movements of CHCA #66 (frequency = 480, code = 63, N = 2) 
 

 
Figure 231. Movements of CHCA #67 (frequency = 480, code = 64, N = 8) 
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Figure 232. Movements of CHCA #68 (frequency = 480, code = 65, N = 6) 
 

 
Figure 233. Movements of CHCA #69 (frequency = 480, code = 68, N = 16) 
 

 
Figure 234. Movements of CHCA #70 (frequency = 480, code = 69, N = 2) 
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Figure 235. Movements of CHCA #71 (frequency = 480, code = 72, N = 8) 
 

 
Figure 236. Movements of CHCA #72 (frequency = 480, code = 73, N = 6) 
 

 
Figure 237. Movements of CHCA #73 (frequency = 480, code = 74, N = 3) 
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Figure 238. Movements of CHCA #74 (frequency = 480, code = 77, N = 33) 
 

 
Figure 239. Movements of CHCA #75 (frequency = 480, code = 78, N = 13) 
 

 
Figure 240. Movements of CHCA #76 (frequency = 480, code = 22a, N = 2) 
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Figure 241. Movements of CHCA #77 (frequency = 480, code = 22b, N = 8) 
 

 
Figure 242. Movements of CHCA #78 (frequency = 480, code = 24a, N = 2) 
 

 
Figure 243. Movements of CHCA #79 (frequency = 480, code = 24b, N = 4) 
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Figure 244. Movements of CHCA #80 (frequency = 480, code = 26a, N = 20) 
 

 
Figure 245. Movements of CHCA #81 (frequency = 480, code = 26b, N = 6) 
 

 
Figure 246. Movements of CHCA #82 (frequency = 480, code = 55a, N = 2) 
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Figure 247. Movements of CHCA #83 (frequency = 480, code = 55b, N = 9) 
 

 
Figure 248. Movements of CHCA #84 (frequency = 480, code = 56a, N = 4) 
 

 
Figure 249. Movements of CHCA #85 (frequency = 480, code = 56b, N = 14) 
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Figure 250. Movements of CHCA #86 (frequency = 600, code = 11, N = 12) 
 

 
Figure 251. Movements of CHCA #87 (frequency = 600, code = 12, N = 2) 
 

 
Figure 252. Movements of CHCA #88 (frequency = 600, code = 13, N = 6) 
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Figure 253. Movements of CHCA #89 (frequency = 600, code = 15, N = 2) 
 

 
Figure 254. Movements of CHCA #90 (frequency = 600, code = 16, N = 9) 
 

 
Figure 255. Movements of CHCA #91 (frequency = 600, code = 18, N = 10) 
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Figure 256. Movements of CHCA #92 (frequency = 600, code = 19, N = 6) 
 

 
Figure 257. Movements of CHCA #93 (frequency = 600, code = 26, N = 3) 
 

 
Figure 258. Movements of CHCA #94 (frequency = 600, code = 27, N = 4) 
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Figure 259. Movements of CHCA #95 (frequency = 600, code = 34, N = 15) 
 

 
Figure 260. Movements of CHCA #96 (frequency = 600, code = 39, N = 10) 
 

 
Figure 261. Movements of CHCA #97 (frequency = 600, code = 52, N = 13) 
 

0

100

200

300

400

500

600

J A O D F A J A O D F A J A O D F A J A

●●●●
●

●
●●●● ● ●●● ●

0

10,000

20,000

30,000

40,000

50,000

60,000
Ri

ve
r k

ilo
m

et
er

Di
sc

ha
rg

e 
(m

3 /s
 )

Date
2005 20082006 2007

0

100

200

300

400

500

600

J A O D F A J A O D F A J A O D F A J A

●

● ● ●●●●●● ●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(m

3 /s
 )

Date
2005 20082006 2007

0

100

200

300

400

500

600

J A O D F A J A O D F A J A O D F A J A

●●●●●●● ●● ● ●● ●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(m

3 /s
 )

Date
2005 20082006 2007



 
Figure 262. Movements of CHCA #98 (frequency = 600, code = 53, N = 2) 
 

 
Figure 263. Movements of CHCA #99 (frequency = 600, code = 54, N = 10) 
 

 
Figure 264. Movements of CHCA #100 (frequency = 600, code = 55, N = 16) 
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Figure 265. Movements of CHCA #101 (frequency = 600, code = 56, N = 19) 
 

 
Figure 266. Movements of CHCA #102 (frequency = 600, code = 57, N = 10) 
 

 
Figure 267. Movements of CHCA #103 (frequency = 600, code = 58, N = 12) 
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Figure 268. Movements of CHCA #104 (frequency = 600, code = 59, N = 11) 
 

 
Figure 269. Movements of CHCA #105 (frequency = 600, code = 60, N = 8) 
 

 
Figure 270. Movements of SHST #1 (frequency = 420, code = 11, N = 41) 
 

0

100

200

300

400

500

600

J A O D F A J A O D F A J A O D F A J A

●●

●●●●

● ●● ● ●

0

10,000

20,000

30,000

40,000

50,000

60,000
Ri

ve
r k

ilo
m

et
er

Di
sc

ha
rg

e 
(m

3 /s
 )

Date
2005 20082006 2007

0

100

200

300

400

500

600

J A O D F A J A O D F A J A O D F A J A

●●●● ●●● ●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(m

3 /s
 )

Date
2005 20082006 2007

0

100

200

300

400

J A O D F A J A O D F A J A O D F A J A

●

●●●●● ● ●
●●

●● ●

●
●

●●

●

●●● ● ● ●
● ●●●

●

●
●

●

● ● ●● ●●●

●

●

0

10,000

20,000

30,000

40,000

50,000

60,000

Ri
ve

r k
ilo

m
et

er

Di
sc

ha
rg

e 
(ft

3 /s
 )

Date
2005 20082006 2007



 
Figure 271. Movements of SHST #2 (frequency = 420, code = 21, N = 36) 
 

 
Figure 272. Movements of SHST #3 (frequency = 420, code = 27, N = 40) 
 

 
Figure 273. Movements of SHST #4 (frequency = 420, code = 30, N = 49) 
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Figure 274. Movements of SHST #5 (frequency = 420, code = 31, N = 52) 
 

 
Figure 275. Movements of SHST #6 (frequency = 420, code = 47, N = 57) 
 

 
Figure 276. Movements of SHST #7 (frequency = 420, code = 48, N = 39) 
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Figure 277. Movements of SHST #8 (frequency = 420, code = 50, N = 46) 
 

 
Figure 278. Movements of SHST #9 (frequency = 420, code = 53, N = 47) 
 

 
Figure 279. Movements of SHST #10 (frequency = 420, code = 54, N = 46) 
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Figure 280. Movements of SHST #11 (frequency = 420, code = 59, N = 53) 
 

 
Figure 281. Movements of SHST #12 (frequency = 420, code = 61, N = 22) 
 

 
Figure 282. Movements of SHST #13 (frequency = 420, code = 67, N = 2) 
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Figure 283. Movements of SHST #14 (frequency = 420, code = 79, N = 51) 
 

 
Figure 284. Movements of SHST #15 (frequency = 420, code = 80, N = 53) 
 

 
Figure 285. Movements of SHST #16 (frequency = 480, code = 16, N = 48) 
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Figure 286. Movements of SHST #17 (frequency = 480, code = 17, N = 51) 
 

 
Figure 287. Movements of SHST #18 (frequency = 480, code = 20, N = 46) 
 

 
Figure 288. Movements of SHST #19 (frequency = 480, code = 21, N = 42) 
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Figure 289. Movements of SHST #20 (frequency = 480, code = 25, N = 53) 
 

 
Figure 290. Movements of SHST #21 (frequency = 480, code = 29, N = 46) 
 

 
Figure 291. Movements of SHST #22 (frequency = 480, code = 33, N = 43) 
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Figure 292. Movements of SHST #23 (frequency = 480, code = 37, N = 20) 
 

 
Figure 293. Movements of SHST #24 (frequency = 480, code = 39, N = 50) 
 

 
Figure 294. Movements of SHST #25 (frequency = 480, code = 41, N = 53) 
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Figure 295. Movements of SHST #26 (frequency = 480, code = 44, N = 49) 
 

 
Figure 296. Movements of SHST #27 (frequency = 480, code = 50, N = 51) 
 

 
Figure 297. Movements of SHST #28 (frequency = 480, code = 51, N = 50) 
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Figure 298. Movements of SHST #29 (frequency = 480, code = 52, N = 47) 
 

 
Figure 299. Movements of SHST #30 (frequency = 480, code = 53, N = 41) 
 

 
Figure 300. Movements of SHST #31 (frequency = 480, code = 57, N = 45) 
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Figure 301. Movements of SHST #32 (frequency = 480, code = 60, N = 49) 
 

 
Figure 302. Movements of SHST #33 (frequency = 480, code = 66, N = 56) 
 

 
Figure 303. Movements of SHST #34 (frequency = 480, code = 70, N = 48) 
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Figure 304. Movements of SHST #35 (frequency = 480, code = 72, N = 3) 
 

 
Figure 305. Movements of SHST #36 (frequency = 480, code = 76, N = 59) 
 

 
Figure 306. Movements of SHST #37 (frequency = 480, code = 80, N = 58) 
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Figure 307. Movements of SPSO #1 (frequency = 480, code = 102, N = 4) 
 

 
Figure 308. Movements of SPSO #2 (frequency = 480, code = 106, N = 2) 
 

 
Figure 309. Movements of SPSO #3 (frequency = 480, code = 107, N = 18) 
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Figure 310. Movements of SPSO #4 (frequency = 480, code = 108, N = 9) 
 

 
Figure 311. Movements of SPSO #5 (frequency = 480, code = 109, N = 8) 
 

 
Figure 312. Movements of SPSO #6 (frequency = 480, code = 110, N = 22) 
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Figure 313. Movements of SPSO #7 (frequency = 480, code = 111, N = 12) 
 

 
Figure 314. Movements of SPSO #8 (frequency = 480, code = 113, N = 17) 
 

 
Figure 315. Movements of SPSO #9 (frequency = 480, code = 116, N = 15) 
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Figure 316. Movements of SPSO #10 (frequency = 480, code = 117, N = 10) 
 

 
Figure 317. Movements of SPSO #11 (frequency = 480, code = 118, N = 4) 
 

 
Figure 318. Movements of SPSO #12 (frequency = 480, code = 119, N = 11) 
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Figure 319. Movements of SPSO #13 (frequency = 480, code = 120, N = 11) 
 

 
Figure 320. Movements of SPSO #14 (frequency = 480, code = 121, N = 12) 
 

 
Figure 321. Movements of SPSO #15 (frequency = 480, code = 122, N = 11) 
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Figure 322. Movements of SPSO #16 (frequency = 480, code = 123, N = 11) 
 

 
Figure 323. Movements of SPSO #17 (frequency = 480, code = 124, N = 14) 
 

 
Figure 324. Movements of SPSO #18 (frequency = 420, code = 81, N = 43) 
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Figure 325. Movements of SPSO #19 (frequency = 420, code = 82, N = 42) 
 

 
Figure 326. Movements of SPSO #20 (frequency = 420, code = 83, N = 36) 
 

 
Figure 327. Movements of SPSO #21 (frequency = 420, code = 84, N = 35) 
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Figure 328. Movements of SPSO #22 (frequency = 420, code = 85, N = 34) 
 

 
Figure 329. Movements of SPSO #23 (frequency = 420, code = 87, N = 33) 
 

 
Figure 330. Movements of SPSO #24 (frequency = 420, code = 88, N = 42) 
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Figure 331. Movements of SPSO #25 (frequency = 420, code = 89, N = 28) 
 

 
Figure 332. Movements of SPSO #26 (frequency = 420, code = 91, N = 17) 
 

 
Figure 333. Movements of SPSO #27 (frequency = 420, code = 92, N = 17) 
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Figure 334. Movements of SPSO #28 (frequency = 420, code = 93, N = 22) 
 

 
Figure 335. Movements of SPSO #29 (frequency = 420, code = 94, N = 37) 
 

 
Figure 336. Movements of SPSO #30 (frequency = 420, code = 95, N = 31) 
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Figure 337. Movements of SPSO #31 (frequency = 420, code = 96, N = 26) 
 

 
Figure 338. Movements of SPSO #32 (frequency = 420, code = 97, N = 47) 
 

 
Figure 339. Movements of SPSO #33 (frequency = 420, code = 98, N = 38) 
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Figure 340. Movements of SPSO #34 (frequency = 420, code = 99, N = 38) 
 

 
Figure 341. Movements of SPSO #35 (frequency = 420, code = 100, N = 21) 
 

 
Figure 342. Movements of SPSO #36 (frequency = 480, code = 81, N = 40) 
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Figure 343. Movements of SPSO #37 (frequency = 480, code = 82, N = 33) 
 

 
Figure 344. Movements of SPSO #38 (frequency = 480, code = 83, N = 12) 
 

 
Figure 345. Movements of SPSO #39 (frequency = 480, code = 84, N = 21) 
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Figure 346. Movements of SPSO #40 (frequency = 480, code = 85, N = 41) 
 

 
Figure 347. Movements of SPSO #41 (frequency = 480, code = 86, N = 35) 
 

 
Figure 348. Movements of SPSO #42 (frequency = 480, code = 87, N = 34) 
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Figure 349. Movements of SPSO #43 (frequency = 480, code = 88, N = 34) 
 

 
Figure 350. Movements of SPSO #44 (frequency = 480, code = 89, N = 44) 
 

 
Figure 351. Movements of SPSO #45 (frequency = 480, code = 90, N = 6) 
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Figure 352. Movements of SPSO #46 (frequency = 480, code = 91, N = 40) 
 

 
Figure 353. Movements of SPSO #47 (frequency = 480, code = 92, N = 11) 
 

 
Figure 354. Movements of SPSO #48 (frequency = 480, code = 93, N = 23) 
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Figure 355. Movements of SPSO #49 (frequency = 480, code = 94, N = 18) 
 

 
Figure 356. Movements of SPSO #50 (frequency = 480, code = 95, N = 30) 
 

 
Figure 357. Movements of SPSO #51 (frequency = 480, code = 96, N = 40) 
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Figure 358. Movements of SPSO #52 (frequency = 480, code = 97, N = 27) 
 

 
Figure 359. Movements of SPSO #53 (frequency = 480, code = 98, N = 36) 
 

 
Figure 360. Movements of SPSO #54 (frequency = 480, code = 99, N = 29) 
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