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the model is well calibrated (Figures 24 and 25).  Unfortunately, specific data are not available to 
quantify the uncertainty in the depth and velocity criteria for the habitat units.   
 
To assess the overall uncertainty in relative area of the four habitat types that were identified 
using hydraulic criteria (slackwater, flat, riffle and run), a Monte Carlo simulation was performed 
using the variability between the measured and modeled hydraulic data and assumed uncertainty 
in the hydraulic criteria.  The results of this analysis should be viewed as a sensitivity analysis 
since it is not possible to quantify the uncertainty in the hydraulic criteria with the available 
information.  The simulation was performed using the following procedure: 
 

1. The values for the depth and hydraulic criteria shown in Figure 34 were adjusted by 
adding a normally distributed, random value with mean of zero and an assumed upper 
and lower 90 percent confidence bound.  For purposes of this sensitivity analysis, it was 
assumed that the upper and lower 90% confidence bounds on the velocity boundary 
between slackwater and flat/run habitat is +/-0.125 feet (i.e., +/-25%), and between flat 
and riffle habitat is +/-0.25 feet.  It was also assumed that the 90% confidence bounds on 
the depth boundary between the flat/riffle and run habitat is +/-0.25 feet. 

2. The modeled depth and velocity at each of the approximately 120,000 model nodes was 
adjusted by adding a normally distributed, random value with mean and standard 
deviation matching the variability between the measured and modeled values.  During the 
field surveys, individual depth and velocity measurements were taken at 87 locations 
within the site (Figure 26).  The differences between the measured and modeled values 
are normally distributed, with mean and standard deviation of +10.6% and +/-30.8%, 
respectively, for the velocities and +5.7% and +/- 45.3%, respectively, for the depths.    

3. The area within each of the four habitat types was recomputed based on the randomly 
adjusted habitat criteria and hydraulic conditions. 

4. The above steps were repeated 1,000 times for each modeled discharge to develop 
composite uncertainty bands about the best-estimate values. 

5. The distribution of the resulting habitat areas at each discharge was analyzed to develop 
overall uncertainty bands on the best-estimate values. 

 
The results of this simulation indicate that the uncertainty bands generally decrease with 
increasing discharge (Figures 38a through 38d).  The uncertainty bands on the slackwater habitat 
range from +/-2.8 percent at 4,300 cfs to +/-3.8 percent at 6,000 cfs, and this decreases to about 
+/-0.1 percent at high flows (Figure 44a).  Similarly, the uncertainty bands for the flat habitat 
range from about 6.9 percent at 4,300 cfs to about +/-0.2 percent at 40,000 cfs, +/-5.7 percent at 
4,300 cfs to +/-2.9 percent at 40,000 cfs for the riffle habitat and +/-7.8 percent at 4,300 cfs to +/-
3.1 percent at 40,000 cfs for the run habitat.  A test run for 6,000 cfs results indicates that the 
uncertainty in the modeled depth and velocities contribute only a very small amount to the overall 
variability in the estimates; nearly all of the variability is associated with the assumed uncertainty 
in the hydraulic criteria used to identify the habitat types. 
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Table 10.  Summary of Habitat Classes 

Habitat Class Description 
Hydraulic Criteria 

Depth  
(feet) 

Velocity  
(fps) 

Connection 
to River 

Slackwater 

Standing or extremely low-velocity water that is 
often partially isolated from the primary flow 
channel and is generally located on the 
downstream end of exposed bars. 

No depth 
requirement < 0.5 

Yes, but 
often 

limited 

Flat 

Subaqueous bed with relatively shallow depth and 
low to moderate velocity generally located on the 
top of an actively migrating linguoid bar.  
Resembles a mild riffle.  Minor ripples are likely 
to be present along the bed. 

< 1.5 < 2 Yes 

Riffle 

Somewhat shallow area of relatively high 
velocity.  Often located between pools and runs.  
Typically slightly steeper than a flat with higher 
velocities.  Low amplitude dunes are likely to be 
present along the bed. 

< 1.5 > 2 Yes 

Run 

Deeper than average flow area with typically 
higher velocities.  Actively migrating dunes are 
likely to be present along the bed in higher 
velocity zones; ripples could be present in low 
velocity zones. 

> 1.5 > 0.5 Yes 

Isolated Pool 

Off-channel area with pooled standing water, no 
velocity and no connection to other open water 
habitat.  Frequently formed by local scour at 
higher flows. 

N/A N/A No 

Plunge1 
Areas of rapid depth increase and typically 
velocity decrease.  Often located along the 
margins of an actively migrating linguoid bar. 

* * Yes 

Note: 
1 Plunge areas were identified based on flow depths relative to the depth of the topographic plunge 

feature (see text). 

Water Quality Measures 
All water quality parameters exhibited variation among transects and among sample episodes, as 
shown in Table 11 (Figures 39, 40, and 41).  However, analysis of variance results indicate that 
all water quality parameters were different among sample dates (P < 0.01), except for water 
velocities (P > 0.95), as shown in Table 12.  The statistical power calculated for each water 
quality variable was high (Power > 0.99), suggesting that samples sizes were large enough to 
detect an effect for these variables.  These findings corroborate differences identified in the 
analysis of variance and likely reflect real flow, water quality, and possibly habitat differences 
among the sampling periods. 
 

Table 11.  Mean Values for the Water Quality Parameters Measured on the Platte River, 
2008-2009 

 N Temperature 
(oC) 

Dissolved Oxygen 
(mg/l) 

Conductivity 
(µS/cm) 

Turbidity 
(NTU) 

Depth 
(ft) 

Velocity 
(ft/s) 

July 2008 35 27.1 9.0 700 399 2.63 1.76 
September 2008 46 21.9 11.1 568 88 1.98 1.81 
May 2009 37 21.2 11.6 574 50 1.64 1.80 
        
Power  >0.99 >0.99 >0.99 >0.99 >0.99 >0.99 
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Table 12.  Results from Analysis of Variance for Water Quality Parameters Measured on 

the Platte River, 2008-2009 
Variable P Phase Comparison1,2 

Temperature < 0.001 I > II = III 
Dissolved Oxygen < 0.001 III > II > I 
Conductivity < 0.001 I > II = III 
Turbidity < 0.001 I > II = III 
Depth < 0.002 I = II; II = III; I > III 
Velocity > 0.95 I = II = III 

Notes: 
1 Phase I – July 2008, Phase II – September 2008, 

Phase III – May 2009.   
2 Phase comparisons represent post-hoc Tukeys 

comparisons to determine differences among Phases. 
 

The water quality data collected during the May 2009 data collection effort was plotted versus 
discharge.  Conductivity versus discharge and Turbidity versus discharge are shown in Figure 42, 
and Temperature versus discharge and Dissolved Oxygen versus discharge are shown in Figure 
43.  The respective water quality parameters recorded at the Louisville gage for the mean daily 
discharge are also plotted on Figures 42 and 43.   

Interpretation and Analysis 

Discussion 
This Study used 1D and 2D models to evaluate the distribution of depths and velocities across a 
range of discharges within the Study Reach between a relatively low flow of 3,700 cfs and the 
near-bankfull flow of 40,000 cfs.  Generally, the amount of relatively deep and swift habitat (i.e., 
Run habitat) increases with increasing discharge, whereas the amount of shallow and lower 
velocity habitat (i.e., Slackwater and Flat habitat) decreases with increasing discharge, as 
expected.  These results should provide a means of assessing availability and changes in habitat 
for species of concern such as the pallid sturgeon with changes in discharge. 
 
Peters and Parham (2008) reported that pallid sturgeon captures most often occurred in the 
deepest and swiftest areas of the Platte River and that these habitat types were used more 
frequently than would be expected if used at random.  Radio telemetry data further suggests that 
Platte River pallid sturgeon were typically found in depths ranging from 2 to 5.9 feet and average 
bottom velocities that ranged from 0.6 to 1.9 feet per second (Peters and Parham, 2008).  Pallid 
sturgeon collected in the Platte River during 2009 were found in a similar range of depths (1.0 to 
5.9 feet) and similar to greater bottom velocities (0.9 to 3.1 feet per second) (Pegg, unpublished).  
The depth and velocity information from these studies suggest that the Run and Plunge habitat 
classes identified in this study are likely most suitable as pallid sturgeon habitats.  Considering 
this information and the information provided by this Study that evaluates changes in habitat 
availability with discharge (Figures 37 and 38), it can be concluded that changes in habitat areas 
as a result of 100 or 500 cfs environmental releases would have a negligible influence on pallid 
sturgeon habitat in the lower Platte River. 
 
For example, the historical median discharge at Louisville in April, May and June, months during 
which the pallid sturgeon have been known to migrate and spawn, is approximately 7,000 cfs 
(Figure 2).  Assuming an additional 1,000 cfs of Program water could be delivered to Grand 
Island, approximately 900 cfs would reach Louisville (Figure 4a).  Based on the relationships 
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shown in Figures 37 and 38, the Run classification represents approximately 53% (± 7%) of the 
habitat area at 7,000 cfs and approximately 57% (± 6%) of the area at 7,900 cfs, an increase of 
about 4%.  This is represented graphically in Figure 44.  Similarly, the Flat classification 
represents approximately 25% (± 6%) and 23% (± 5%) of the habitat area at 7,000 and 7,900 cfs, 
respectively, an approximately 2% reduction.  Finally, the Riffle category represents 
approximately 11% (± 4%) and 10% (± 4%) of the habitat area at 7,000 and 7,900 cfs, 
respectively, an approximately 1% reduction.   In assessing the results of this example, it should 
be noted that the changes in relative area occupied by each habitat type are within the uncertainty 
bands of the analysis.  In addition, the uncertainty in daily flow at the Louisville gage for the 
months of April, May, and June is approximately 800 cfs (Table 5); thus, the predicted change in 
discharge is only slightly larger than the uncertainty.  This is not to suggest that the gage would 
not detect the change in flow, but the magnitude of the change in discharge is subject to the same 
uncertainty as the overall flow.  In addition, based on the flow translation analysis for this Study, 
it was difficult to differentiate the water pulse flow from other water management activities in the 
lower Platte River.  Finally, the increase in discharge does not move the conductivity, turbidity, 
temperature, or dissolved oxygen outside the typical range preferred by pallid sturgeon (Figures 
42 and 43).   
 
Similarly, a decrease in flow at Grand Island of 1,000 cfs would translate to an approximately 900 
cfs decrease in flow at Louisville (Figure 4a).  As represented graphically in Figure 45, the Run 
classification represents approximately 53% (± 7%) of the habitat area at 7,000 cfs, and 
approximately 50% (± 7%) at 6,100 cfs, a reduction of 3%.  The Flat classification represents 
approximately 25% (± 6%) and 26% (± 6%) of the area at 7,000 and 6,100 cfs, respectively, only 
a 1% increase.  Finally, the Riffle category is approximately 11% (± 4%) and 12% (± 5%) of the 
habitat area at 7,000 and 6,100 cfs, respectively, an increase of 1%.  
 
Program activities may include regulating or trimming the hydrograph in the central Platte River.  
One proposed Program action is to divert flows above target in an effort to re-time flows for 
release during periods of interest or concern.  Based on this stage change study, the % habitat in 
the lower Platte River experiences a relatively high rate of change for flows ranging between 
4,000 cfs to 6,000 cfs.  In addition, some literature has suggested connectivity concerns at the 
lower end of this range (Peters and Parham, 2008).  In order to estimate the flow affect, and 
subsequent change in stage, in the lower Platte River for flow regulation, the results of this stage 
change study were coupled with a review of historic flow records.  The analysis is detailed in 
Appendix G, and is summarized in this section.   
 
Assuming Program diversions would only occur in March, April, October, and November, the 
days in which the mean daily flow at Louisville was between 4,000 cfs and 6,000 cfs for the 
period of record were cataloged.  This data set was filtered based on the corresponding flows at 
Grand Island (assuming travel time) being above target flow assuming a dry hydrologic 
condition.  Finally, from this filtered data set, flows in excess of target flows at Grand Island were 
diverted, and the diversion amount was translated to Louisville and subtracted from the 
corresponding mean daily flow, again assuming travel time.  The following table summarizes the 
results: 
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Table 13.  Excess to Target Flows at Grand Island vs. Flows at Louisville  
Between 4,000 and 6,000 cfs 

Condition 

# of Days 
for Period 
of Record 

# of Days 
Between 4,000 
and 6,000 cfs 
@ Louisville 

# of Target 
Exceedences 

@ Grand 
Island 

# of Days 
Below 

4,000 cfs @ 
Louisville 

Range of 
Flows Below 
4,000 cfs @ 
Louisville 

# of Consecutive 
Days Below  

4,000 cfs 
Spring 3,976 847 145 11 30 to 950 2 days (once) 
Fall 4,017 1127 635 184 9 to 1380 2 days (16 times) 

3 days (10 times) 
4 days (3 times) 
5 days (once) 
6 days (2 times) 
7 days (once) 
8 days (3 times) 
14 days (once) 

 
 
For the March to April period, the largest amount of flow that could have been diverted for the 
sample set occurred on March 22, 1972.  Flow at Grand Island was 3,190 cfs, thereby allowing 
the program to divert 1,990 cfs above the target of 1,200 cfs.  Based on this stage change study, 
approximately 88% of the flow would have reached Louisville, which would have reduced the 
flow at Louisville from 5,040 cfs to 3,290 cfs.  Utilizing the relationship in Figures 37 and 38, the 
Run classification would have been reduced from approximately 45% (± 8%) of the habitat area 
to approximately 34% (± 8%) of the habitat area, a decrease of 1%.  The Flat classification would 
have been increased from approximately 30% (± 7%) to 40% (± 8%) of the habitat area, a 10% 
increase.  Finally, the Riffle classification occupies about 14% (±6%) of the habitat area at both 
discharges, increasing by less than 1%.   The decrease in discharge does not move the 
conductivity, turbidity, temperature, or dissolved oxygen outside the typical range preferred by 
pallid sturgeon (Figures 42 and 43).   
 
For the October to November period, the largest amount of flow that could have been diverted for 
the sample set occurred on November 25, 1972.  Flow at Grand Island was 2,550 cfs, thereby 
allowing the program to divert 1,950 cfs above the target of 600 cfs.  Based on this stage change 
study, approximately 85% of the flow would have reached Louisville, which would have reduced 
the flow at Louisville from 5,860 cfs to 4,200 cfs.  Based on the relationships shown in Figures 
37 and 38, the Run classification would have been reduced from approximately 49% (± 8%) of 
the habitat area to 40% (± 8%) of the area, a decrease of 9%.  The Flat classification would have 
increase from 27% (± 6%) to 34% (± 7%) of the habitat area, a 7% increase.  Finally, the Riffle 
category would have increased from approximately 13% (± 5%) to 15% (± 6%) of the habitat 
area, a 2% increase.   The decrease in discharge does not move the conductivity, turbidity, 
temperature, or dissolved oxygen outside the typical range preferred by pallid sturgeon (Figures 
42 and 43). 
 
Existing and new data collection efforts on the Platte River for sturgeon species (shovelnose and 
pallid) suggest that these species use the river during spring and fall.  Maintaining suitable habitat 
is critical for spawning (spring) and possibly for staging areas for overwintering or upcoming 
spawning movements (fall).  Spring is likely the most critical period so that should be protected 
as best possible.  However, catch rates during fall 2009 sampling showed a significant pallid 
sturgeon presence in the Platte River as well.  The issue at hand would likely be loss of habitat 
connectivity that prevents movements should flows be reduced significantly during spring and/or 
fall during diversion.  Diversion of flows would likely be limited to one or a few days during any 
season given the information above.  This duration of diversion would likely not have a long-term 
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influence on habitat connectivity, although short term connectivity could be problematic.  
However, these data suggest that proper monitoring of water levels in the lower Platte River and 
corrective actions implemented during diversions could prevent substantial negative impacts. 
 
Not addressed in this scope of work are connectivity and temporal availability issues.  From a 
connectivity standpoint, pallid sturgeon are typically found in deep, swift waters.  If sturgeon are 
not able or willing to move through shallow water environments, then access to some habitat may 
be limited at smaller discharges.  For example, Figure F3 shows that Run and Plunge habitats are 
mostly connected across the width of the river, or at least could be navigated, at 6,000 cfs.  
Discharges less than 6,000 cfs may lower water elevations enough to limit access for pallid 
sturgeon if they will not or cannot move through Flat or Slackwater habitat.  This means that all 
of the potential habitat identified from the model results may not always be accessible.   
 
Seasonal aspects of the hydrograph and use of the Platte River by pallid sturgeon should also be 
considered.  Until recently, the Platte River was believed to be used primarily during spring and 
early summer (Peters and Parham, 2008).  However, pallid sturgeon have recently been captured 
in the Lower Platte River during the summer and early autumn months (Pegg, unpublished), 
suggesting that at least some individuals may use the river for longer periods of time than 
originally thought.  This also highlights the need to understand the life-cycles of pallid sturgeon 
to ensure that timing of releases does not significantly interfere with life-history requirements.  
For example, pallid sturgeon and many other riverine fishes have evolved to use the natural 
increase in spring flows to initiate spawning behaviors.  Additional water released at this time 
may be less stressful, whereas water released in late summer could stimulate a behavioral 
response counter to the needs of the species that could conceivably isolate individuals in marginal 
or unsuitable habitats when the water releases cease.  
 
Depth and velocity are two important variables in defining useable fish habitat for single or 
multiple species conservation, and are typically used to define suitable habitat in lotic systems.  
However, Annear et al. (2004) highlight that these two variables when used alone are not 
sufficient to fully constitute a species-habitat relationship.  Other variables such as those 
associated with water quality (e.g., nutrients or pollutants), biotic interactions (e.g., predator-prey 
dynamics), timing of habitat availability, connectivity of appropriate habitats to allow movement, 
food availability, and appropriate substrate types are also important in defining the number and 
types of fishes found in a given area.  Therefore, the results from this Study should be used as one 
part of a larger perspective on available habitat rather than an absolute factor in driving 
conclusions and decisions related to population dynamics. 
 
One of the issues when dealing with water quantity in the lower Platte River is centered on the 
question “Will pallid sturgeon habitat be influenced by environmental releases that benefit tern 
and plover nesting activities in the middle Platter River?” and related questions.  The information 
in this report that characterizes the present water management scheme for the lower Platte River 
predicts the amount of water that reaches the lower end of the system, and assuming careful 
consideration of the timing of the water releases when they occur in the future, it seems there 
would be little change to the amount of habitat available to pallid sturgeon in this reach of the 
river.  The implication is not that pallid sturgeon populations will or will not be affected, as this is 
outside the scope of this Study, but rather that the relative change in habitat would be very small 
to undetectable and thus these changes should not provide additional stress to the pallid sturgeon 
population. 
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