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Multiply By To obtain

Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
mile, nautical (nmi) 1.852 kilometer (km)
yard (yd) 0.9144 meter (m)

Area
acre 4,047 square meter (m2)
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acre 0.4047 square hectometer (hm2) 
acre 0.004047 square kilometer (km2)
square foot (ft2) 929.0 square centimeter (cm2)
square foot (ft2)  0.09290 square meter (m2)
square inch (in2) 6.452 square centimeter (cm2)
section (640 acres or 1 square mile) 259.0 square hectometer (hm2) 
square mile (mi2) 259.0 hectare (ha)

square mile (mi2)  2.590 square kilometer (km2) 
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Abstract
As with all large rivers in the United States, the Missouri 

River has been altered, with approximately one-third of the 
mainstem length impounded and one-third channelized. These 
physical alterations to the environment have affected the fish 
populations, but studies examining the effects of alterations 
have been localized and for short periods of time, thereby 
preventing generalization. In response to the U.S. Fish and 
Wildlife Service Biological Opinion, the U.S. Army Corps of 
Engineers (USACE) initiated monitoring of habitat improve-
ments of the Missouri River in 2005. The goal of the Habitat 
Assessment Monitoring Program (HAMP) is to provide infor-
mation on the response of target fish species to the USACE 
habitat creation on the Lower Missouri River. To determine 
the statistical power of the HAMP and in cooperation with 
USACE, a power analysis was conducted using a normal lin-
ear mixed model with variance component estimates based on 
the first complete year of data. At a level of 20/16 (20 bends 
with 16 subsamples in each bend), at least one species/month/
gear model has the power to determine differences between 
treated and untreated bends. The trammel net in September 
had the most species models with adequate power at the 20/16 
level and overall, the trammel net had the most species/month 
models with adequate power at the 20/16 level. However, 
using only one gear or gear/month combination would elimi-
nate other species of interest, such as three chub species (Mac-
rhybopsis meeki, Macrhybopsis aestivalis, and Macrhybopsis 
gelida), sand shiners (Notropis stramineus), pallid sturgeon 
(Scaphirhynchus albus), and juvenile sauger (Sander canaden-
sis). Since gear types are selective in their species efficiency, 
the strength of the HAMP approach is using multiple gears 
that have statistical power to differentiate habitat treatment 
differences in different fish species within the Missouri River. 
As is often the case with sampling rare species like the pallid 
sturgeon, the data used to conduct the analyses exhibit some 
departures from the parametric model assumptions. However, 

preliminary simulations indicate that the results of this study 
are appropriate for application to the HAMP study design. 

Introduction

The Missouri River is 4,180 kilometers (km, 2,597 miles) 
long (Galat and others, 2005a) and drains one-sixth of the 
contiguous United States (1,396,117 km2; fig. 1). The drainage 
basin includes parts of 10 states and two Canadian provinces; 
70.3 percent of the basin drains the semi-arid Great Plains 
physiographic province (Galat and others, 2005a). As with all 
large rivers in the United States, the Missouri River channel 
has been substantially altered, with approximately one-third 
of the mainstem length impounded and one-third channelized 
[1960 river miles for the Missouri River, U.S. Army Corps of 
Engineers (USACE); 1999 National Hydrography Dataset, 
U.S. Geological Survey (USGS), and U.S. Environmental 
Protection Agency]. The Missouri River sustains the largest 
reservoir system in the United States with six large mainstem 
reservoirs in North and South Dakota and Montana. The lower 
1,300 km has no mainstem reservoirs, but the lower 1,204 km 
riverine channel has been extensively modified and channel-
ized (Galat and others, 2005a). 

In the lower Missouri River, physical riverine habitat 
alterations and floodplain land-use practices (Hesse and others, 
1989; Pinter, 2005) have changed the riverine habitat diver-
sity and channel geometry (Hesse and Sheets, 1993; Hallberg 
and others, 1979). In certain areas, constriction of the chan-
nel by levees and channel-training structures has resulted in 
increases of flood elevations of as much as 3 to 4 meters (m) 
in the last century (Criss and Shock, 2001; Pinter and Heine, 
2005; Ehlmann and Criss, 2006). In other areas, the river bed 
has degraded due to engineering modifications and dredging 
(Jacobson and others, 2009). Mainstem reservoirs also have 
altered discharge variation (Galat and Lipkin, 2000; Pegg 
and others, 2003), and in combination with channelization, 
reduced suspended sediment concentration or load more than 
70 percent (Blevins, 2006, 70 to 80 percent concentration 
reduction; Jacobson and others, 2009, 83 to 99.8 percent load 
reduction).
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Physical alterations of the Lower Missouri River have 
been associated with biological consequences including 
decreases in fish populations (Pflieger and Grace, 1987; Hesse 
and Sheets, 1993; Hesse, 1996), decreases in Missouri River 
floodplain native flora and fauna (Whitmore and Keenlyne, 
1990), and a decrease in aquatic benthic insect production 
as indicated by a decrease of 61 percent in a backwater area 
downstream from the Niobrara River confluence (Mestl and 
Hesse, 1993). Although physical changes have received the 
most attention, they have been accompanied by other potential 
stressors such as increases in chemical contaminants (Petty 
and others, 1995, 1998; Meade, 1995) and the introduction of 
nonnative species (currently 20 percent of fish species for the 
entire basin, Galat and others, 2005b).

In response to the U.S. Fish and Wildlife Service 
(USFWS; U.S. Fish and Wildlife Service, 2000, 2003), the 
USACE initiated construction and monitoring of habi-
tat in the Missouri River as a “Reasonable and Prudent 
Alternative”. The goal of the Habitat Assessment Moni-
toring Program (HAMP) is to monitor physical and bio-
logical responses to the USACE habitat creation actions. 
Habitat creation has focused on efforts to increase the 
channel topwidth and habitat complexity by notching 
wing dikes, disconnectiong dikes from the bank, lower-
ing portions of dikes, and constructing new dike struc-
tures to re-align flow (http://www.moriverrecovery.org/
mrrp/f?p=136:131:3068441738170982::NO:::). Through 
the HAMP (with technical assistance from the USGS and 
in cooperation with the USACE), selected state and federal 
agencies (Missouri Department of Conservation, Nebraska 

Game and Parks Commission, and USFWS–Columbia 
National Fish and Wildlife Conservation Office) sampled 
river bends from the Lower Missouri River (1,204 km) 
beginning in 2004. By 2006, the program had included 
bends upstream and downstream in the sampling from 
Kansas City, Missouri. The HAMP focuses on nine Mis-
souri River benthic community fish species (table 1, at the 
back of this report). These species and their Missouri River 
populations represent the Missouri River native benthic fish 
community, or are species with populations under conserva-
tion concern, or both.

To produce the most efficient and effective sampling 
possible in the HAMP, a power analysis was suggested by the 
Sustainable Ecosystem Institute (SEI) in their independent 
science reviews (Sustainable Ecosystem Institute, 2005, 2007). 
The purpose of the power analysis is to determine the most 
efficient combination of numbers of bends and gear deploy-
ments within a bend to detect differences between treated and 
untreated bends. Previous studies have examined the power to 
detect differences in treatments using a mixed model approach 
(Murray, 1998; Littell and others, 2006). Typically, testing for 
trends proceeds using a t-test on the fixed effect for trend with 
the proper variance term obtained from the model (Sims and 
others, 2006). A previous study by Bryan and others (in press) 
used an Analysis of Variance (ANOVA) with an F-distribution 
to determine the power of the Pallid Sturgeon Population 
Assessment Program (PSPAP) with a nested experimental 
design. Using the same approach, we took advantage of the 
HAMP nested sampling design (table 2, at the back of this 
report) and conducted a power analysis using a standard 

USGS Missouri River InfoLINK
  http://infolink.cr.usgs.gov/2002

8  Lower Ponca Bend (kilometers 1,207.0)—Platte River (kilometers 958.4)
9  Platte River—Kansas River (kilometers 591.4)

10  Kansas River—Grand River (kilometers 402.3)

13  Grand River—Osage River (kilometers 209.2)

14  Osage River—Mississippi River (kilometers 0)

Missouri River source
(Gatatin, Madison, and
Jefferson Rivers)

Missouri
River
mouth

EXPLANATION

Segment boundaries

0 60 120 180 KILOMETERS

0 60 120 180 MILES

Figure 1.  The segments designated in the Habitat Assessment Monitoring Program on the Missouri River.
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ANOVA formulation with multiple fixed effects (universe, 
bend radius, and treatment) and nested random effects (gear 
deployment within bend), which results in a F-test for the 
main effect due to treatment. Note when only two levels are 
considered, the F-test and the t-test are the same (Neter and 
others, 1996).

Since the HAMP sampling design assumes bend radius 
is an important factor in selection of sampling bends, we also 
conducted an analysis to test this hypothesis. This analysis 
examines the catch of shovelnose sturgeon (Scaphirhynchus 
platorynchus) from the PSPAP and whether catch varies with 
degrees of radius of river bend curvature. 

Methods
The following summarizes the HAMP methods relevant 

to the power analysis. The HAMP has design features and 
methodology that are similar to the PSPAP (Drobish, 2005a). 
More detail is given in the HAMP standard operating pro-
cedures (Sampson and Drobish, written commun., 2008). 
Specifically, the Missouri River is divided into multiple seg-
ments (fig. 1) because of the general physical characteristics 
and human modifications, and the segments are similar to 
those used in the Missouri River Benthic Fishes Study (Berry 
and others, 2004). These segments are defined by changes 
in physical attributes such as water temperature, turbidity, 
degrading or aggrading stream bed, stream gradient, natural 
hydrograph, spillway releases, and flow fluctuations (Drobish, 
2005a). Only part of the lower Missouri River is channelized; 
consequently, the HAMP contains bends from downstream of 
river kilometer 1,207 (Sampson and Drobish, written com-
mun., 2008).

Due to the longitudinal variation in the Missouri River, 
this program was divided into two different universes. The 
upper universe is segments 8 and 9, the lower universe is 
segments 10, 13, and 14 (fig. 1). In each universe and seg-
ment, a set of bends was designated for sampling. In this 
program, a river bend is the experimental unit, or scale, at 
which the measurements are replicated. A river bend is defined 
as “beginning at the origin of each channel crossover and will 
include the adjacent downstream outside bend/inside bend 
complex” (Drobish, 2005a). This includes any islands, second-
ary channels, and tributary mouths. The initial bend selection 
was developed to randomly represent each treatment; conse-
quently, it is considered as a random variable for this analysis.

Sampling year began on October 31 of the preceding 
calendar year and ended on October 30 of the present calendar 
year (for example, the 2006 year would have begun on October 
31, 2005, and ended on October 30, 2006). For this analysis, 
data collected only from year 2006 were used in the analysis.

In the HAMP, three types of bends received structure 
modification: control, before/after, and impact. The control 
bends do not have any modifications to the dikes (for exam-
ple, lowered, partial removal or the addition of new dike 

structures), and are maintained normally. The impact bends 
were modified before the study began. The before/after 
bends are currently in the ‘before’ portion of HAMP, and at 
some time will be modified in the future. Consequently, in 
calculating the variance components, the control and before/
after bends were combined into one non-treatment group 
and the impact bends are the treatment group. This gives 
variance components and mean differences that estimate 
the difference between the two treatment groups. Assuming 
the before/after group will be the same as the impact group 
at the end of the study, this difference between the non-
treatment and treatment groups represents the difference 
between the control and impact bends at the beginning of 
the study or the control and the before/after bends at the end 
of the study.

The last factor that was used in HAMP is a physical char-
acteristic of a bend, the radius of curvature. Each bend chosen 
was from two radius categories: 25th percentile radius and 
75th percentile radius. The 25th percentile level is when the 
curvature of the bend was in the 25th percentile or below of all 
bends in the channelized Missouri River. The 75th percentile 
radius level was designated when the curvature of the bend 
was in the 75th percentile or above of all bends. 

Gear Type

Within each bend, different habitats are sampled using 
specific standard gear types implemented with the same 
methodology as PSPAP (Sampson and Drobish, written 
commun., 2008). Only the standard gears that were deployed 
consistently throughout year 2006 were used in this study. 
Active gears included otter trawl (OT), and trammel net (TN) 
whereas passive gears included gill net (GN) and mini-fyke 
net (MF) (Drobish, 2005b, for details on gear specifications). 
Active gears moved toward the fish, whereas fish moved 
toward the net in the passive gears. Hoop nets, beach seines, 
or beam trawls were not included in our analysis because of 
the inconsistent use of these gears throughout the months. All 
standard gears were not used consistently among universe, 
radius, or treatment. Consequently, HAMP was only fully 
implemented in 2006 for all factors (universe, radius, and 
treatment) during July through September using OT and TN 
and August through September in the upper universe using 
MF. Our analysis is restricted to these months and gears. 
For this analysis, we assume that gear efficiency remained 
constant during all sampling conditions.

Following Berry and others (2004) and Arab and others 
(2008), the unit of measure for all active gears was catch per 
unit area (CPUA). In this report, CPUA for each active gear 
deployment was based on the minimum deployment area of 
that gear. This scalar is unique to each gear type and was used 
in this analysis. The minimum deployment area for an OT was 
360 m2 (square meters) or 4.9 m wide by 75 m long and TN 
was 2,858 m2 or 38.1 m wide by 75 m long. Consequently, 
the scalar for the OT was 360 and TN was 2,858. Twelve TN 
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deployments were not at the standard width of 38.1 m and one 
TN deployment was not at the standard length of 75 m; these 
samples were removed from the analysis.

The unit of measure for all passive gears was catch per 
unit effort (CPUE) based on time. The CPUE for each passive 
gear deployment was based the minimum deployment time. 
For both gears this was 12 hours; consequently, the scalar for 
MF and GN was 12. Sixty MF and one GN deployments did 
not have a recorded stop time and four MF deployments did 
not have a recorded start time; these samples were removed 
from the analysis.

Subsample

Each gear deployment in a bend was considered a sub-
sample. For each gear type, the subsamples were dispersed 
evenly throughout the bend. 

Analysis

A separate analysis was performed for each fish species. If 
mature and juvenile fish were caught (table 1), then additional 
analyses were performed separately for each maturity size for 
each species. Following Berry and others (2004), no analyses 
were conducted on Hybognathus spp. [plains minnow (H. placi-
tus), and western silvery minnow (H. argyritis)] because of dif-
ficulties in identifying individual species and because individual 
species tended to be zoogeographically separated.

Within each month and species, the same set of criteria 
used by Berry and others, (2004) was used to filter the data 
for the different levels of analysis. The criteria were applied to 
the data to provide a consistent decision process for statistical 
analysis for each species. In addition, imposing the criteria 
helps provide a set of data that are closer to satisfying the 
parametric model assumptions (for example, normality and 
homoskedastic variance), although some departures from the 
assumptions still remain. The criteria were applied to all gear 
deployments that had no missing variables or information. 
Due to the structured experimental design of this study, the 
criterion that removed data that occurred less than 5 percent of 
the time was not used for this analysis. The only criterion used 
was that one fish had to be collected for a given month, uni-
verse, radius, or gear to be included in the analysis. If no fish 
were caught in one treatment level, but some in the other, the 
power analysis assumed the zero was real. If in the future this 
assumption proves false, the power analysis presented in this 
report will be overestimated; consequently, the results from 
these results should be interpreted with caution as denoted in 
the accompanying tables by superscripts. 

Bend Radius Analysis

To examine whether bend radius should be a group-
ing factor in the HAMP analysis, the PSPAP catch data were 

analyzed using bend radius as a predictor variable. In the 
analysis of the PSPAP data, the shovelnose sturgeon captures 
were used only because all species had non-normal distribu-
tions, and only the shovelnose sturgeon distribution was close 
enough to normal for an analysis (Scheffe, 1959; Milliken 
and Johnson, 1984). We only included catches using OT, TN 
and GN from segments 8, 9, 10, 13, 14 and years 2003-2005. 
The data used in this analysis were used in a previous power 
analysis (Bryan and others, in press), which includes all data 
methodology involving CPUA and CPUE calculations and 
deletions due to lack of species catch for specific gear types.

To examine the relation of shovelnose sturgeon catch 
to bend radius in the PSPAP data, an Analysis of Covariance 
model (ANCOVA) with bend radius as the continuous variable 
was used. Bend radius was a continuous variable in the PSPAP 
data because all bends were used, not just the two levels used 
in HAMP sampling design. Designating bend radius as a con-
tinuous variable will allow the determination of whether bend 
radii is important in the trends of fish catch data, and warrant 
use as a grouping factor in the HAMP sampling design. Year, 
season, and segment were initially used as discrete factors in 
the ANCOVA model but a significant interaction of segment 
and radius occurred. This violated the assumption of equal 
slopes required for an ANCOVA model. Therefore, a separate 
ANCOVA was used for each segment with bend radius as 
the continuous variable and year and season as the discrete 
factors, where appropriate (not all years and seasons were 
sampled for each gear, Bryan and others, in press). The normal 
distribution assumption was tested with a Shapiro-Wilk test 
and the response variable was log10 transformed to meet the 
test assumptions.

Model Description and Power Calculation

The HAMP sampling design has a nested structure with 
multiple subsamples within each bend (table 2). This nested 
structure is similar to the PSPAP, and the model used in the 
HAMP power analysis was based on the model for the PSPAP 
power analysis (Bryan and others, in press). Specifically, for 
each species and month, the HAMP model consisted of three 
fixed effects (universe, radius, and treatment). Additionally, 
within each universe, radius, and treatment combination, a 
random sample of river bends was selected. Further, within 
each river bend, multiple gear deployments (subsamples) were 
distributed randomly across the area within a bend. Separate 
analyses calculated the power for each of the different combi-
nations of species, month, and gear type. 

To calculate the power of higher levels of effort than 
were observed in the original data, requires knowledge of the 
population variances associated with the random effects due 
to bend and subsample. Ultimately these population vari-
ances were inferred based on variance components obtained 
from the data, and are considered known when calculating 
power.
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To accommodate the study design, this power analysis is 
based on the normal linear mixed model given by:

		

where
	 Yijklm	 is the catch per unit (area or effort) for 

treatment i, radius j, universe k, bend ijkl, 	
and subsample m;

	 μ	  is the overall mean;
	 αi	  is the fixed effect for treatment, i = 1 or 2 

(untreated or treated);
	 βj	  is the fixed effect for radius, j = 1 or 2 (25 or 

75 degrees);
	 γk	  is the fixed effect for universe, k = 1 or 2 

(upper or lower);
	 Dijkl	  is the random effect for bend, l = 1,..., nijk, 

where nijk is the number bends per 
treatment i, radius j, and universe k; and

	 Sijklm	  is the error term, m = 1,..., s. 

Further, we assume Dijkl ~ iid N(0,σD
2) and Sijklm ~ iid N(0,σS

2), 
with Dijkl and Sijklm mutually independent; see Kuehl (2000) for 
a comprehensive discussion. For the treatment group, there are  
n1.. number of bends. For the non-treatment group, there are 
n2.. number of bends. The value of n1.. and n2.. varies depend-

Y D S
ijklm i j k ij ik jk ijk ijkl ijklm
= + + + + + + + + +µ α β γ αβ αγ βγ αβγ

ing on the model. Define MSα as the mean square for treat-
ment and MSD as the mean square for bend. The F-distribution 
test statistic for testing the hypothesis that the treatment and 
non-treatment groups are different is:
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To determine the difference in the means needed at 
a power of 0.8, we rearranged the equation above to the 
following:
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where φ is calculated using the noncentrality function in SAS 
(version 9.1.3; Littell and others, 2006) that calculates the 
parameter using an F distribution and a probability of 0.2 and 
a F critical value with the same degrees of freedom used in the 
power calculation.

As an exploratory measure, the variance components for 
all models were initially estimated using Restricted Maximum 
Likelihood (REML) using the “unbound” option in the Mixed 
Proceedure in SAS. Models having a negative bend variance 
component estimate were noted and then re-estimated using 
standard REML estimation methods (that is, the variance 
components have a bounded parameter space and are restricted 
to be greater than or equal to zero). The re-estimated value 
was then used in the power calculation. The negative variance 
component estimates in the exploratory analysis argues for 
the collection of additional data to be analyzed in conjunction 
with the existing data in the belief that increased information 
will produce positive bend variance component estimates, 
even when the parameter space is unbounded (Kuehl, 2000). 
Even though the variance component estimates were estimated 
using REML, any model results having an initially negative 
bend variance component estimate (from the exploratory 
phase of the analysis) should be interpreted with caution (as 
denoted in the accompanying tables). 

The target level of effort for the 2006 sampling year for 
HAMP was 4 bends with 8 subsamples per bend for each com-
bination of month/universe/radius/treatment/gear type [here-
after referred to as 4/8 or number of bends/number of sub-
samples per bend (Sampson and Drobish, written commun., 
2008)]. However, in the data used for the power analysis, these 
levels fluctuated slightly between months, universes, radii, and 
treatments (table 3, at the back of this report); consequently, 
for this analysis the levels of effort tested were set at 4/8 and 
above in a balanced design. The levels of bend effort tested in 
each treatment were 4, 20, 40, 80, and subsample effort levels 
of 4, 8, 12, and 16. The first bend level was calculated using 4 
bends for each of the two universes, two radii, and two treat-
ments, then multiplying this level by 5, 10, 15, and 20. These 
levels represent years of sampling for each month assum-
ing the variation in the current data are similar to the future 
years. Other topics of interest that were examined include the 
CPU difference required under the different levels of effort to 
achieve an adequate power of 0.8 at different levels of effort 
for each gear type and month and the multiplier needed to 
achieve adequate power using the current (2006) mean dif-
ference for different levels of effort for each gear type and 
month. For all tests the α-level was 0.05, and a power of 0.80 
was considered adequate.
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Results

Bend Radius Analysis

The TN model in segment 8 violated all assumptions 
for the ANCOVA model, so no analysis was conducted. Due 
to the low numbers of shovelnose sturgeon captured, the GN 
ANCOVA model in segment 8 and 10 was not conducted. 
Five of the 12 ANCOVA models did not meet the normality 
assumption (table 4, at the back of this report), but did have 
high Shapiro-Wilk test statistics, indicating data that are close 
to normal (Scheffe, 1959; Milliken and Johnson, 1984).

The mean bend radius was a significant factor in the 
ANCOVA model in segments 9 and 14, accounting for 9.01 to 
21.49 percent of the variation in the model, respectively (table 
4). The mean bend radius was a marginally significant factor 
in the ANCOVA model for segment 8, accounting for 8.52 per-
cent of the variation. Mean bend radius accounted for less than 
2 percent of the variation in the ANCOVA models for seg-
ments 10 and 13.

Power Analysis

Each individual species and size category was susceptible 
to certain gear types with high percentages of non-occurrence. 
The high incidence of zeros for the species/gear combinations 
required the removal of 93 species/month/universe/radius/gear 
combinations from the analysis because of deletion criteria 
(table 5, at the back of this report). Of the models tested, 
36 out of 78 models had a negative bend variance component 
estimate (based on preliminary exploratory analysis) and 
were recalculated using standard REML estimation, which 
restricts variance component estimates to be greater than or 
equal to zero (table 6, at the back of this report). Twenty-one 
out of 78 models had either a control or treatment mean of 
zero (table 6). Because of the high frequency of zero in the 
data (tables 7–9, at the back of this report), the distributions 
were not normally distributed. However, based on preliminary 
simulation results, the power increased as the number of zeros 
decreased and, therefore, the assumption of normality was 
violated to a lesser degree (J. Bryan, U.S. Geological Survey, 
unpub. data, 2008; D. Gladish, University of Missouri–Colum-
bia, unpub. data, 2009). Consequently, this indicates the power 
estimates presented are conservative. 

At a level of 4 bends and 8 subsamples, only the pallid 
sturgeon-adult model had adequate power to detect a differ-
ence between the treatment groups (table 10, at the back of 
this report). At a level of 20 bends and at various levels of sub-
samples, 26 species/gear/month models had adequate power 
to detect a difference between the treatment groups. At least 
one model with adequate power for each gear/month/species 
combination existed. At the level of 40 bends and at various 
levels of subsamples, an additional 16 species/gear/month 

models had adequate power to detect a difference. At a level 
of 80 bends and at various levels of subsamples, an additional 
6 species/gear/month models had adequate power. Twenty-
nine species/gear/month models did not have adequate power 
at a level of 80 bends and 16 subsamples.

Blue Sucker-All

•	 The OT and TN in all 3 months had adequate catch 
to meet our criteria and calculate power values 
(tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the TN in August (table 11, 
at the back of this report).

•	 Using OT, none of the months reached adequate 
power at the 80/16 level (table 10).

•	 The TN reached adequate power at the 20/16 and 
40/8 level of effort in August and September, respec-
tively (table 10). The TN did not reach adequate 
power in the month of July.

•	 Using OT in July would require the mean difference 
between the treatments to be 248.42 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 11). In 
August and September would require the mean dif-
ference between the treatments to be 23.11 and 19.75 
times greater than the current difference, respec-
tively. 

•	 Using TN in July would require the mean difference 
between the treatments to be 10.42 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 11). In 
August and September would require the mean dif-
ference between the treatments to be 4.80 and 3.61 
times greater than the current difference, respec-
tively. 

Blue Sucker-Adult

•	 The OT and TN in all 3 months had adequate catch 
to meet our criteria and calculate power values 
(tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the TN in August (table 12, 
at the back of this report).

•	 The OT reached adequate power at the 40/16 level 
of effort in August (table 10). The OT did not reach 
adequate power in the month of July or September.
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•	 The TN reached adequate power at the 20/16 level 
of effort in August (table 10). The TN did not reach 
adequate power in the month of July or September.

•	 Using OT in July would require the mean difference 
between the treatments to be 67.55 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 12). In 
August and September would require the mean dif-
ference between the treatments to be 6.28 and 47.91 
times greater than the current difference, respec-
tively. 

•	 Using TN in July would require the mean difference 
between the treatments to be 10.59 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 12). In 
August and September would require the mean dif-
ference between the treatments to be 4.80 and 7.85 
times greater than the current difference, respec-
tively. 

Blue Sucker-Juvenile

•	 The OT in all 3 months and the TN in July and Sep-
tember had adequate catch to meet our criteria and 
calculate power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the TN in September (table 
13, at the back of this report).

•	 The OT reached adequate power at the 20/16 level of 
effort in August and September (table 10). The OT 
did not reach adequate power in the month of July.

•	 The TN reached adequate power at the 20/8 level of 
effort in September (table 10). The TN did not reach 
adequate power in the month of July.

•	 Using OT in July would require the mean difference 
between the treatments to be 19.00 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling. (table 13). In 
August and September would require the mean dif-
ference between the treatments to be 4.30 and 5.03 
times greater than the current difference, respec-
tively. 

•	 Using TN in July would require the mean difference 
between the treatments to be 30.54 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 13). 
In September would require the mean difference 
between the treatments to be 2.68 times greater than 
the current difference, respectively. 

Pallid Sturgeon-All

•	 The OT in July and September and the TN in July 
and August had adequate catch to meet our criteria 
and calculate power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the OT in July (table 14, at 
the back of this report).

•	 The OT reached adequate power at the 20/4 and 40/8 
level of effort in July and September, respectively 
(table 10). 

•	 The TN reached adequate power at the 20/12 and 
20/16 level of effort in July and August, respectively 
(table 10). 

•	 Using OT in July would require the mean difference 
between the treatments to be 2.18 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling. (table 14). In Septem-
ber would require the mean difference between the 
treatments to be 4.62 times greater than the current 
difference. 

•	 Using TN in July would require the mean difference 
between the treatments to be 3.37 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling (table 14). In August 
would require the mean difference between the 
treatments to be 5.06 times greater than the current 
difference. 

Pallid Sturgeon-Adult

•	 The OT in July had adequate catch to meet our crite-
ria and calculate power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the OT in July (table 15, at 
the back of this report).

•	 The OT reached adequate power at the 4/8 level of 
effort in July (table 10). 

•	 Using OT in July would require the mean difference 
between the treatments to be 1.30 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling (table 15). 

Pallid Sturgeon-Juvenile

•	 The OT in July and September and the TN in July 
and August had adequate catch to meet our criteria 
and calculate power values (tables 7–9).
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•	 The lowest level of sampling with adequate power 
was accomplished using the TN in July (table 16, at 
the back of this report).

•	 The OT reached adequate power at the 40/8 level of 
effort in September (table 10). The OT did not reach 
adequate power in the month of July.

•	 The TN reached adequate power at the 20/12 and 
20/16 level of effort in July and August, respectively 
(table 10). 

•	 Using OT in July would require the mean difference 
between the treatments to be 160.89 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling. (table 16). 
In September would require the mean difference 
between the treatments to be 4.62 times greater than 
the current difference. 

•	 Using TN in July would require the mean difference 
between the treatments to be 3.37 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling (table 16). In August 
would require the mean difference between the 
treatments to be 5.06 times greater than the current 
difference. 

Sand Shiner-All

•	 The MF in August and September and OT in all 
3 months had adequate catch to meet our criteria and 
calculate power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the OT in September 
(table 17, at the back of this report).

•	 The MF reached adequate power at the 40/16 and 
80/8 level of effort in September and August, respec-
tively (table 10). 

•	 The OT reached adequate power at the 20/8, 40/8, 
and 80/16 level of effort in September, July and 
August, respectively (table 10). 

•	 Using MF in August would require the mean dif-
ference between the treatments to be 5.35 times 
greater than the current difference to reach adequate 
power at the current 4/4 level of sampling. (table 
17). In September would require the mean difference 
between the treatments to be 5.09 times greater than 
the current difference. 

•	 Using OT in July would require the mean difference 
between the treatments to be 4.53 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling (table 17). In August 

and September would require the mean difference 
between the treatments to be 9.34 and 3.69 times 
greater than the current difference, respectively. 

Sauger-All

•	 The MF, OT and TN for all 3 months had adequate 
catch to meet our criteria and calculate power values 
(tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the TN in September (table 
18, at the back of this report).

•	 The MF reached adequate power at the 20/12 and 
40/12 level of effort in August and September, 
respectively (table 10). 

•	 The OT reached adequate power at the 80/12 level of 
effort in September (table 10). The OT did not reach 
adequate power in the month of July and August.

•	 The TN reached adequate power at the 20/8 and 
40/12 level of effort in September and August, 
respectively (table 10). The TN did not reach 
adequate power in the month of July.

•	 Using MF in August would require the mean dif-
ference between the treatments to be 3.88 times 
greater than the current difference to reach adequate 
power at the current 4/4 level of sampling. (table 
18). In September would require the mean difference 
between the treatments to be 5.12 times greater than 
the current difference. 

•	 Using OT in July would require the mean difference 
between the treatments to be 14.29 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 18). In 
August and September would require the mean dif-
ference between the treatments to be 28.86 and 7.45 
times greater than the current difference, respec-
tively. 

•	 Using TN in July would require the mean difference 
between the treatments to be 4,692.27 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 18). In 
August and September would require the mean dif-
ference between the treatments to be 5.45 and 3.41 
times greater than the current difference, respec-
tively. 
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Sauger-Adult

•	 The OT in August and September and TN in all 
3 months had adequate catch to meet our criteria and 
calculate power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the TN in September (table 
19, at the back of this report).

•	 The OT reached adequate power at the 40/8 level of 
effort in September (table 10). The OT did not reach 
adequate power in the month of August.

•	 The TN reached adequate power at the 20/8 and 
40/12 level of effort in September and August, 
respectively (table 10). The TN did not reach 
adequate power in the month of July.

•	 Using OT in August would require the mean dif-
ference between the treatments to be 28.86 times 
greater than the current difference to reach adequate 
power at the current 4/4 level of sampling. (table 
19). In September would require the mean difference 
between the treatments to be 4.62 times greater than 
the current difference. 

•	 Using TN in July would require the mean difference 
between the treatments to be 4,692.27 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 19). In 
August and September would require the mean dif-
ference between the treatments to be 5.45 and 3.41 
times greater than the current difference, respec-
tively. 

Sauger-Juvenile

•	 The MF in August and September and OT in July 
and September had adequate catch to meet our crite-
ria and calculate power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the MF in August (table 20, 
at the back of this report).

•	 The MF reached adequate power at the 20/12 and 
40/12 level of effort in August and September, 
respectively (table 10). 

•	 Using OT, none of the months reached adequate 
power at the 80/16 level (table 10).

•	 Using MF in August would require the mean dif-
ference between the treatments to be 3.88 times 
greater than the current difference to reach adequate 
power at the current 4/4 level of sampling. (table 
20). In September would require the mean difference 

between the treatments to be 5.12 times greater than 
the current difference. 

•	 Using OT in July would require the mean difference 
between the treatments to be 14.29 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 20). 
In September would require the mean difference 
between the treatments to be 13.75 times greater 
than the current difference. 

Shovelnose Sturgeon-All

•	 The OT and TN in all 3 months had adequate catch 
to meet our criteria and calculate power values 
(tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the TN in September 
(table 21, at the back of this report).

•	 The OT reached adequate power at the 20/16 level 
of effort in July (table 10). The OT did not reach 
adequate power in the month of August or Septem-
ber.

•	 The TN reached adequate power at the 20/8 level of 
effort in September (table 10). The TN did not reach 
adequate power in the month of July or August.

•	 Using OT in July would require the mean difference 
between the treatments to be 4.03 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling. (table 21). In August 
and September would require the mean difference 
between the treatments to be 6,821.16 and 9.67 times 
greater than the current difference, respectively. 

•	 Using TN in July would require the mean difference 
between the treatments to be 15.25 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 21). In 
August and September would require the mean dif-
ference between the treatments to be 12.77 and 2.33 
times greater than the current difference, respec-
tively. 

Shovelnose Sturgeon-Adult

•	 The OT and TN in all 3 months had adequate catch 
to meet our criteria and calculate power values 
(tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the TN in August and Sep-
tember (table 22, at the back of this report).
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•	 The OT reached adequate power at the 40/12, 40/16, 
and 80/12 level of effort in July, September, and 
August, respectively (table 10). 

•	 The TN reached adequate power at the 20/8 level of 
effort in August and September (table 10). The TN 
reached adequate power at the 40/16 level of effort 
in July.

•	 Using OT in July would require the mean difference 
between the treatments to be 5.65 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling. (table 22). In August 
and September would require the mean difference 
between the treatments to be 7.97 and 5.95 times 
greater than the current difference, respectively. 

•	 Using TN in July would require the mean difference 
between the treatments to be 5.34 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling (table 22). In August 
and September would require the mean difference 
between the treatments to be 2.39 and 2.49 times 
greater than the current difference, respectively. 

Shovelnose Sturgeon-Juvenile

•	 The OT and TN in all 3 months had adequate catch 
to meet our criteria and calculate power values 
(tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the OT in July and TN in 
September (table 23, at the back of this report).

•	 The OT reached adequate power at the 20/8 and 
80/12 level of effort in July and August, respectively 
(table 10). The OT did not reach adequate power in 
the month of September.

•	 The TN reached adequate power at the 20/8 and 
40/12 level of effort in September and July, respec-
tively (table 10). The TN did not reach adequate 
power in the month of August.

•	 Using OT in July would require the mean difference 
between the treatments to be 2.34 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling. (table 23). In August 
and September would require the mean difference 
between the treatments to be 6.81 and 16.72 times 
greater than the current difference, respectively. 

•	 Using TN in July would require the mean difference 
between the treatments to be 4.65 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling (table 23). In August 
and September would require the mean difference 

between the treatments to be 12.31 and 2.34 times 
greater than the current difference, respectively. 

Sicklefin Chub-All

•	 The OT in all 3 months had adequate catch to meet 
our criteria and calculate power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the OT in August and Sep-
tember (table 24, at the back of this report).

•	 The OT reached adequate power at the 20/12 level of 
effort in August and September (table 10). The OT 
reached adequate power at the 40/12 level of effort 
in July.

•	 Using OT in July would require the mean difference 
between the treatments to be 5.00 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling. (table 24). In August 
and September would require the mean difference 
between the treatments to be 3.78 and 3.22 times 
greater than the current difference, respectively. 

Speckled Chub-All

•	 The MF in August and September and the OT in all 
3 months had adequate catch to meet our criteria and 
calculate power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the MF in August or OT in 
July (table 25, at the back of this report).

•	 The MF reached adequate power at the 20/12 level 
of effort in August (table 10). The MF did not reach 
adequate power in the month of September.

•	 The OT reached adequate power at the 20/12 and 
80/16 level of effort in July and August, respectively 
(table 10). The OT did not reach adequate power in 
the month of September.

•	 Using MF in August would require the mean differ-
ence between the treatments to be 3.31 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling. (table 25). 
In September would require the mean difference 
between the treatments to be 12.64 times greater 
than the current difference. 

•	 Using OT in July would require the mean difference 
between the treatments to be 3.65 times greater than 
the current difference to reach adequate power at the 
current 4/4 level of sampling (table 25). In August 
and September would require the mean difference 
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between the treatments to be 8.01 and 10.08 times 
greater than the current difference, respectively. 

Sturgeon Chub-All

•	 The MF in September and the OT in all 3 months 
had adequate catch to meet our criteria and calculate 
power values (tables 7–9).

•	 The lowest level of sampling with adequate power 
was accomplished using the MF in September 
(table 26, at the back of this report).

•	 The MF reached adequate power at the 20/8 level of 
effort in September (table 10). 

•	 Using OT, none of the months reached adequate 
power at the 80/16 level (table 10).

•	 Using MF in September would require the mean 
difference between the treatments to be 3.21 times 
greater than the current difference to reach ade-
quate power at the current 4/4 level of sampling. 
(table 26). 

•	 Using OT in July would require the mean difference 
between the treatments to be 95.03 times greater 
than the current difference to reach adequate power 
at the current 4/4 level of sampling (table 26). In 
August and September would require the mean 
difference between the treatments to be 32.52 and 
161.93 times greater than the current difference, 
respectively. 

Conclusions
The mean bend radius was a significant factor in some of 

the segments and with more than one gear type. Even though 
a longitudinal pattern did not exist, the significance would 
indicate that the bend radius does affect the numbers of shov-
elnose sturgeon for certain segments of the river. This analysis 
supports the inclusion of the bend radius as a factor in the 
Habitat Assessment Monitoring Program (HAMP) experimen-
tal design.

Because of the absence of species caught in every month 
and the inconsistency of standard gear deployments in every 
month, only the power of 3 months and three gears are sum-
marized. The power estimates from this study are conserva-
tive since preliminary analyses indicate that a decrease in the 
number of zeros or increase in the number of fish caught will 
increase the power of HAMP.

The lowest level of non-occurrence (zero catches) at 
the bend level for pallid sturgeon was 0.67 using otter trawl 
(OT) or trammel net (TN) in July or TN in September. This 
model contains the catch of the only one pallid sturgeon adult 

collected in this study over three bends (the lowest number of 
bends for any model used). However, this low catch rate did 
not prevent the power of the pallid sturgeon-adult OT model in 
July from being the highest. These results are presented with 
caution because the models for all pallid sturgeon caught with 
OT in July were based on bend variance component estimates 
that were initially negative. This would indicate more data are 
required for a more accurate variance component estimate. 
If future efforts focus on using different gear types at differ-
ent levels, then an update of the results would be desirable 
because the results from this analysis assume that the variance 
estimates represent the variance estimates at the end of the 
study. Because these results are based on 3 months of data col-
lection, updates to this power analysis are recommended after 
additional data have been aquired.

At a level of 20/16, at least one species/month/gear model 
has the power to determine differences between treatments. 
This would be an increase from the current (2006) level of 
sampling at 4/8. The TN in September had the most species 
models with adequate power at the 20/16 level. Overall, the 
TN had the most species/month models with adequate power 
at the 20/16 level. If the focus of the HAMP is to sample juve-
nile species using OT, then an effort level of 20/8 would have 
sufficient power for at least 1 month for juvenile bluesuckers, 
juvenile shovelnose sturgeon, sicklefin chub, speckled chub, 
and sand shiner. To have adequate power, the level of effort 
would need to increase to 40/8 for the model containing Sep-
tember, OT and juvenile pallid sturgeon. Only using mini-fyke 
net (MF), sampling at a level of 20/8 would attain adequate 
power for at least 1 month for juvenile sauger, speckled chub, 
and sturgeon chub.

However, using only one gear type or gear/month 
combination would eliminate other species of interest, such 
as all three chub species, sand shiners, pallid sturgeon, and 
juvenile sauger. These results show the value of using mul-
tiple gear types to monitor the fish community in the Missouri 
River, which is intuitive result since certain species are more 
susceptible to specific gear types at certain parts of their life 
cycle. Another aspect of using multiple gear types to sample 
a fish community is the ability to combine active gears and 
passive gears in multi-gear models. Multi-gear power calcula-
tions were unable to be calculated because of time constraints. 
However, with additional data, higher catch rates, and the use 
of multi-gear models, the power of the HAMP to detect trends 
in fish populations in the Missouri River will likely improve. 
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Table 1.  Nine fish species of interest in the Habitat Assessment 
Monitoring Program.

[mm, millimeters; >, greater than or equal to; --, no data]

Common name Scientific name
Mature length 

(mm)

Blue sucker Cycleptus elongatus > 500 a

Pallid sturgeon Scaphirhynchus albus > 750 b

Plains minnow Hybognathus placitus --
Sand shiner Notropis stramineus --
Sauger Sander canadensis > 250 a

Shovelnose sturgeon Scaphirhynchus platorynchus > 550 c

Sicklefin chub Macrhybopsis meeki --
Speckled chub Macrhybopsis aestivalis --
Sturgeon chub Macrhybopsis gelida --

a J. Schloesser and C.P. Paukert (Kansas State University, written commun., 2008).
b Bajer and Wildhaber (2007).
c Moos (1978).

Table 2.  Organization of the data collected and analyzed for 
a gear for each species and their maturity state in the Habitat 
Assessment Monitoring Program. 

Universe: 2 levels, upper and lower
Radius: 2 levels, 25th and 75th quartile of bend radius
Treatment: 2 levels, untreated and treated
Bend: initially selected from each universe, radius, and treatment 

combination
Subsample: multiple throws of a gear evenly distributed within 

a bend
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Table 3.  Summary of the sampling effort during 2006 using three gear types: mini-fyke net, 
otter trawl, and trammel net.

[These averages were calculated before data were removed due to no catch for a species.]

Universe Radius Treatment Month
Number  
of bends

Average number 
of gear types         

per bend

Average number 
of subsamples         
per gear type

Lower 25 Untreated July 2 3.0 10.3
Aug. 2 3.0  5.8

Sept. 2 3.0  8.5

Lower 25 Treated July 1 3.0  6.3
Aug. 1 3.0  7.0

Sept. 1 3.0  7.7

Lower 75 Untreated July 2 3.0  9.8
Aug. 2 3.0  6.3

Sept. 2 3.0  8.3

Lower 75 Treated July 1 3.0 11.0
Aug. 1 3.0  8.0

Sept. 1 3.0  7.0

Upper 25 Untreated July 5 2.0 17.6
Aug. 5 2.4 14.5

Sept. 3 2.3 16.2

Upper 25 Treated July 3 2.0 27.0
Aug. 3 1.7 14.0

Sept. 2 3.0 18.5

Upper 75 Untreated July 4 2.3 19.6
Aug. 4 1.8 13.0

Sept. 3 3.0 20.4

Upper 75 Treated July 4 2.0 18.7
Aug. 4 2.0 14.2

Sept. 4 2.5 16.2
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Table 4.  Summary of the bend radius analysis of covariance using shovelnose sturgeon caught in 
the lower Missouri River.

Segment Parameter
Gear type

Trammel net Gill net Otter trawl

8 Total number of observations (a) (b) 39 c

F-statistic 3.062

Percent variance accounted for in full model 8.52

Curvature parameter estimate -.047

Curvature P-value .0895

9 Total number of observations 74d 23 70 d

F-statistic 7.16 5.146 .136

Percent variance accounted for in full model 9.01 13.64 .20

Curvature parameter estimate .1230 .1180 .0086

Curvature P-value .0093 .0352 .7140

10 Total number of observations 12 (b) 12 c

F-statistic .0072 .146

Percent variance accounted for in full model .08 1.48

Curvature parameter estimate .0127 .0375

Curvature P-value .9341 .7102

13 Total number of observations 56 48 57
F-statistic .0446 .0212 .586

Percent variance accounted for in full model .07 .05 1.06

Curvature parameter estimate -.004 -.007  -.007

Curvature P-value .8335 .8848 .4474

14 Total number of observations 60 22 61 d

F-statistic 7.207 5.251 9.93

Percent variance accounted for in full model 11.26 21.48 12.27

Curvature parameter estimate .1020 .1580 .0691

Curvature P-value .0096 .0335 .0026
a No analysis was conducted due to a severe violation of statistical assumptions.
b No anlaysis was conducted due to the low numbers of shovelnose sturgeon caught.
c The data for this test did not meet the normality assumption, but the Shapiro-Wilk test statistic was 0.84.
d The data for this test did not meet the normality assumption, but the Shapiro-Wilk test statistic was greater 

than 0.9.
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Table 5.  Different groups of data that were removed from the analysis 
because no fish were caught for that specific factor level.—Continued

[--, the factor did not apply to the deleted group of data] 

Factor level

Species Month Universe Radius Gear type
Blue sucker-all Aug. -- -- Mini-fyke net
Blue sucker-all Aug. Lower -- Trammel net
Blue sucker-all Sept. -- -- Mini-fyke net
Blue sucker-all Sept. Lower -- Otter trawl
Blue sucker-adult Aug. -- -- Mini-fyke net
Blue sucker-adult Aug. Lower -- Otter trawl
Blue sucker-adult Aug. Lower -- Trammel net
Blue sucker-adult Sept. -- -- Mini-fyke net
Blue sucker-adult Sept. Lower -- Otter trawl
Blue sucker-juvenile Aug. -- -- Mini-fyke net
Blue sucker-juvenile Aug. -- -- Trammel net
Blue sucker-juvenile Sept. -- -- Mini-fyke net
Blue sucker-juvenile Sept. -- 25 Otter trawl
Blue sucker-juvenile Sept. Lower -- Otter trawl
Pallid sturgeon-all July -- 25 Trammel net
Pallid sturgeon-all July Upper -- Trammel net
Pallid sturgeon-all Aug. -- -- Mini-fyke net
Pallid sturgeon-all Aug. -- -- Otter trawl
Pallid sturgeon-all Aug. -- 25 Trammel net
Pallid sturgeon-all Aug. Lower -- Trammel net
Pallid sturgeon-all Sept. -- -- Mini-fyke net
Pallid sturgeon-all Sept. -- 25 Otter trawl
Pallid sturgeon-all Sept. Lower -- Otter trawl
Pallid sturgeon-all Sept. -- -- Trammel net
Pallid sturgeon-adult July -- 25 Otter trawl
Pallid sturgeon-adult July Upper -- Otter trawl
Pallid sturgeon-adult July -- -- Trammel net
Pallid sturgeon-adult Aug. -- -- All gears
Pallid sturgeon-adult Sept. -- -- All gears
Pallid sturgeon-juvenile July -- 25 Trammel net
Pallid sturgeon-juvenile July Upper -- Trammel net
Pallid sturgeon-juvenile Aug. -- -- Mini-fyke net
Pallid sturgeon-juvenile Aug. -- -- Otter trawl
Pallid sturgeon-juvenile Aug. -- 25 Trammel net
Pallid sturgeon-juvenile Aug. Lower -- Trammel net
Pallid sturgeon-juvenile Sept. -- -- Mini-fyke net
Pallid sturgeon-juvenile Sept. -- 25 Otter trawl
Pallid sturgeon-juvenile Sept. Lower -- Otter trawl
Pallid sturgeon-juvenile Sept. -- -- Trammel net
Sand shiner-all July -- 25 Otter trawl
Sand shiner-all July Lower -- Otter trawl
Sand shiner-all July -- -- Trammel net
Sand shiner-all Aug. Lower -- Mini-fyke net
Sand shiner-all Aug. Lower -- Otter trawl
Sand shiner-all Aug. -- -- Trammel net
Sand shiner-all Sept. -- 25 Otter trawl
Sand shiner-all Sept. Lower -- Otter trawl
Sand shiner-all Sept. -- -- Trammel net
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Table 5. Different groups of data that were removed from the analysis 
because no fish were caught for that specific factor level.—Continued

[--, the factor did not apply to the deleted group of data] 

Factor level

Species Month Universe Radius Gear type
Sauger-all
Sauger-all
Sauger-all
Sauger-all
Sauger-all
Sauger-all
Sauger-all
Sauger-all
Sauger-adult
Sauger-adult
Sauger-adult
Sauger-adult
Sauger-adult
Sauger-adult
Sauger-adult
Sauger-adult
Sauger-adult
Sauger-adult
Sauger-juvenile
Sauger-juvenile
Sauger-juvenile
Sauger-juvenile
Sauger-juvenile
Sauger-juvenile
Sauger-juvenile
Shovelnose sturgeon-all
Shovelnose sturgeon-all
Shovelnose sturgeon-adult
Shovelnose sturgeon-adult
Shovelnose sturgeon-juvenile
Shovelnose sturgeon-juvenile
Sicklefin chub-all
Sicklefin chub-all
Sicklefin chub-all
Sicklefin chub-all
Sicklefin chub-all
Sicklefin chub-all
Speckled chub-all
Speckled chub-all
Speckled chub-all
Sturgeon chub-all
Sturgeon chub-all
Sturgeon chub-all
Sturgeon chub-all
Sturgeon chub-all

Aug.
Aug.
Aug.
Aug.
Sept.
Sept.
Sept.
Sept.
July
Aug.
Aug.
Aug.
Aug.
Sept.
Sept.
Sept.
Sept.
Sept.
July
Aug.
Aug.
Aug.
Sept.
Sept.
Sept.
Aug.
Sept.
Aug.
Sept.
Aug.
Sept.
July
Aug.
Aug.
Sept.
Sept.
Sept.
July
Aug.
Sept.
July
Aug.
Aug.
Sept.
Sept.

Lower
Lower

--
Lower

--
Lower

--
Lower

--
--

Lower
--

Lower
--
--

Lower
--

Lower
--

Lower
--
--
--

Lower
--
--
--
--
--
--
--
--
--
--
--

Upper
--
--
--
--
--
--
--
--
--

--
--
75
--
25
--
25
--
--
--
--
75
--
--
25
--
25
--
--
--
--
--
25
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
75
--

Mini-fyke net
Otter trawl
Trammel net
Trammel net
Mini-fyke net
Otter trawl
Trammel net
Trammel net
Otter trawl
Mini-fyke net
Otter trawl
Trammel net
Trammel net
Mini-fyke net
Otter trawl
Otter trawl
Trammel net
Trammel net
Trammel net
Mini-fyke net
Otter trawl
Trammel net
Mini-fyke net
Otter trawl
Trammel net
Mini-fyke net
Mini-fyke net
Mini-fyke net
Mini-fyke net
Mini-fyke net
Mini-fyke net
Trammel net
Mini-fyke net
Trammel net
Mini-fyke net
Otter trawl
Trammel net
Trammel net
Trammel net
Trammel net
Trammel net
Mini-fyke net
Trammel net
Mini-fyke net
Trammel net
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Table 6.  Model statistics for all models used in the power analysis.—Continued

[--, no number was required because the unbound restricted maximum likeihood analysis was not needed]

Species Month Gear type

Yearly 
catch per 

unit  
control

Yearly 
catch per 

unit  
treatment

Factor levels Unbound Bound

Universe Treatment Radius Bend
Sub- 

samples

Bend 
variance 

component 
estimate

Subsample 
variance 

component 
estimate

Bend 
variance 

component 
estimate

Subsample 
variance 

component 
estimate

Blue sucker-all July Otter trawl 0.1362 0.1339 2 2 2 21 167 -- -- 0.0116 0.2438
Blue sucker-all July Trammel net .4852 .2957 2 2 2 22 200 -- -- .4512 1.8540
Blue sucker-all Aug. Otter trawl .0491 .0396 2 2 2 17 108 -0.0023 0.0466 0 .0452
Blue sucker-all Aug. Trammel net .1392 .0642 1 2 2 9 73 -.0006 .1116 0 .1113
Blue sucker-all Sept. Otter trawl .0922 .1088 1 2 2 9 97 -- -- .0019 .0841
Blue sucker-all Sept. Trammel net .2487 .0639 2 2 2 17 128 -- -- .0326 .2877
Blue sucker-adult July Otter trawl .1194 .1112 2 2 2 21 167 -- -- .0139 .2315
Blue sucker-adult July Trammel net .4637 .2791 2 2 2 22 200 -- -- .4547 1.7684
Blue sucker-adult Aug. Otter trawl .0447 .0792 1 2 2 11 88 -.0019 .0415 0 .0402
Blue sucker-adult Aug. Trammel net .1392 .0642 1 2 2 9 73 -.0006 .1116 0 .1113
Blue sucker-adult Sept. Otter trawl .0922 .0989 1 2 2 9 97 -- -- .0017 .0811
Blue sucker-adult Sept. Trammel net .1369 .0639 2 2 2 17 128 -- -- .0175 .2380
Blue sucker-juvenile July Otter trawl .0168 .0228 2 2 2 21 167 -- -- .0003 .0107
Blue sucker-juvenile July Trammel net .0215 .0167 2 2 2 22 200 -.0003 .0206 0 .0204
Blue sucker-juvenile Aug. Otter trawl .0267 0 2 2 2 17 108 -- -- 0.0001 .0120
Blue sucker-juvenile Sept. Otter trawl 0 .0197 1 2 1 5 57 -.0004 .0072 0 .0069
Blue sucker-juvenile Sept. Trammel net .1118 0 2 2 2 17 128 -- -- .0085 .0505
Pallid sturgeon-all July Otter trawl .0074 .0375 2 2 2 21 167 -.0003 .0042 0 .0040
Pallid sturgeon-all July Trammel net .0335 0 1 2 1 3 12 -- -- .0007 .0060
Pallid sturgeon-all Aug. Trammel net 0 .0230 1 2 1 5 41 -- -- 1.5 x 10-5 .0095
Pallid sturgeon-all Sept. Otter trawl .0210 0 1 2 1 5 57 -- -- 0.0003 .0055
Pallid sturgeon-adult July Otter trawl 0 .1191 1 2 1 3 12 -.0047 .0189 0 .0170
Pallid sturgeon-juvenile July Otter trawl .0074 .0077 2 2 2 21 167 -.0002 .0031 0 .0030
Pallid sturgeon-juvenile July Trammel net .0335 0 1 2 1 3 12 -- -- .0007 .0060
Pallid sturgeon-juvenile Aug. Trammel net 0 .0230 1 2 1 5 41 -- -- 1.5 x 10-5 .0095
Pallid sturgeon-juvenile Sept. Otter trawl .0210 0 1 2 1 5 57 -- -- .0003 .0055
Sand shiner-all July Otter trawl .5821 0 1 2 1 7 72 -- -- .1633 4.2613
Sand shiner-all Aug. Mini-fyke net 14.1230 8.0063 1 2 2 12 92 -- -- 61.6298 672.7232
Sand shiner-all Aug. Otter trawl .0271 .0433 1 2 2 11 88 -.0004 .0197 0 .0195
Sand shiner-all Sept. Mini-fyke net 1.7195 2.9493 1 2 2 12 106 -- -- 2.0604 25.4333
Sand shiner-all Sept. Otter trawl .0392 0 1 2 1 5 57 -.0010 .0155 0 .0147
Sauger-all July Otter trawl .0294 .0183 2 2 2 21 167 -- -- .0008 .0205
Sauger-all July Trammel net .0180 .0180 2 2 2 22 200 -.0001 .0097 0 .0096



22  


Pow
er to Detect Trends in M

issouri River Fish Populations w
ithin the Habitat Assessm

ent M
onitoring Program

Table 6. Model statistics for all models used in the power analysis.—Continued

[--, no number was required because the unbound restricted maximum likeihood analysis was not needed]

Factor levels Unbound Bound
Yearly Yearly 

Bend Subsample Bend Subsample catch per catch per 
Species Month Gear type Sub- variance variance variance variance unit  unit  Universe Treatment Radius Bend

samples component component component component control treatment
estimate estimate estimate estimate

Sauger-all Aug. Mini-fyke net 0.0101 0.0346 1 2 2 12 92 -0.0012 0.0093 0 0.0078
Sauger-all Aug. Otter trawl .0113 .0162 1 2 2 11 88 -- -- .0003 .0161
Sauger-all Aug. Trammel net .0298 0 1 2 1 4 32 -- -- .0007 .0159
Sauger-all Sept. Mini-fyke net 0 .0174 1 2 1 7 61 -- -- .0001 .0050
Sauger-all Sept. Otter trawl .0324 .0139 1 2 2 9 97 -.0004 .0165 0 .0163
Sauger-all Sept. Trammel net 0 .0473 1 2 1 7 64 -.0007 .0189 0 .0184
Sauger-adult July Trammel net .0180 .0180 2 2 2 22 200 -.0001 .0096 0 .0096
Sauger-adult Aug. Otter trawl .0113 .0162 1 2 2 11 88 -- -- .0003 .0161
Sauger-adult Aug. Trammel net .0298 0 1 2 1 4 32 -- -- .0007 .0159
Sauger-adult Sept. Otter trawl .0186 0 1 2 1 5 57 -- -- .0002 .0043
Sauger-adult Sept. Trammel net 0 .0473 1 2 1 7 64 -.0007 .0189 0 .0184
Sauger-juvenile July Otter trawl .0294 .0183 2 2 2 21 167 -- -- .0008 .0205
Sauger-juvenile Aug. Mini-fyke net .0101 .0346 1 2 2 12 92 -.0012 .0093 0 .0078
Sauger-juvenile Sept. Mini-fyke net 0 .0174 1 2 1 7 61 -- -- .0001 .0050
Sauger-juvenile Sept. Otter trawl .0231 .0139 1 2 2 9 97 -.0006 .0140 0 .0136
Shovelnose sturgeon-all July Otter trawl .2938 .1844 2 2 2 21 167 -.0104 .1892 0 .1826
Shovelnose sturgeon-all July Trammel net .6384 .8190 2 2 2 22 200 -- -- .4136 5.4674
Shovelnose sturgeon-all Aug. Otter trawl .3463 .3465 2 2 2 17 108 -.0700 .8265 0 .7773
Shovelnose sturgeon-all Aug. Trammel net .1289 .1830 2 2 2 15 97 -.0185 .4583 0 .4485
Shovelnose sturgeon-all Sept. Otter trawl .6319 .4555 2 2 2 15 119 -- -- .1030 2.3216
Shovelnose sturgeon-all Sept. Trammel net .9034 .3588 2 2 2 17 128 -.0982 1.5715 0 1.5057
Shovelnose sturgeon-adult July Otter trawl .0845 .1234 2 2 2 21 167 -.0011 .0459 0 .0452
Shovelnose sturgeon-adult July Trammel net .4494 .2461 2 2 2 22 200 -- -- .0373 .9577
Shovelnose sturgeon-adult Aug. Otter trawl .2242 .1524 2 2 2 17 108 -.0019 .3076 0 .3064
Shovelnose sturgeon-adult Aug. Trammel net .0234 .1288 2 2 2 15 97 -.0061 .0625 0 .0593
Shovelnose sturgeon-adult Sept. Otter trawl .1764 .0784 2 2 2 15 119 -.0071 .3231 0 .3194
Shovelnose sturgeon-adult Sept. Trammel net .3586 .1471 2 2 2 17 128 -.0170 .2724 0 .2598
Shovelnose sturgeon-juvenile July Otter trawl .2092 .0610 2 2 2 21 167 -.0084 .1183 0 .1126
Shovelnose sturgeon-juvenile July Trammel net .1890 .5729 2 2 2 22 200 -- -- .1724 2.2975
Shovelnose sturgeon-juvenile Aug. Otter trawl .1222 .1940 2 2 2 17 108 -.0221 .2387 0 .2247
Shovelnose sturgeon-juvenile Aug. Trammel net .1055 .0542 2 2 2 15 97 -.0068 .3777 0 .3740
Shovelnose sturgeon-juvenile Sept. Otter trawl .4555 .3771 2 2 2 15 119 -- -- .0823 1.2848
Shovelnose sturgeon-juvenile Sept. Trammel net .5448 .2117 2 2 2 17 128 -.0371 .5933 0 .5697
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Table 6. Model statistics for all models used in the power analysis.—Continued

[--, no number was required because the unbound restricted maximum likeihood analysis was not needed]

Factor levels Unbound Bound
Yearly Yearly 

Bend Subsample Bend Subsample catch per catch per 
Species Month Gear type Sub- variance variance variance variance unit  unit  Universe Treatment Radius Bend

samples component component component component control treatment
estimate estimate estimate estimate

Sicklefin chub-all July Otter trawl 2.1561 1.3784 2 2 2 21 167 -0.9304 14.8871 0 14.1697
Sicklefin chub-all Aug. Otter trawl .3079 .4942 2 2 2 17 108 -.0634 .5223 0 .4641
Sicklefin chub-all Sept. Otter trawl .0494 0 1 2 2 6 22 -- -- .0015 .0157
Speckled chub-all July Otter trawl .1745 .2799 2 2 2 21 167 -.0033 .1411 0 .1389
Speckled chub-all Aug. Mini-fyke net .0811 0 1 2 2 12 92 -- -- .0031 .0492
Speckled chub-all Aug. Otter trawl .3623 .2317 2 2 2 17 108 -- -- .0179 .9556
Speckled chub-all Sept. Mini-fyke net .0897 .1176 1 2 2 12 106 -- -- .0011 .1023
Speckled chub-all Sept. Otter trawl .3614 .7738 2 2 2 15 119 -- -- 1.2098 11.3698
Sturgeon chub-all July Otter trawl .0317 .0332 2 2 2 21 167 -.0004 .0205 0 .0202
Sturgeon chub-all Aug. Otter trawl .1357 .1155 2 2 2 17 108 -- -- .0017 .3960
Sturgeon chub-all Sept. Mini-fyke net .0223 .1081 1 2 1 5 45 -- -- .0038 .0384
Sturgeon chub-all Sept. Otter trawl .0876 .0849 2 2 2 15 119 -- -- .0087 .1444
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Table 7.  The total count of fish (proportion of non-occurrence in subsamples) and the number of bends the species 
occupied (proportion of non-occurrence in bends) in the power analysis for each gear type in July 2006.

[--, species was not caught for that gear]

Species
Mini-fyke net Otter trawl Trammel net

 Count   Bend  Count   Bend Count   Bend

Blue sucker-all -- -- -- -- 46 (0.83) 17 (0.19) 156 (0.74) 18 (0.18)
Blue sucker-adult -- -- -- -- 41 (.86) 14 (.33) 150 (.75) 17 (.23)
Blue sucker-juvenile -- -- -- -- 5 (.97) 5 (.76) 6 (.97) 6 (.73)
Palid sturgeon -- -- -- -- 4 (.98) 4 (.81) 1 (.92) 1 (.67)
Pallid sturgeon-adult -- -- -- -- 1 (.92) 1 (.67) -- -- -- --
Pallid sturgeon-juvenile -- -- -- -- 3 (.98) 3 (.86) 1 (.92) 1 (.67)
Sand shiner-all 297 (0.59) 4 (0.2 ) 19 (.97) 2 (.71) -- -- -- --
Sauger-all -- -- -- -- 5 (.97) 5 (.76) 5 (.98) 5 (.77)
Sauger-adult -- -- -- -- -- -- -- -- 5 (.98) 5 (.77)
Sauger-juvenile -- -- -- -- 5 (.97) 5 (.76) -- -- -- --
Shovelnose sturgeon-all -- -- -- -- 62 (.77) 20 (.05) 204 (.69) 20 (.09)
Shovelnose sturgeon-adult -- -- -- -- 22 (.89) 14 (.33) 96 (.8 ) 18 (.18)
Shovelnose sturgeon-juvenile -- -- -- -- 40 (.84) 17 (.19) 108 (.79) 17 (.23)
Sicklefin chub-all -- -- -- -- 173 (.91) 9 (.57) -- -- -- --
Speckled chub-all 4 (.93) 2 (.6 ) 42 (.89) 14 (.33) -- -- -- --
Sturgeon chub-all -- -- -- -- 9 (.95) 8 (.62) -- -- -- --

Table 8.  The total count of fish (proportion of non-occurrence in subsamples) and the number of bends the 
species occupied (proportion of non-occurrence in bends) in the power analysis for each gear type in August 
2006.

[--, species was not caught for that gear]

Species
Mini-fyke net Otter trawl Trammel net

Count Bend   Count   Bend  Count   Bend

Blue sucker-all -- -- -- -- 8 (0.93) 8 (0.53) 8 (0.92) 5 (0.44)
Blue sucker-adult -- -- -- -- 6 (.93) 6 (.45) 8 (.92) 5 (.44)
Blue sucker-juvenile -- -- -- -- 2 (.98) 2 (.82) -- -- -- --
Palid sturgeon -- -- -- -- -- -- -- -- 1 (.96) 1 (.67)
Pallid sturgeon-adult -- -- -- -- -- -- -- -- -- -- -- --
Pallid sturgeon-juvenile -- -- -- -- -- -- -- -- 1 (.96) 1 (.67)
Sand shiner-all 2,105 (0.24) 12 (0.0) 3 (.97) 3 (.73) -- -- -- --
Sauger-all 3 (.97) 3 (.75) 2 (.98) 2 (.82) 1 (.96) 1 (.67)
Sauger-adult -- -- -- -- 2 (.98) 2 (.82) 1 (.96) 1 (.67)
Sauger-juvenile 3 (.97) 3 (.75) -- -- -- -- -- -- -- --
Shovelnose sturgeon-all -- -- -- -- 67 (.78) 14 (.18) 26 (.88) 9 (.4 )
Shovelnose sturgeon-adult -- -- -- -- 36 (.87) 11 (.35) 9 (.93) 6 (.6 )
Shovelnose sturgeon-juvenile -- -- -- -- 31 (.84) 11 (.35) 17 (.92) 6 (.6 )
Sicklefin chub-all -- -- -- -- 54 (.9 ) 6 (.65) -- -- -- --
Speckled chub-all 9 (.95) 4 (.71) 53 (.86) 10 (.41) -- -- -- --
Sturgeon chub-all -- -- -- -- 25 (.88) 9 (.47) -- -- -- --
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Table 9.  The total count of fish (proportion of non-occurrence in subsamples) and the number of bends 
the species occupied (proportion of non-occurrence in bends) in the power analysis for each gear type in 
September 2006.

[--, species was not caught for that gear]

Species
Mini-fyke net Otter trawl Trammel net

Count   Bend Count  Bend Count   Bend

Blue sucker-all -- -- -- -- 18 (0.84) 7 (0.22) 41 (0.83) 9 (0.47)
Blue sucker-adult -- -- -- -- 17 (.85) 7 (.22) 29 (.84) 9 (.47)
Blue sucker-juvenile -- -- -- -- 1 (.98) 1 (.8 ) 12 (.97) 3 (.82)
Palid sturgeon -- -- -- -- 1 (.98) 1 (.8 ) -- -- -- --
Pallid sturgeon-adult -- -- -- -- -- -- -- -- -- -- -- --
Pallid sturgeon-juvenile -- -- -- -- 1 (.98) 1 (.8 ) -- -- -- --
Sand shiner-all 479 (0.4) 12 (0.0) 2 (.96) 2 (.6 ) -- -- -- --
Sauger-all 1 (.98) 1 (.86) 3 (.97) 3 (.67) 2 (.97) 2 (.71)
Sauger-adult -- -- -- -- 1 (.98) 1 (.8 ) 2 (.97) 2 (.71)
Sauger-juvenile 1 (.98) 1 (.86) 2 (.98) 2 (.78) -- -- -- --
Shovelnose sturgeon-all -- -- -- -- 146 (.61) 13 (.13) 101 (.88) 8 (.53)
Shovelnose sturgeon-adult -- -- -- -- 35 (.83) 10 (.33) 42 (.92) 6 (.65)
Shovelnose sturgeon-juvenile -- -- -- -- 111 (.65) 12 (.2 ) 59 (.9 ) 8 (.53)
Sicklefin chub-all -- -- -- -- 3 (.91) 2 (.67) -- -- -- --
Speckled chub-all 18 (.89) 9 (.25) 123 (.73) 11 (.27) -- -- -- --
Sturgeon chub-all 4 (.94) 2 (.6 ) 26 (.88) 8 (.47) -- -- -- --
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Table 10.  Summary of the different bend/subsample levels needed to reach a power of 0.8 when detecting treatment differences in the Habitat Assessment 
Monitoring Program.

[--, species did not meet minimum catch criteria and power was not calculated; >, greater than]

Species
Bend/subsample level for mini-

fyke net
Bend/subsample level for otter trawl Bend/subsample level for trammel net

August September July August September July August September

Blue sucker-all -- -- >80/16 >80/16 a >80/16 >80/16 20/16 a 40/8
Blue sucker-adult -- -- >80/16 40/16 a >80/16 >80/16 20/16 a >80/16
Blue sucker-juvenile -- -- >80/16 20/16 b 20/16 a c >80/16 a -- 20/8 b

Pallid sturgeon-all -- -- 20/4 a -- 40/8 b 20/12b 20/16 c --
Pallid sturgeon-adult -- -- 4/8 a c -- -- -- -- --
Pallid sturgeon-juvenile -- -- >80/16 a -- 40/8 b 20/12 b 20/16 c --
Sand shiner-all 80/8 40/16 40/8 b 80/16 a 20/8 a b -- -- --
Sauger-all 20/12 a 40/12 c >80/16 >80/16 80/12 a >80/16 a 40/12 b 20/8 a c

Sauger-adult -- -- -- >80/16 40/8 b >80/16 a 40/12 b 20/8 a c

Sauger-juvenile 20/12 a 40/12 c >80/16 -- >80/16 a -- -- --
Shovelnose sturgeon-all -- -- 20/16 a >80/16 a >80/16 >80/16 >80/16 a 20/8 a

Shovelnose sturgeon-adult -- -- 40/12 a 80/12 a 40/16 a 40/16 20/8 a 20/8 a

Shovelnose sturgeon-juvenile -- -- 20/8 a 80/12 a >80/16 40/12 >80/16 a 20/8 a

Sicklefin chub-all -- -- 40/12 a 20/12 a 20/12 b -- -- --
Speckled chub-all 20/12 b >80/16 20/12 a 80/16 >80/16 -- -- --
Sturgeon chub-all -- 20/8 >80/16 a >80/16 >80/16 -- -- --

a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maxiumum Likelihood estimation methods.
b Models with the treatment mean response of zero.
c Models with the control mean response of zero.
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Table 11.  Summary of blue sucker-all power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample levels for 
each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July 0.00224 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Aug.a .00950 .05 .05 .06 .06 .06 .07 .08 .09 .07 .09 .11 .13 .09 .13 .16 .20

Sept. .01654 .05 .05 .06 .06 .06 .07 .09 .09 .08 .10 .12 .14 .11 .15 .20 .23

Trammel net July .18947 .06 .06 .06 .06 .10 .11 .12 .12 .14 .18 .19 .20 .24 .30 .34 .36

Aug.a .07500 .09 .13 .17 .22 .29 .51 .68 .80 .52 .81 .93 .98 .81 .98 1.00 1.00

Sept. .18485 .12 .16 .18 .20 .44 .60 .69 .73 .72 .88 .93 .96 .95 .99 1.00 1.00

Difference Otter trawl July .00224 .56 .42 .37 .34 .24 .18 .16 .15 .17 .13 .11 .10 .12 .09 .08 .07

   needed for Aug.a .00950 .22 .16 .13 .11 .09 .07 .05 .05 .07 .05 .04 .03 .05 .03 .03 .02

   power to Sept. .01654 .33 .24 .20 .18 .14 .10 .08 .08 .10 .07 .06 .05 .07 .05 .04 .04

   equal 0.8 Trammel net July .18947 1.97 1.71 1.61 1.55 .85 .74 .69 .67 .60 .52 .49 .47 .42 .37 .35 .33

Aug.a .07500 .36 .25 .21 .18 .15 .11 .09 .07 .11 .07 .06 .05 .07 .05 .04 .04

Sept. .18485 .67 .54 .49 .46 .29 .23 .21 .20 .20 .16 .15 .14 .14 .12 .11 .10

Multiplier Otter trawl July .00224 248.42 189.21 164.82 151.15 107.27 81.70 71.17 65.27 75.60 57.58 50.16 46.00 53.37 40.65 35.41 32.48

   needed for Aug.a .00950 23.11 16.34 13.34 11.55 9.98 7.06 5.76 4.99 7.03 4.97 4.06 3.52 4.96 3.51 2.87 2.48

   power to Sept. .01654 19.75 14.53 12.31 11.03 8.21 6.04 5.12 4.58 5.77 4.24 3.59 3.22 4.07 2.99 2.53 2.27

   equal 0.8 Trammel net July .18947 10.42 9.01 8.48 8.21 4.50 3.89 3.66 3.54 3.17 2.74 2.58 2.50 2.24 1.94 1.82 1.76

Aug.a .07500 4.80 3.39 2.77 2.40 2.00 1.41 1.15 1.00 1.40 .99 .81 .70 .99 .70 .57 .49

Sept. .18485 3.61 2.92 2.66 2.51 1.56 1.26 1.15 1.08 1.10 .89 .81 .76 .78 .63 .57 .54
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
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Table 12.  Summary of blue sucker-adult power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample levels 
for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July 0.00819 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.06 0.06 0.06

Aug.a .03448 .07 .10 .12 .15 .19 .33 .46 .57 .33 .58 .75 .86 .58 .87 .96 .99

Sept. .00668 .05 .05 .05 .05 .05 .05 .06 .06 .05 .06 .06 .07 .06 .07 .07 .08

Trammel net July .18464 .06 .06 .06 .06 .09 .11 .12 .12 .14 .17 .19 .19 .23 .29 .32 .34

Aug.a .07500 .09 .13 .17 .22 .29 .51 .68 .80 .52 .81 .93 .98 .81 .98 1.00 1.00

Sept. .07303 .06 .07 .08 .09 .13 .18 .22 .25 .22 .32 .39 .44 .38 .56 .66 .73

Difference Otter trawl July .00819 .55 .43 .38 .35 .24 .18 .16 .15 .17 .13 .11 .11 .12 .09 .08 .07

   needed for Aug.a .03448 .22 .15 .12 .11 .09 .06 .05 .04 .06 .04 .04 .03 .04 .03 .03 .02

   power to Sept. .00668 .32 .24 .20 .18 .13 .10 .08 .07 .09 .07 .06 .05 .07 .05 .04 .04

   equal 0.8 Trammel net July .18464 1.96 1.70 1.60 1.55 .84 .73 .69 .67 .60 .52 .49 .47 .42 .36 .34 .33

Aug.a .07500 .36 .25 .21 .18 .15 .11 .09 .07 .11 .07 .06 .05 .07 .05 .04 .04

Sept. .07303 .57 .45 .40 .37 .25 .19 .17 .16 .17 .14 .12 .11 .12 .10 .09 .08

Multiplier Otter trawl July .00819 67.55 52.19 45.94 42.47 29.17 22.53 19.84 18.34 20.56 15.88 13.98 12.93 14.51 11.21 9.87 9.13

   needed for Aug.a .03448 6.28 4.44 3.62 3.14 2.61 1.85 1.51 1.30 1.83 1.30 1.06 .92 1.29 .91 .75 .65

   power to Sept. .00668 47.91 35.18 29.75 26.62 19.92 14.62 12.37 11.07 13.99 10.27 8.69 7.77 9.86 7.24 6.12 5.48

   equal 0.8 Trammel net July .18464 10.59 9.19 8.68 8.41 4.57 3.97 3.75 3.63 3.22 2.80 2.64 2.56 2.28 1.98 1.86 1.81

Aug.a .07500 4.80 3.39 2.77 2.40 2.00 1.41 1.15 1.00 1.40 .99 .81 .70 .99 .70 .57 .49

Sept. .07303 7.85 6.15 5.46 5.09 3.39 2.65 2.36 2.20 2.39 1.87 1.66 1.55 1.69 1.32 1.17 1.09
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
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Table 13.  Summary of the blue sucker-juvenile power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample 
levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α= 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July 0.00595 0.05 0.05 0.06 0.06 0.06 0.07 0.08 0.09 0.08 0.10 0.12 0.13 0.11 0.15 0.19 0.22

Aug.a .02674 .10 .15 .19 .24 .33 .55 .71 .82 .57 .85 .95 .98 .86 .99 1.00 1.00

Sept.b c .01972 .09 .13 .17 .21 .31 .54 .71 .83 .55 .84 .95 .99 .85 .99 1.00 1.00

Trammel net Julyc .00483 .05 .05 .05 .05 .06 .06 .07 .07 .06 .07 .08 .09 .07 .09 .11 .14

Sept.a .11182 .18 .24 .27 .29 .68 .82 .88 .90 .93 .98 .99 1.00 1.00 1.00 1.00 1.00

Difference Otter trawl July .00595 .11 .08 .07 .06 .05 .04 .03 .03 .03 .03 .02 .02 .02 .02 .02 .01

   needed for Aug.a .02674 .12 .08 .07 .06 .05 .04 .03 .03 .04 .03 .02 .02 .02 .02 .01 .01

   power to Sept.b c .01972 .10 .07 .06 .05 .04 .03 .02 .02 .03 .02 .02 .01 .02 .01 .01 .01

   equal 0.8 Trammel net Julyc .00483 .15 .10 .09 .07 .06 .05 .04 .03 .04 .03 .03 .02 .03 .02 .02 .02

Sept.a .11182 .30 .25 .23 .22 .13 .11 .10 .10 .09 .08 .07 .07 .06 .05 .05 .05

Multiplier Otter trawl July .00595 19.00 14.13 12.08 10.91 8.20 6.10 5.21 4.71 5.78 4.30 3.67 3.32 4.08 3.04 2.59 2.34

   needed for Aug.a .02674 4.30 3.09 2.57 2.26 1.86 1.34 1.11 .98 1.31 .94 .78 .69 .92 .66 .55 .49

   power to Sept.b c .01972 5.03 3.56 2.90 2.51 1.92 1.36 1.11 .96 1.34 .95 .77 .67 .94 .67 .54 .47

   equal 0.8 Trammel net Julyc .00483 30.54 21.59 17.63 15.27 13.19 9.32 7.61 6.59 9.29 6.57 5.37 4.65 6.56 4.64 3.79 3.28

Sept.a .11182 2.68 2.24 2.08 1.99 1.16 .97 .90 .86 .82 .68 .63 .61 .58 .48 .45 .43
a Models with the treated mean response of zero.
b Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
c Models with the untreated mean response of zero.
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Table 14.  Summary of the pallid sturgeon-all power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample 
levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl Julya 0.03012 0.25 0.44 0.61 0.73 0.85 0.99 1.00 1.00 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Sept.a .02103 .09 .13 .15 .17 .35 .54 .66 .73 .62 .84 .92 .96 .90 .99 1.00 1.00

Trammel net Julyb .03349 .14 .18 .21 .22 .59 .76 .83 .87 .88 .97 .99 .99 .99 1.00 1.00 1.00

Aug.c .02296 .09 .13 .16 .20 .31 .53 .70 .82 .55 .83 .95 .98 .84 .99 1.00 1.00

Difference Otter trawl Julya .03012 .07 .05 .04 .03 .03 .02 .02 .01 .02 .01 .01 .01 .01 .01 .01 .01

   needed for Sept.a .02103 .10 .07 .07 .06 .04 .03 .02 .02 .03 .02 .02 .02 .02 .01 .01 .01

   power to Trammel net Julyb .03349 .11 .09 .08 .08 .04 .04 .03 .03 .03 .02 .02 .02 .02 .02 .02 .01

   equal 0.8 Aug.c .02296 .12 .08 .07 .06 .04 .03 .03 .02 .03 .02 .02 .02 .02 .02 .01 .01

Multiplier Otter trawl Julya .03012 2.18 1.54 1.26 1.09 .94 .66 .54 .47 .66 .47 .38 .33 .47 .33 .27 .23

   needed for Sept.a .02103 4.62 3.54 3.10 2.85 1.77 1.35 1.18 1.09 1.23 .94 .82 .76 .87 .66 .58 .53

   power to Trammel net Julyb .03349 3.37 2.75 2.51 2.38 1.29 1.05 .96 .91 .90 .73 .67 .63 .63 .51 .47 .45

   equal 0.8 Aug.c .02296 5.06 3.59 2.94 2.55 1.93 1.37 1.12 .97 1.35 .96 .78 .68 .95 .67 .55 .48
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
b Models with the treated mean response of zero.
c Models with the untreated mean response of zero.
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Table 15.  Summary of the pallid sturgeon-adult power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample 
levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July a b 0.11906 0.58 0.86 0.96 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Difference Otter trawl July a b .11906 .16 .11 .09 .08 .06 .04 .03 .03 .04 .03 .02 .02 .03 .02 .02 .01

   needed for

   power to

   equal 0.8

Multiplier Otter trawl July a b .11906 1.30 .92 .75 .65 .50 .35 .29 .25 .35 .25 .20 .17 .24 .17 .14 .12

   needed for

   power to

   equal 0.8
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
b Models with the untreated mean response of zero.
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Table 16.  Summary of the pallid sturgeon-juvenile power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample 
levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current  
model  

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July a 0.00035 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Sept. b .02103 .09 .13 .15 .17 .35 .54 .66 .73 .62 .84 .92 .96 .90 .99 1.00 1.00

Trammel net July b .03349 .14 .18 .21 .22 .59 .76 .83 .87 .88 .97 .99 .99 .99 1.00 1.00 1.00

Aug. c .02296 .09 .13 .16 .20 .31 .53 .70 .82 .55 .83 .95 .98 .84 .99 1.00 1.00

Difference Otter trawl July a .00035 .06 .04 .03 .03 .02 .02 .01 .01 .02 .01 .01 .01 .01 .01 .01 .01

   needed for Sept. b .02103 .10 .07 .07 .06 .04 .03 .02 .02 .03 .02 .02 .02 .02 .01 .01 .01

   power to Trammel net July b .03349 .11 .09 .08 .08 .04 .04 .03 .03 .03 .02 .02 .02 .02 .02 .02 .01

   equal 0.8 Aug. c .02296 .12 .08 .07 .06 .04 .03 .03 .02 .03 .02 .02 .02 .02 .02 .01 .01

Multiplier Otter trawl July a .00035 160.89 113.77 92.89 80.45 69.47 49.12 40.11 34.74 48.96 34.62 28.27 24.48 34.57 24.44 19.96 17.28

   needed for Sept. b .02103 4.62 3.54 3.10 2.85 1.77 1.35 1.18 1.09 1.23 .94 .82 .76 .87 .66 .58 .53

   power to Trammel net July b .03349 3.37 2.75 2.51 2.38 1.29 1.05 .96 .91 .90 .73 .67 .63 .63 .51 .47 .45

   equal 0.8 Aug. c .02296 5.06 3.59 2.94 2.55 1.93 1.37 1.12 .97 1.35 .96 .78 .68 .95 .67 .55 .48
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
b Models with the treated mean response of zero.
c Models with the untreated mean response of zero.
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Table 17.  Summary of the sand shiner-all power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample levels for 
each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Mini-fyke net Aug. 6.11675 0.08 0.10 0.11 0.12 0.24 0.35 0.42 0.47 0.43 0.61 0.71 0.76 0.72 0.89 0.94 0.97

Sept. 1.22988 .09 .11 .12 .13 .26 .39 .47 .52 .47 .67 .76 .82 .76 .92 .97 .98

Otter trawl July a .58212 .10 .13 .16 .19 .37 .58 .70 .78 .64 .87 .95 .98 .91 .99 1.00 1.00

Aug.b .01613 .06 .07 .08 .09 .11 .18 .24 .30 .18 .31 .43 .54 .31 .54 .71 .83

Sept. a b .03921 .12 .19 .27 .34 .51 .80 .93 .98 .81 .98 1.00 1.00 .98 1.00 1.00 1.00

Difference Mini-fyke net Aug. 6.11675 32.72 26.06 23.42 21.98 13.60 10.83 9.73 9.14 9.56 7.61 6.84 6.42 6.74 5.36 4.82 4.52

   needed for Sept. 1.22988 6.26 4.94 4.41 4.12 2.60 2.05 1.83 1.71 1.83 1.44 1.29 1.20 1.29 1.02 .91 .85

   power to Otter trawl July a .58212 2.64 1.99 1.71 1.56 1.01 .76 .65 .60 .70 .53 .46 .42 .49 .37 .32 .29

   equal 0.8 Aug.b .01613 .15 .11 .09 .08 .06 .04 .04 .03 .04 .03 .03 .02 .03 .02 .02 .02

Sept. a b .03921 .14 .10 .08 .07 .06 .04 .03 .03 .04 .03 .02 .02 .03 .02 .02 .01

Multiplier Mini-fyke net Aug. 6.11675 5.35 4.26 3.83 3.59 2.22 1.77 1.59 1.49 1.56 1.24 1.12 1.05 1.10 .88 .79 .74

   needed for Sept. 1.22988 5.09 4.02 3.59 3.35 2.12 1.67 1.49 1.39 1.49 1.17 1.05 .98 1.05 .83 .74 .69

   power to Otter trawl July a .58212 4.53 3.41 2.94 2.68 1.73 1.30 1.12 1.02 1.21 .91 .78 .71 .85 .64 .55 .50

   equal 0.8 Aug.b .01613 9.34 6.60 5.39 4.67 3.88 2.74 2.24 1.94 2.73 1.93 1.57 1.36 1.92 1.36 1.11 .96

Sept.a b .03921 3.69 2.61 2.13 1.84 1.41 1.00 .81 .70 .98 .69 .57 .49 .69 .49 .40 .35
a Models with the treated mean response of zero.
b Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
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Table 18.  Summary of the sauger-all power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample levels for each 
gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Mini-fyke net Aug. a 0.02458 0.11 0.18 0.24 0.30 0.41 0.69 0.85 0.93 0.70 0.94 0.99 1.00 0.94 1.00 1.00 1.00

Sept. b .01740 .09 .12 .14 .16 .30 .49 .62 .71 .54 .79 .90 .95 .83 .98 1.00 1.00

Otter trawl July .01108 .05 .06 .06 .06 .07 .09 .11 .12 .10 .14 .17 .19 .15 .23 .29 .34

Aug. .00494 .05 .05 .05 .05 .06 .06 .07 .07 .06 .07 .08 .09 .08 .10 .12 .14

Sept. a .01847 .07 .08 .10 .12 .15 .25 .35 .44 .25 .44 .61 .73 .45 .73 .89 .95

Trammel net July a .00002 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05

Aug. c .02977 .08 .11 .13 .14 .27 .43 .54 .61 .49 .72 .84 .90 .78 .95 .99 1.00

Sept. a b .04733 .13 .22 .30 .38 .58 .86 .96 .99 .87 .99 1.00 1.00 .99 1.00 1.00 1.00

Difference Mini-fyke net Aug. a .02458 .10 .07 .06 .05 .04 .03 .02 .02 .03 .02 .02 .01 .02 .01 .01 .01

   needed for Sept. b .01740 .09 .07 .06 .05 .03 .03 .02 .02 .02 .02 .02 .01 .02 .01 .01 .01

   power to Otter trawl July .01108 .16 .12 .10 .09 .07 .05 .04 .04 .05 .04 .03 .03 .03 .03 .02 .02

   equal 0.8 Aug. .00494 .14 .10 .09 .08 .06 .04 .04 .03 .04 .03 .03 .02 .03 .02 .02 .02

Sept. a .01847 .14 .10 .08 .07 .06 .04 .03 .03 .04 .03 .02 .02 .03 .02 .02 .01

Trammel net July a .00002 .10 .07 .06 .05 .04 .03 .03 .02 .03 .02 .02 .02 .02 .02 .01 .01

Aug. c .02977 .16 .12 .11 .10 .06 .05 .04 .04 .04 .03 .03 .03 .03 .02 .02 .02

Sept. a b .04733 .16 .11 .09 .08 .06 .04 .04 .03 .04 .03 .02 .02 .03 .02 .02 .02

Multiplier Mini-fyke net Aug. a .02458 3.88 2.74 2.24 1.94 1.61 1.14 .93 .81 1.13 .80 .65 .57 .80 .56 .46 .40

   needed for Sept. b .01740 5.12 3.81 3.25 2.94 1.96 1.45 1.24 1.12 1.36 1.01 .87 .78 .96 .71 .61 .55

   power to Otter trawl July .01108 14.29 10.74 9.26 8.43 6.17 4.64 4.00 3.64 4.36 3.27 2.82 2.56 3.07 2.31 1.99 1.81

   equal 0.8 Aug. .00494 28.86 21.18 17.91 16.02 12.00 8.81 7.44 6.66 8.43 6.19 5.23 4.68 5.94 4.36 3.69 3.30

Sept. a .01847 7.45 5.27 4.30 3.73 3.10 2.19 1.79 1.55 2.18 1.54 1.26 1.09 1.53 1.08 .89 .77

Trammel net July a .00002 4,692 3,318 2,709 2,346 2,026 1,433 1,170 1,013 1,428 1,010 824 714 1,008 713 582 504

Aug. c .02977 5.45 4.12 3.57 3.26 2.08 1.57 1.36 1.24 1.45 1.10 .95 .87 1.02 .77 .67 .61

Sept. a b .04733 3.41 2.41 1.97 1.71 1.30 .92 .75 .65 .91 .64 .52 .45 .64 .45 .37 .32
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
b Models with the untreated mean response of zero.
c Models with the treated mean response of zero.
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Table 19.  Summary of the sauger-adult power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample levels for 
each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl Aug. 0.00494 0.05 0.05 0.05 0.05 0.06 0.06 0.07 0.07 0.06 0.07 0.08 0.09 0.08 0.10 0.12 0.14

Sept. a .01860 .09 .13 .15 .17 .35 .54 .66 .73 .62 .84 .92 .96 .90 .99 1.00 1.00

Trammel net July b .00002 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05

Aug. a .02977 .08 .11 .13 .14 .27 .43 .54 .61 .49 .72 .84 .90 .78 .95 .99 1.00

Sept. b c .04733 .13 .22 .30 .38 .58 .86 .96 .99 .87 .99 1.00 1.00 .99 1.00 1.00 1.00

Difference Otter trawl Aug. .00494 .14 .10 .09 .08 .06 .04 .04 .03 .04 .03 .03 .02 .03 .02 .02 .02

   needed for Sept. a .01860 .09 .07 .06 .05 .03 .03 .02 .02 .02 .02 .02 .01 .02 .01 .01 .01

   power to Trammel net July b .00002 .10 .07 .06 .05 .04 .03 .03 .02 .03 .02 .02 .02 .02 .02 .01 .01

   equal 0.8 Aug. a .02977 .16 .12 .11 .10 .06 .05 .04 .04 .04 .03 .03 .03 .03 .02 .02 .02

Sept. b c .04733 .16 .11 .09 .08 .06 .04 .04 .03 .04 .03 .02 .02 .03 .02 .02 .02

Multiplier Otter trawl Aug. .00494 28.86 21.18 17.91 16.02 12.00 8.81 7.44 6.66 8.43 6.19 5.23 4.68 5.94 4.36 3.69 3.30

   needed for Sept. a .01860 4.62 3.54 3.10 2.85 1.77 1.35 1.18 1.09 1.23 .94 .82 .76 .87 .66 .58 .53

   power to Trammel net July b .00002 4,692 3,318 2,709 2,346 2,026 1,433 1,170 1,013 1,428 1,010 824 714 1,008 713 582 504

   equal 0.8 Aug. a .02977 5.45 4.12 3.57 3.26 2.08 1.57 1.36 1.24 1.45 1.10 .95 .87 1.02 .77 .67 .61

Sept. b c .04733 3.41 2.41 1.97 1.71 1.30 .92 .75 .65 .91 .64 .52 .45 .64 .45 .37 .32
a Models with the treated mean response of zero.
b Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
c Models with the untreated mean response of zero.
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Table 20.  Summary of the sauger-juvenile power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample levels 
for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Mini-fyke net Aug. a 0.02458 0.11 0.18 0.24 0.30 0.41 0.69 0.85 0.93 0.70 0.94 0.99 1.00 0.94 1.00 1.00 1.00

Sept. b .01740 .09 .12 .14 .16 .30 .49 .62 .71 .54 .79 .90 .95 .83 .98 1.00 1.00

Otter trawl July .01108 .05 .06 .06 .06 .07 .09 .11 .12 .10 .14 .17 .19 .15 .23 .29 .34

Sept. a .00917 .05 .06 .06 .07 .08 .11 .14 .17 .11 .17 .23 .29 .17 .29 .40 .51

Difference Mini-fyke net Aug. a .02458 .10 .07 .06 .05 .04 .03 .02 .02 .03 .02 .02 .01 .02 .01 .01 .01

   needed for Sept. b .01740 .09 .07 .06 .05 .03 .03 .02 .02 .02 .02 .02 .01 .02 .01 .01 .01

   power to Otter trawl July .01108 .16 .12 .10 .09 .07 .05 .04 .04 .05 .04 .03 .03 .03 .03 .02 .02

   equal 0.8 Sept. a .00917 .13 .09 .07 .06 .05 .04 .03 .03 .04 .03 .02 .02 .03 .02 .01 .01

Multiplier Mini-fyke net Aug. a .02458 3.88 2.74 2.24 1.94 1.61 1.14 .93 .81 1.13 .80 .65 .57 .80 .56 .46 .40

   needed for Sept. b .01740 5.12 3.81 3.25 2.94 1.96 1.45 1.24 1.12 1.36 1.01 .87 .78 .96 .71 .61 .55

   power to Otter trawl July .01108 14.29 10.74 9.26 8.43 6.17 4.64 4.00 3.64 4.35 3.27 2.82 2.56 3.07 2.31 1.99 1.81

   equal 0.8 Sept. a .00917 13.75 9.72 7.94 6.87 5.71 4.04 3.30 2.86 4.01 2.84 2.32 2.01 2.83 2.00 1.63 1.41
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
b Models with the treated mean response of zero.
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Table 21.  Summary of the shovelnose sturgeon-all power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample 
levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July a 0.10936 0.11 0.17 0.23 0.28 0.36 0.62 0.80 0.90 0.63 0.90 0.98 1.00 0.90 1.00 1.00 1.00

Aug. a .00013 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05

Sept. .17648 .06 .07 .07 .08 .10 .14 .17 .20 .16 .24 .30 .35 .27 .43 .53 .61

Trammel net July .18063 .05 .06 .06 .06 .07 .08 .09 .10 .09 .12 .14 .15 .14 .19 .23 .26

Aug. a .05414 .06 .06 .07 .07 .08 .11 .14 .17 .11 .17 .24 .30 .18 .30 .42 .53

Sept. a .54461 .23 .40 .55 .67 .80 .98 1.00 1.00 .98 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Difference Otter trawl July a .10936 .44 .31 .25 .22 .19 .13 .11 .10 .13 .09 .08 .07 .09 .07 .05 .05

   needed for Aug. a .00013 .91 .64 .53 .46 .39 .28 .23 .20 .28 .20 .16 .14 .20 .14 .11 .10

   power to Sept. .17648 1.71 1.29 1.12 1.03 .74 .56 .49 .44 .52 .39 .34 .31 .37 .28 .24 .22

   equal 0.8 Trammel net July .18063 2.76 2.16 1.93 1.79 1.19 .93 .83 .77 .84 .66 .59 .55 .59 .46 .41 .39

Aug. a .05414 .69 .49 .40 .35 .30 .21 .17 .15 .21 .15 .12 .11 .15 .11 .09 .07

Sept. a .54461 1.27 .90 .73 .63 .55 .39 .32 .27 .39 .27 .22 .19 .27 .19 .16 .14

Multiplier Otter trawl July a .10936 4.03 2.85 2.33 2.02 1.74 1.23 1.01 .87 1.23 .87 .71 .61 .87 .61 .50 .43

   needed for Aug. a .00013 6,821 4,823 3,938 3,411 2,945 2,083 1,700 1,473 2,076 1,468 1,199 1,038 1,466 1,036 846 733

   power to Sept. .17648 9.67 7.34 6.37 5.83 4.18 3.17 2.75 2.52 2.94 2.23 1.94 1.77 2.08 1.58 1.37 1.25

   equal 0.8 Trammel net July .18063 15.25 11.97 10.66 9.93 6.59 5.17 4.60 4.29 4.64 3.64 3.24 3.02 3.28 2.57 2.29 2.13

Aug. a .05414 12.77 9.03 7.37 6.39 5.51 3.90 3.18 2.76 3.89 2.75 2.24 1.94 2.74 1.94 1.58 1.37

Sept. a .54461 2.33 1.64 1.34 1.16 1.00 .71 .58 .50 .71 .50 .41 .35 .50 .35 .29 .25
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
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Table 22.  Summary of the shovelnose sturgeon-adult power, required mean difference, and multiplier needed using current treatment mean difference at different bend/
subsample levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July a 0.03886 0.08 0.11 0.14 0.17 0.21 0.37 0.51 0.63 0.37 0.64 0.81 0.90 0.64 0.90 0.98 1.00

Aug. a .07173 .06 .08 .09 .11 .13 .21 .29 .37 .21 .37 .52 .64 .37 .64 .81 .91

Sept. a .09804 .08 .10 .13 .16 .19 .34 .47 .59 .34 .59 .76 .87 .59 .87 .97 .99

Trammel net July .20326 .08 .11 .13 .14 .23 .36 .46 .54 .41 .63 .75 .83 .68 .90 .96 .98

Aug. a .10542 .22 .38 .53 .65 .78 .97 1.00 1.00 .97 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Sept. a .21150 .20 .36 .50 .62 .74 .96 .99 1.00 .96 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Difference Otter trawl July a .03886 .22 .16 .13 .11 .09 .07 .05 .05 .07 .05 .04 .03 .05 .03 .03 .02

   needed for Aug. a .07173 .57 .40 .33 .29 .25 .17 .14 .12 .17 .12 .10 .09 .12 .09 .07 .06

   power to Sept. a .09804 .58 .41 .34 .29 .25 .18 .15 .13 .18 .13 .10 .09 .13 .09 .07 .06

   equal 0.8 Trammel net July .20326 1.09 .82 .71 .64 .47 .35 .31 .28 .33 .25 .22 .20 .23 .18 .15 .14

Aug. a .10542 .25 .18 .15 .13 .11 .08 .06 .05 .08 .05 .04 .04 .05 .04 .03 .03

Sept. a .21150 .53 .37 .30 .26 .23 .16 .13 .11 .16 .11 .09 .08 .11 .08 .07 .06

Multiplier Otter trawl July a .03886 5.65 3.99 3.26 2.82 2.44 1.72 1.41 1.22 1.72 1.22 .99 .86 1.21 .86 .70 .61

   needed for Aug. a .07173 7.97 5.63 4.60 3.98 3.44 2.43 1.99 1.72 2.42 1.71 1.40 1.21 1.71 1.21 .99 .86

   power to Sept. a .09804 5.95 4.21 3.44 2.98 2.57 1.82 1.48 1.28 1.81 1.28 1.05 .91 1.28 .90 .74 .64

   equal 0.8 Trammel net July .20326 5.34 4.03 3.48 3.17 2.31 1.74 1.50 1.37 1.63 1.23 1.06 .96 1.15 .86 .75 .68

Aug. a .10542 2.39 1.69 1.38 1.19 1.03 .73 .59 .51 .73 .51 .42 .36 .51 .36 .30 .26

Sept. a .21150 2.49 1.76 1.44 1.24 1.07 .76 .62 .54 .76 .54 .44 .38 .53 .38 .31 .27
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
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Table 23.  Summary of the shovelnose sturgeon-juvenile power, required mean difference, and multiplier needed using current treatment mean difference at different bend/
subsample levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July a 0.14822 0.22 0.40 0.55 0.67 0.79 0.98 1.00 1.00 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Aug. a .07187 .07 .09 .11 .13 .16 .27 .38 .48 .27 .48 .65 .77 .48 .77 .91 .97

Sept. .07844 .05 .06 .06 .06 .07 .08 .09 .09 .09 .11 .13 .14 .12 .17 .21 .23

Trammel net July .38389 .09 .12 .14 .15 .29 .43 .52 .57 .51 .71 .81 .86 .80 .95 .98 .99

Aug. a .05128 .06 .06 .07 .07 .08 .12 .15 .18 .12 .18 .25 .32 .19 .32 .45 .56

Sept. a .33311 .22 .40 .55 .67 .79 .98 1.00 1.00 .98 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Difference Otter trawl July a .14822 .35 .24 .20 .17 .15 .11 .09 .07 .11 .07 .06 .05 .07 .05 .04 .04

   needed for Aug. a .07187 .49 .35 .28 .24 .21 .15 .12 .11 .15 .11 .09 .07 .11 .07 .06 .05

   power to Sept. .07844 1.31 1.02 .90 .83 .57 .44 .39 .36 .40 .31 .27 .25 .28 .22 .19 .18

   equal 0.8 Trammel net July .38389 1.78 1.40 1.25 1.16 .77 .60 .54 .50 .54 .43 .38 .35 .38 .30 .27 .25

Aug. a .05128 .63 .45 .36 .32 .27 .19 .16 .14 .19 .14 .11 .10 .14 .10 .08 .07

Sept. a .33311 .78 .55 .45 .39 .34 .24 .19 .17 .24 .17 .14 .12 .17 .12 .10 .08

Multiplier Otter trawl July a .14822 2.34 1.65 1.35 1.17 1.01 .71 .58 .50 .71 .50 .41 .36 .50 .36 .29 .25

   needed for Aug. a .07187 6.81 4.82 3.93 3.40 2.94 2.08 1.70 1.47 2.07 1.47 1.20 1.04 1.46 1.03 .84 .73

   power to Sept. .07844 16.72 12.98 11.46 10.62 7.22 5.60 4.95 4.58 5.09 3.95 3.49 3.23 3.59 2.79 2.46 2.28

   equal 0.8 Trammel net July .38389 4.65 3.65 3.24 3.02 2.01 1.57 1.40 1.31 1.41 1.11 .99 .92 1.00 .78 .70 .65

Aug. a .05128 12.31 8.71 7.11 6.16 5.32 3.76 3.07 2.66 3.75 2.65 2.16 1.87 2.65 1.87 1.53 1.32

Sept. a .33311 2.34 1.65 1.35 1.17 1.01 .71 .58 .51 .71 .50 .41 .36 .50 .36 .29 .25
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
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Table 24.  Summary of the sicklefin chub-all power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample 
levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Otter trawl July a 0.77769 0.09 0.12 0.16 0.20 0.25 0.45 0.61 0.74 0.45 0.74 0.89 0.96 0.74 0.96 0.99 1.00

Aug. a .18626 .12 .18 .25 .32 .40 .68 .85 .93 .68 .93 .99 1.00 .93 1.00 1.00 1.00

Sept. b .04943 .14 .19 .23 .25 .55 .74 .83 .87 .85 .96 .99 .99 .99 1.00 1.00 1.00

Difference Otter trawl July a .77769 3.89 2.75 2.24 1.94 1.68 1.19 .97 .84 1.18 .84 .68 .59 .83 .59 .48 .42

   needed for Aug. a .18626 .70 .50 .41 .35 .30 .21 .18 .15 .21 .15 .12 .11 .15 .11 .09 .08

   power to Sept. b .04943 .16 .13 .11 .11 .07 .05 .05 .04 .05 .04 .03 .03 .03 .03 .02 .02

   equal 0.8

Multiplier Otter trawl July a .77769 5.00 3.53 2.89 2.50 2.16 1.53 1.25 1.08 1.52 1.08 .88 .76 1.07 .76 .62 .54

   needed for Aug. a .18626 3.78 2.67 2.18 1.89 1.63 1.15 .94 .82 1.15 .81 .66 .57 .81 .57 .47 .41

   power to Sept. b .04943 3.22 2.58 2.32 2.18 1.34 1.07 .96 .91 .94 .75 .68 .64 .66 .53 .48 .45

   equal 0.8
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
b Models with the treated mean response of zero.
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Table 25.  Summary of the speckled chub-all power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample 
levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Mini-fyke net Aug.a 0.08107 0.14 0.20 0.24 0.27 0.53 0.75 0.85 0.89 0.83 0.96 0.99 1.00 0.98 1.00 1.00 1.00

Sept. .02791 .06 .06 .07 .07 .08 .11 .14 .17 .12 .18 .24 .30 .19 .32 .43 .53

Otter trawl July b .10546 .12 .19 .27 .34 .43 .71 .87 .94 .71 .95 .99 1.00 .95 1.00 1.00 1.00

Aug. .13058 .06 .08 .09 .10 .13 .20 .26 .31 .21 .35 .46 .55 .37 .60 .75 .84

Sept. .41236 .06 .06 .07 .07 .10 .13 .14 .15 .15 .21 .24 .26 .25 .36 .43 .47

Difference Mini-fyke net Aug. a .08107 .27 .21 .18 .17 .11 .09 .08 .07 .08 .06 .05 .05 .06 .04 .04 .04

   needed for Sept. .02791 .35 .25 .21 .19 .15 .11 .09 .08 .10 .07 .06 .05 .07 .05 .04 .04

   power to Otter trawl July b .10546 .38 .27 .22 .19 .17 .12 .10 .08 .12 .08 .07 .06 .08 .06 .05 .04

   equal 0.8 Aug. .13058 1.05 .77 .65 .58 .45 .33 .28 .25 .32 .23 .20 .18 .22 .16 .14 .12

Sept. .41236 4.16 3.35 3.03 2.86 1.79 1.45 1.31 1.24 1.26 1.02 .92 .87 .89 .72 .65 .61

Multiplier Mini-fyke net Aug.a .08107 3.31 2.57 2.26 2.10 1.38 1.07 .94 .87 .97 .75 .66 .61 .68 .53 .47 .43

   needed for Sept. .02791 12.64 9.12 7.60 6.71 5.25 3.79 3.16 2.79 3.69 2.66 2.22 1.96 2.60 1.88 1.56 1.38

   power to Otter trawl July b .10546 3.65 2.58 2.11 1.82 1.58 1.11 .91 .79 1.11 .79 .64 .56 .78 .55 .45 .39

   equal 0.8 Aug. .13058 8.01 5.86 4.94 4.41 3.46 2.53 2.13 1.90 2.44 1.78 1.50 1.34 1.72 1.26 1.06 .95

Sept. .41236 10.08 8.12 7.35 6.94 4.35 3.51 3.18 3.00 3.07 2.47 2.24 2.11 2.17 1.75 1.58 1.49
a Models with the treated mean response of zero.
b Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
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Table 26.  Summary of the sturgeon chub-all power, required mean difference, and multiplier needed using current treatment mean difference at different bend/subsample 
levels for each gear type and month of the Habitat Assessment Monitoring Program.

[power = 0.8, α = 0.05]

Parameter Gear type Month

Current 
model 

treatment 
difference

Bend/subsample level

4 20 40 80

4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16

Power Mini-fyke net Sept. 0.08587 0.14 0.20 0.23 0.26 0.63 0.81 0.88 0.92 0.91 0.98 0.99 1.00 1.00 1.00 1.00 1.00

Otter trawl July a .00154 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .06 .06

Aug. .02015 .05 .05 .05 .05 .05 .06 .06 .07 .06 .07 .08 .09 .07 .09 .10 .12

Sept. .00270 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05

Difference Mini-fyke net Sept. .08587 .28 .22 .20 .19 .11 .08 .08 .07 .07 .06 .05 .05 .05 .04 .04 .04

   needed for Otter trawl July a .00154 .15 .10 .08 .07 .06 .04 .04 .03 .04 .03 .03 .02 .03 .02 .02 .02

   power to Aug. .02015 .66 .47 .38 .34 .28 .20 .17 .15 .20 .14 .12 .10 .14 .10 .08 .07

   equal 0.8 Sept. .00270 .44 .34 .30 .27 .19 .15 .13 .12 .13 .10 .09 .08 .09 .07 .06 .06

Multiplier Mini-fyke net Sept. .08587 3.21 2.57 2.32 2.19 1.23 .98 .89 .83 .86 .69 .62 .58 .60 .48 .43 .41

   needed for Otter trawl Julya .00154 95.03 67.20 54.87 47.52 41.03 29.02 23.69 20.52 28.92 20.45 16.70 14.46 20.42 14.44 11.79 10.21

   power to Aug. .02015 32.52 23.19 19.09 16.67 14.04 10.01 8.24 7.20 9.90 7.06 5.81 5.07 6.99 4.98 4.10 3.58

   equal 0.8 Sept. .00270 161.93 125.09 110.11 101.79 69.92 54.01 47.54 43.95 49.28 38.07 33.51 30.98 34.79 26.88 23.66 21.87
a Models with an initial negative bend variance component estimate and re-estimated using standard Restricted Maximum Likelihood estimation methods.
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