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The Power to Detect Trends in Missouri River Fish
Populations within the Pallid Sturgeon Population

Assessment Program

By Janice L. Bryan', Mark L. Wildhaber', Dan Gladish?, Scott Holan? Mark Ellerseick?

Executive Summary

As with all large rivers in the United States, the Missouri
River has been altered, with approximately 32.5 percent of the
main stem length impounded and 32.5 percent channelized.
These physical alterations to the environment have had effects
on the fisheries, but studies examining the effects of alterations
have been localized and for short periods of time. In response
to the U.S. Fish and Wildlife Service biological opinion, the
U.S. Army Corps of Engineers initiated monitoring of the fish
community of the Missouri River in 2003. The goal of the
Pallid Sturgeon Population Assessment Program is to pro-
vide information to detect changes in populations and habitat
preferences with time for pallid sturgeon (Scaphirhynchus
albus) and native target species in the Missouri River Basin.
To determine statistical power of the Pallid Sturgeon Popula-
tion Assessment Program, a power analysis was conducted
using a normal linear mixed model with variance component
estimates based on the first 3 years of data (2003 to 2005).

In cases where 3 years of data were unavailable, estimates
were obtained using those data. It was determined that at least
20 years of data, sampling 12 bends with 8 subsamples per
bend, would be required to detect a 5 percent annual decline
in most of the target fish populations. Power varied between
Zones. Zone 1 (upstream from Lake Sakakawea) did not have
any species/gear type combinations with adequate power,
whereas Zone 3 (downstream from Gavins Point Dam) had
19 species/gear type combinations with adequate power. With
a slight increase in the sampling effort to 12 subsamples per
bend, the Pallid Sturgeon Population Assessment Program has
adequate power to detect declines in shovelnose sturgeon (8.
platorynchus) throughout the entire Missouri River because
of large catch rates. The lowest level of non-occurrence (in
other words, zero catches) at the bend level for pallid stur-
geon was 0.58 using otter trawls in Zone 1. Consequently,

''U.S. Geological Survey, Columbia Environmental Research Center, 4200
New Haven Road, Columbia, Missouri 65211

2 University of Missouri — Columbia, Department of Statistics, 146 Middle-
bush Hall, Columbia, Missouri 65211-6100

the power of the pallid sturgeon models was not as high as
other species at the current level of sampling, but an increase
in the sampling effort to 16 subsamples for each of 24 bends
for 20 years would generate adequate power for the pallid
sturgeon in all Zones. Since gear types are selective in their
species efficiency, the strength of the Pallid Sturgeon Popula-
tion Assessment Program approach is using multiple gears that
have statistical power to detect population trends at the same
time in different fish species within the Missouri River. As
often is the case with monitoring studies involving endangered
species, 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.

Introduction

The Missouri River is 3,768 kilometers (km) or 2,341
miles (mi) long (Hesse and others, 1989) and drains one sixth
of the contiguous United States[1,371,000 square kilometers
(km?), fig. 1]. The drainage basin includes 10 states and part
of 2 Canadian provinces; 70.3 percent of the basin drains the
semi-arid Great Plains physiographic province (see Galat and
others, 2005a and references therein). As with all large rivers
in the United States, the Missouri River has been altered,
with approximately 32.5 percent of the main stem length
impounded and 32.5 percent channelized [1960 river miles for
the Missouri River, U. S. Army Corps of Engineers (USACE);
1999 National Hydrography Dataset, U. S. Geological Sur-
vey (USGS) and U. S. Environmental Protection Agency].
The Missouri River sustains the largest reservoir system in
the United States with six large main stem reservoirs in the
Dakotas and Montana. The lower 1,212 km has no main stem
reservoirs, but the lower 1,176 km riverine channel has been
extensively modified and channelized.

In the lower Missouri River, physical riverine habitat
alterations and flood plain land use practices (Hesse and
others, 1989; Pinter, 2005) have changed the riverine habitat
diversity and channel geometry (Hesse and Sheets, 1993), and
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the natural wetted channel (Hallberg and others, 1979). The
main stem channelization also has created higher river eleva-
tion (Pinter and Heine, 2005), which has increased flood levels
3 to 4 m (meters) in the last century (Criss and Shock, 2001;
Pinter and Heine, 2005; Ehlmann and Criss, 2006). Upper
main stem reservoirs also have altered discharge variation
(Galat and Lipkin, 2000; Pegg and others, 2003), and reduced
suspended sediment concentration from 25 to 80 percent
(Meade, 1995, ~25 percent reduction; Blevins, 2006, 70—-80
percent reduction).

These physical alterations to the environment have had
biological consequences including a decrease in fish popula-
tions (Pflieger and Grace, 1987; Hesse and Sheets, 1993; and
Hesse, 1996), a decrease in Missouri River Basin native flora
and fauna (Whitmore and Keenlyne, 1990), and benthic insect
production decrease of 61 percent in a backwater area down-
stream from the Niobrara River confluence (Mestl and Hesse,
1993).

Coupled with these physical and biological changes in
the Missouri River are the 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). These circumstances
have culminated in the American Rivers® organization listing
the Missouri River in the top 10 of America’s most endangered
rivers for 8 consecutive years (1994-2002).

In response to the U.S. Fish and Wildlife Service
(USFWS) 2000 biological opinion (USFWS, 2000) the
USACE initiated monitoring of the fish community of the
Missouri River based on the design of the Missouri River
Benthic Fishes Study (MRBFS) (Berry and others, 2005)
as a ‘Reasonable and Prudent Alternative’ element in the
2000 and 2003 Biological opinion (USFWS, 2000, 2003).

As stated in the guiding document for the Pallid Sturgeon
Population Assessment Program (PSPAP), the goal of the
PSPAP is to provide the information needed to detect changes
in populations and habitat preferences with time for pallid
sturgeon (Scaphirhynchus albus) and native target species in
the Missouri River Basin (written commun. M.R. Drobish
2005a). Through the PSPAP, selected Federal and state agen-
cies (Missouri Department of Conservation; Montana Fish,
Wildlife, and Parks; Nebraska Game and Parks Commission;
South Dakota Game, Fish and Parks; USFWS), with guidance
from the USGS, sampled river segments from the lower Mis-
souri River (1,305.2 km) beginning in 2003, and by 2005 the
program included segments above and below the main stem
reservoirs. The PSPAP focuses on 10 Missouri River benthic
community species (table 1). These species represent the Mis-
souri River native benthic fish community and/or are species
of conservation concern.

To produce the most efficient and effective sampling
possible in the PSPAP, a power analysis was suggested by the
Sustainable Ecosystem Institute (SEI) in their independent sci-
ence review (SEI, 2004). In cooperation with the USACE, we
conducted a power analysis; the purpose being to determine
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Table 1. Ten fish species of interest in the Pallid Sturgeon
Population Assessment Program.
[mm, millimeters; >, greater than or equal to; --, species was not divided
into length categories]

Common name Scientific name Adu(lltnll:;lgth
Blue Sucker Cycleptus elongatus > 500!
Pallid Sturgeon Scaphirhynchus albus > 7507
Plains Minnow Hybognathus placitus --
Sand Shiner Notropis stramineus --
Sauger Sander canadensis > 2503
Shovelnose Sturgeon  Scaphirhynchus platoryn- > 550*

chus
Sicklefin Chub Macrhybopsis meeki --
Speckled Chub Macrhybopsis aestivalis --
Sturgeon Chub Macrhybopsis gelida --
Western Silvery Min-  Hybognathus argyritis --

now

! Pflieger, 1997

2 Bajer and Wildhaber, 2007

3 Becker, 1983; Jenkins and Burkhead, 1994
4 Moos, 1978

the most efficient sampling (bends) and subsampling (gear
deployments within a bend) efforts in combination given the
current level of variation. Previous studies have examined
the power to detect trends with time using a mixed model
approach. 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, and the
references therein). In contrast, for this study an Analysis of
Variance (ANOVA) F-test was conducted under a different
model formulation.

To take advantage of the PSPAP sampling design (table
2), the power analysis that was conducted uses a standard
ANOVA formulation with multiple fixed effects (year, season,
and segment) and nested random effects (gear deployment
within bend) and results in a F-test for the main effect because

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

Universe
Year (levels range 1-3)
Season (2 levels, Fish Community or Sturgeon Season)
Segment (levels range 1-5)

Bend (randomly selected from all bends in each
Universe- Year-Season-Segment combination)

Subsample (multiple throws of a gear evenly
distributed within a bend)
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of year. Peery (2004) initially examined the power to detect
trends for PSPAP. The analysis conducted for that study was
based on a logistic regression of presence-absence. As such,
the approach taken by Peery estimated the probability to detect
changes in population occurrence rather than population size.
In addition, Peery (2004) did not consider variation among
bends or among gear deployments within a bend during his
simulation of data to conduct tests to assess power. Ultimately,
it is these limitations of the original power analyses, the
availability of additional years of data, and the request of the
PSPAP to use classic statistical approaches and measures that
led to the development of the power analysis approach used in
this report.

Methods

The following summarizes the PSPAP methods relevant
to the power analysis. More detail is given in the PSPAP
guiding document and standard operating procedures (writ-
ten commun. M.R. Drobish 2005a, 2005b). Specifically,
we divided the Missouri River into four Zones that contain
multiple segments because of the general physical charac-
teristics and location of the segments (fig. 1). As was done
in the MRBEFS (Berry and others, 2005), these segments are
defined by changes in “physical attributes such as degrading or
aggrading stream bed, flow fluctuations, natural hydrograph,
stream gradient, geology, water temperature, turbidity, sub-
strate, discrete habitat changes (tributary or tributary affect)
and modifications (presence of restoration projects)” (written
commun. M.R. Drobish 2005a). Zones were defined as fol-
lows: Zone 1, the upper section (segments 1-4); Zone 2, the
inter-reservoir section (segments 5 and 6); Zone 3, the lower
section (segments 7, 8, 9, 10, 13, 14); and Zone 4, the channel-
ized section (segments 8, 9, 10, 13, 14). Zone 3 was created so
as to include the affect of the unchannelized section (segment
7) in the Lower Missouri River. For this report, each Zone is
analyzed separately. Because of the lag in data collection in
Zone 1, the analysis includes only 2005 data from segment 4
for Zone 1.

From this point forward, the term “year” will be used to
reference the sampling year which, dependent on temperature
restrictions (see below), began on October 31 of the preced-
ing calendar year and ended on October 30 of the present
calendar year (for example, without temperature restrictions,
the 2005 sampling year would have begun on October 31,
2004 and ended on October 30, 2005). The first year to have
both seasons sampled occurred in 2003. For this analysis, data
collected from 2003 to 2005 (January 2003 to October 2005)
were used. In 2003, data collection started in January for the
sturgeon season. In 2003 and 2004, data were collected in seg-
ments 5, 6,9, 13, and 14 only. In 2005, segments 4 through 10,
13, and 14 were sampled.

Annual sampling was evenly distributed into two sea-
sons: fish community and sturgeon. These seasons are defined

by water temperature and June 30th. When water temperatures
are less than 12.8 °C (degrees Celcius), the sample was col-
lected in the sturgeon season. Fish community season starts
July 1st and continues through October 3 1st (written commun.
M.R. Drobish 2005a). During the fall, these two seasons may
overlap because of local water temperatures in the river.

In this program, a river bend is the experimental unit, or
scale, at which the measurements are replicated [in MRBFS
the experimental unit was the macrohabitat not the bend
(Berry and others, 2005)]. A river bend is defined as “begin-
ning at the origin of each channel crossover and will include
the adjacent downstream outside bend/inside bend complex”
(written commun. M.R. Drobish 2005a). This includes any
islands, secondary channels, and tributary mouths. For each
year and segment, a random subset of bends is selected for
sampling.

Gear Type

Within each bend, different habitats are sampled using
specific standard gear types. Only the standard gears that were
deployed consistently throughout 2003 to 2005 were used in
this study; active gears were bag seine (BS), otter trawl (OT),
and trammel net (TN), and passive gears were gill net (GN)
and mini-fyke net (MF; see written commun. M.R. Drobish
2005b). Active gears actively fished while deployed (they were
moving toward the fish; OT, TN, and BS). Passive gears pas-
sively fished while deployed (the fish moved toward the net;
GN and MF). Hoop nets or benthic trawls were not included
in the analysis because of the inconsistent use of these gears
throughout the years and seasons. In Zone 2, all GN and TN
were dyed green, and were included in the analysis since each
Zone is a separate analysis.

Following Berry and others, (2005) and Arab and others,
(2008), the unit of measure for the active gears was catch per
unit area (CPUA). In this report, CPUA for each active gear
deployment was based on the gears’ minimum deployment
area. This scalar is unique to each gear type and was used in
all models. The minimum deployment area for an OT was 360
m?=4.9 m wide x 75 m minimum deployment distance, a TN
was 2,858 m* = 38.1 m wide x 75 m minimum deployment
distance, and a BS was 10 m? = the minimum area sampled
using any BS technique. Consequently, the scalar for the OT
was 360, TN was 2,858, and the BS was 10. The only excep-
tion to these minimum deployment lengths was when either an
OT or TN was deployed in a pool habitat where the mini-
mum deployment length was 25 m. This exception occurred
only three times; one gear deployment in segment 6 and two
deployments in segment 5. Since these last three deployments
constituted a small percentage of total gear deployments, they
were removed from the analysis to maintain consistency for
each gear.

The unit of measure for passive gears was catch per unit
effort (CPUE) based on time. The CPUE for each passive gear
deployment was based on each gears’ minimum deployment



time. For both gears this was 12 hours; consequently, the
scalar for MF and GN was 12. Net length was not used in the
passive gear scale adjustment because the distance covered for
a MF was not recorded until 2006.

All standard active gears were not used consistently
between seasons. In Zone 1 the only gear common between
the two seasons is the TN. In Zone 2 the only gear common
between seasons is the OT. In Zone 3 the TN was common
between seasons. Additionally, in Zone 3, the OT was not
deployed in 2005, segment 7, sturgeon season. This last set
of non-deployments was because of logistics, not because it
was not standard; consequently, OT was treated as common
between seasons. The only exception to this is when segment
7 was analyzed alone. In Zone 4, the only gears common
between both seasons are the OT and TN.

Subsample

Each gear deployment in a bend is a subsample. For each
gear, the subsamples were dispersed evenly throughout the
bend. If a gear deployment did not meet the minimum deploy-
ment requirement stated above, then the gear deployment was
not used in the analysis. This occurred for two gears only:

5 OT deployments and 30 TN deployments; see appendix A
(at the back of this report) for details about additional data
removal before any of the analyses done for this report as a
consequence of quality assurance/quality control work that
was necessary.

Analysis

Each analysis was performed separately for all fish col-
lected in each species. If a maturity size is defined (table 1)
then additional analyses were performed separately for adults
and juveniles for each species. Following Berry and others
(2005), no analyses were conducted on Hybognathus spp.
[plains minnow (H. placitus), and western silvery minnow (H.
argyritis)] because of difficulties in identifying individual spe-
cies, and because individual species tend to be zoogeographi-
cally separated.

Within each zone and species, the same set of criteria
used by Berry and others (2005) was used to filter the data
for the different levels of analysis. This series of criteria were
applied to the data to provide a consistent decision process on
how to proceed with the statistical analysis of the data for each
species. In addition, imposing these criteria helps provide a
set of data that are closer to satisfying the parametric model
assumptions (for example, normality and homoskedastic
variance), though some departures from the assumptions still
remain. These criteria were applied to all gear deployments
that had non-missing response variables (no missing informa-
tion). These were as follows.

1. One fish had to be collected for a given zone, year, sea-
son, or gear to be included in the analysis.
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2. Data from a gear were not used if the catch was <5
percent of the total catch. For example, in Zone 4 shov-
elnose sturgeon (S. platorynchus) collections were 2 and
5 respectively for BS and MF; values were < 5 percent
of the total catch of 19,678 shovelnose sturgeon, so these
gears were excluded from analyses of shovelnose stur-
geon in Zone 4.

3. Data from a gear were not used if the presence of that spe-
cies did not exceed 5 percent of the total number of bends
sampled. This only occurred in Zone 2 for blue sucker
(Cycleptus elongatus) collected in TN, where only 2 out
of 55 bends sampled had at least one blue sucker.

4. Data were excluded if the catch in a year by one gear was
< 10 percent of the total number of fish collected for that
species for all years by that gear.

5. Data were excluded if the catch in a season by a gear was
< 5 percent of the total number of fish collected for that
species and gear for both seasons.

For only the analyses that examined each individual seg-
ment, data were excluded if no fish were collected in that seg-
ment [only occurred when no speckled chub (Macrhybopsis
aestivalis) were collected in Zone 1 and no sicklefin chub (M.
meeki), sturgeon chub (M. gelida), speckled chub, and blue
sucker-juvenile were collected in Zone 2] or the total number
of fish collected for a species in that segment by a gear was <
5 percent of the total number of fish collected in that segment.

Model Description and Power Calculation

The PSPAP sampling design has a nested structure with
multiple subsamples within each bend. In particular, for each
species, the model consisted of three fixed effects (year,
season, and segment). Additionally, within each year, season,
and segment combination, a random sample of river bends is
selected from the entire zone. Further, within each river bend,
multiple gear deployments (subsamples) were distributed
randomly across the area within a bend. To calculate the power
for each of the different combinations of segments, seasons,
and gears, separate analyses for each combination were per-
formed. The data used for these analyses constitute a subset
of the original dataset and the models contain only factors that
have more than one level. For example, if interest lies in the
power of individual segments in Zone 4, then there would be
five models considered that contained only factors that have
more than one level in each segment. In these cases the appro-
priate modifications were made to the procedure.

To calculate the power of lower and higher levels of
effort than was observed in the original data requires knowl-
edge of the population variances associated with the random
effects because of bend and subsample. Ultimately, these
values are inferred based on estimates obtained from the data,
and are considered known when calculating power.



6 The Power to Detect Trends in Missouri River Fish Populations within the Pallid Sturgeon Population Assessment Program

To accommodate the study design, the power analysis we
conducted is based on the normal linear mixed model given by

),ijklm H + ai + ﬁ] + yk + aﬁij + ayik + ﬁyjk + aﬁyijk + Dijk[ + Sijklm

(1)
where
kim is the catch per unit (area or effort) for year i,
season j, segment k, bend /, and subsample
m;
u is the overall mean for all years, seasons,
segments, bends, and subsamples;
a, is the fixed effect due to year i (i=1,...,a);
/?j is the fixed effect due to seasonj (j=1,...,b);
7, is the fixed effect due to segment &
(k=1,...,0);
Dijkl is the random effect due to bend / (/=1,...,d);
and
kim is the random effect due to subsample (gear

deployment) m (m=1,...,s),
with D, ~ iid N(@0,0,7), S ~ i1d N(0,0,%) mutually inde-

pendent; see Kuehl (2000) for a comprehensive discussion.
Equivalently this model can be expressed as a mixed means

model (Moser, 1996; Littell and others, 2006) and is given by
Yo =My T Dy + S, 2)

ijkim ijkl ijkim
where Mg denotes the fixed portion of the model, and where
D, and Siik]m are random effects defined in the same manner as
above.

The focus for this study is on testing the main effect
because of year. As such, the appropriate hypothesis test in cell
means notation is given by

H{): ﬁ] = :ﬁa..
H : at least one inequality.

Under the null hypothesis the test statistic follows a central '
distribution with a — 1 numerator degrees of freedom (ndf) and
abc(d-1) denominator degrees of freedom (ddf). Conversely,
under the alternative hypothesis, for which the power is calcu-
lated, the test statistic follows a non-central F distribution with
(a-1) ndf, abc(d-1) ddf and non-centrality parameter ®, where
@ is given by

= bcds

- 2 2
as-i-saD

X, -u)? 3)

Power is defined to be the probability of rejecting the null
hypothesis given that the alternative is true. That is, we deter-
mine the probability that our test statistic is greater than
the critical value of the test under significance level a,
denoted F, .., under the non-central F' distribution
with the appropriate degrees of freedom [for example power =
P(F>F(1-a;a-l.abc(d-1)) |D)]-

To calculate this power, the number of years, a, needs to
be specified as well as the value of 7z, , for each i. Since the

goal is to obtain a power estimate when there is a given per-

cent decrease in the population from one year to the next, the
alternative hypothesis is defined by:

g, =(1-AY'a, @

fori=2,...,aand 0 <A< 1. Hence, for each year i, the mean
7. was decreased from the previous year’s mean 7, , by a con-
stant percentage. Note that choosing the alternative hypoth-
esis in terms of a decreasing mean rather than an increasing
mean is of greater biological interest and yields a conserva-
tive power estimate (that is, given the same number of years,
decreasing the mean rather than increasing the mean results

in a smaller non-centrality parameter). To specify a biologi-
cally meaningful estimate, the initial mean 7, was calculated
from the data. In that vein, estimating the first year is slightly
problematic in that the original data are unbalanced; that is,
each year-season-segment combination does not contain the
same number of bends, and each bend does not contain the
same number of subsamples (as opposed to a balanced design,
in which this is the case). To estimate the first year allowing
for each bend to have the same affect on the mean, an annual
mean was calculated in a nested manner by first averaging
subsamples within a bend, then bend means within a segment,
then segment means within a season, and season means within
a year before averaging years. Though this estimate does not
constitute a statistically optimal estimate, it does provide a
biologically meaningful initial specification under the alterna-
tive hypothesis.

As an exploratory measure, the variance components for
all models initially were estimated using Restricted Maximum
Likelihood Estimation (REML) using the “unbound” option
(Proc Mixed in SAS version 9.1.3; Littell and others, 20006).
Models having a negative bend variance component esti-
mate 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 exploratory analysis conducted here
argues for the collection of additional data to be analyzed in
conjunction with the existing data in the hope 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
used in our analysis 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 clearly denoted in the accompany-
ing tables and figures).

Current target levels of effort for the PSPAP are 12 bends
with 8 subsamples per bend for each year, season, and segment
combination [referenced as 12/8 or number of bends/number
of subsamples per bend for the rest of the document, (written
commun. M.R. Drobish 2005a)]. However, in the data used
for the power analysis, these levels fluctuated slightly between
years and segments (table 3, at the back of this report); conse-
quently, for this analysis, the current target levels of effort and



those above and below the current levels were of interest. The
levels of bend effort tested were 6, 12, 18, 24, and subsample
effort levels of 4, 8, 12, and 16. Different monitoring lengths
of 5, 10, and 20 years also were examined, as was the power
to detect different population rates of decline over the years.
Three compounding rates of decline were studied; 1, 3, and 5
percent. So a 1, 3, and 5 percent annual rate of decline for 10
years would be 8.6, 24, and 37 percent decline between the 1st
and 10th year, respectively (20 years = 17.4, 43.9, and 62.3
percent). Other topics of interest that were examined include
how many years are required under the current level of effort
to achieve adequate power; how many bends are required
using 5 years for each season and segment at 8 subsamples
per bend (a maximum of 60 bends were tested because the
average number of bends per segment in Zone 4 was 56.2);
and how large of an annual decline would be necessary using
the current level of effort to detect a change in 5 years. For all
tests the a-level was 0.05 and power of 0.80 was considered
adequate.

Results

Each individual species and size category was susceptible
to certain gear types with large percentages of non-occurrence
(zero catches, figs. 224 part a, tables 47, at the back of this
report); therefore, the high incidence of zeros for the species/
gear combinations required the removal of 237 species/gear/
year/season combinations from the analysis because of our
deletion criteria (appendix B, figs. 2-24, part b, at the back of
this report). There were 182 models out of 550 models that
had a negative bend variance component estimate (based on
preliminary exploratory analysis) and were recalculated using
standard REML estimation, (this restricts variance component
estimates to be greater than or equal to zero) (table 8, at the
back of this report). Because of the frequency of zeros in the
data, the distributions were not normally distributed; however,
based on preliminary simulation results, it was determined
that power increased as the number of zeros decreased and,
therefore, the assumption of normality was violated to a lesser
degree (J. Bryan, USGS, unpub. Data, 2008). Consequently,
this indicates the power estimates presented are conservative.

At the current level of 12 bends and 8 subsamples (desig-
nated hereinafter as bend/subsample), only the sturgeon chub
models have adequate power to detect a 5 percent decline
per year in 5 years (appendix C at the back of this report). At
the current level of 12/8, the only species to have adequate
power to detect a 5 percent decline in 10 years with any of the
models were sturgeon chub (Zone 3 and 4) and shovelnose
sturgeon (Zone 3 and 4; tables 9, 12, 15, and 18, appendix D at
the back of this report). Since most of the species did not reach
an adequate power of 0.80 until 20 years at a 5 percent level
of annual decline (appendix E at the back of this report), only
these latter results will be discussed. The monitoring program
is designed to monitor entire populations; consequently, only
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the power of the gear types for each species/Zone combina-
tion will be discussed. The results for each gear type in each
individual season and segment are presented in appendix F
(at the back of this report) for reference. All power graphs are
presented with different combinations of bend and subsample
levels that were tested.

Zone 1

None of the species/gear combinations, out of the 28
examined, had adequate power under or at the current 12/8
level (tables 911, figs. 25-39, at the back of this report).
Sixteen species/gear combinations did not have adequate
power at the 24/16 level. Twelve species/gear combinations
had adequate power between the 12/8 and 24/16 levels. None
of the species/gear combinations will achieve adequate power
in five years with a 60/8 level. In 5 years, only the shovelnose
sturgeon, and sicklefin chub models will have adequate power
to detect less than a 45 percent annual population decline
(an annual decline of 45 percent over 5 years is a population
decline of 90 percent). Sixteen species/gear combinations did
not have adequate power until after 50 years at a 12/8 level.

Blue Sucker-All

* The OT and TN had adequate catch to meet our criteria
and calculate power values (fig. 2, table B—1, at the
back of this report).

 Neither the OT nor TN reached adequate power at the
24/16 level of effort (table 9, fig. 25).

* Neither the OT nor TN reached adequate power at the
60/8 level of monitoring for 5 years (table 10).

 Using either gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 10).

 Using either gear, it would take more than 100 years to
reach adequate power at the current 12/8 level (table
11).

Blue Sucker-Adult

» The TN had adequate catch to meet our criteria and
calculate power values (fig. 3, table B-2, at the back of
this report).

* The TN did not have adequate power at the 24/16 level
of effort (table 9, fig. 26).

* The TN did not have adequate power at the 60/8 level
of monitoring for 5 years (table 10).
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» Using TN, it would take more than a 45 percent annual * The TN did not have adequate power at the 60/8 level
population decline in 5 years to reach adequate power of monitoring for 5 years (table 10).

at the current 12/8 level (table 10).
( ) » Using TN, it would take more than a 45 percent annual

» Using TN, it would take more than 100 years to reach population decline in 5 years to reach adequate power
adequate power at the current 12/8 level (table 11). at the current 12/8 level (table 10).

» Using TN, it would take more than 100 years to reach
Blue Sucker-Juvenile adequate power at the current 12/8 level (table 11).

» The OT had adequate catch to meet our criteria and . .
calculate power values (fig. 4, table B3, at the back of Pallid Sturgeon-Juvenile

this report). .
* The OT and TN had adequate catch to meet our criteria
» The OT did not have adequate power at the 24/16 level and calculate power values (fig. 7, table B—6, at the
of effort (table 9, fig. 27). back of this report).
* The OT did not have adequate power at the 60/8 level » The TN had adequate power at the 18/16 level of
of monitoring for 5 years (table 10). effort; however, the OT did not have adequate power at

. . the 24/16 level of effort (table 9, fig. 30).
» Using OT, it would take more than a 45 percent annual

population decline in 5 years to reach adequate power * Neither the OT nor TN reached adequate power at the
at the current 12/8 level (table 10). 60/8 level of monitoring for 5 years (table 10).

» Using OT, it would take more than 100 years to reach » Using either gear, it would take more than a 45 percent
adequate power at the current 12/8 level (table 11). annual population decline in 5 years to reach adequate

power at the current 12/8 level (table 10).

Pallid Sturgeon-All » Using TN, it would take 35 to 40 years to reach ad.e-
quate power at the current 12/8 level; however, using

+ The OT and TN had adequate catch to meet our criteria OT would take more than 100 years (table 11).
and calculate power values (fig. 5, table B4, at the
back of this report).

Sand Shiner-All

* The OT did not have adequate power at the 24/16 level
of effort; however, the TN had adequate power at the » The MF had adequate catch to meet our criteria and
18/16 level of effort (table 9, fig. 28). calculate power values (fig. 8, table B—7, at the back of

) this report).
* Neither the OT nor TN reached adequate power at the

60/8 level of monitoring for 5 years (table 10). » The MF did not have adequate power at the 24/16 level

. ) of effort (table 9, fig. 31).
 Using either gear, it would take more than a 45 percent

annual population decline in 5 years to reach adequate » The MF did not have adequate power at the 60/8 level
power at the current 12/8 level (table 10). of monitoring for 5 years (table 10).

» Using TN, it would take 35 to 40 years to reach ade- » Using MF, it would take more than a 45 percent annual
quate power at the current 12/8 level; however, using population decline in 5 years to reach adequate power
OT would take more than 100 years (table 11). at the current 12/8 level (table 10).

» Using MF, it would take more than 100 years to reach
Pallid Sturgeon-Adult adequate power at the current 12/8 level (table 11).

» The TN had adequate catch to meet our criteria and
calculate power values (fig. 6, table B-5, at the back of Sauger-All
this report).
* The BS, MF, OT and TN had adequate catch to meet
* The TN did not have adequate power at the 24/16 level our criteria and calculate power values (fig. 9 and 10,
of effort (table 9, fig. 29). table B-8, at the back of this report).



The TN had adequate power at the 12/12 level. The BS
had adequate power at the 24/16; however, the OT and
MF did not have adequate power at the 24/16 level of
effort (table 9, fig. 32).

None of the three gears reached adequate power at the
60/8 level of monitoring for 5 years (table 10).

Using any of the gears, it would take more than a 45
percent annual population decline in 5 years to reach
adequate power at the current 12/8 level (table 10).

Using BS, MF, and TN, it would take 50 to 75, 35 to
40, and 25 to 30 years, respectively, to reach adequate
power at the current 12/8 level; however, if using OT,
it would take more than 100 years (table 11).

Sauger-Adult

The MF and TN had adequate catch to meet our criteria
and calculate power values (fig. 11 and 12, table B-9,
at the back of this report).

The TN had adequate power at the 12/16 level; how-
ever the MF did not have adequate power at the 24/16
level of effort (table 9, fig. 33).

Neither the TN nor the MF reached adequate power at
the 60/8 level of monitoring for 5 years (table 10).

Using TN or MF, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 10).

Using TN, it would take 25 to 30 years to reach
adequate power at the current 12/8 level; however, the
MF would take more than 100 years to reach adequate
power (table 11).

Sauger-Juvenile

The BS, MF, and OT had adequate catch to meet our
criteria and calculate power values (fig. 13 and 14,
table B—10, at the back of this report).

The BS and MF had adequate power at the 24/16 and
24/12 level of effort, respectively; however, the OT did
not have adequate power at the 24/16 level of effort
(table 9, fig. 34).

» None of the gears reached adequate power at the 60/8

level of monitoring for 5 years (table 10).

Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 10).

Results 9

-Using BS and MF, it would take 50 to 75 and 30 to

35 years, respectively, to reach adequate power at the
current 12/8 level; however, using OT would take more
than 100 years (table 11).

Shovelnose Sturgeon-All

The OT and TN had adequate catch to meet our criteria
and calculate power values (fig. 15 and 16, table B—11,
at the back of this report).

The OT had adequate power at the 24/12 level of effort
and the TN had adequate power at the 12/12 level of
effort (table 9, fig. 35).

Neither the OT nor TN reached adequate power at the
60/8 level of monitoring for 5 years (table 10).

Using TN, it would take a 35 to 40 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level; however, using the OT, it
would take more than a 45 percent annual population
decline in 5 years (table 10).

Using OT, it would take 30 to 35 years to reach
adequate power at the current 12/8 level, and using the
TN would take 20 to 25 years (table 11).

Shovelnose Sturgeon-Adult

The OT and TN had adequate catch to meet our criteria
and calculate power values (fig. 17 and 18, table B—12,
at the back of this report).

The TN had adequate power at the 18/12 level of
effort; however, the OT did not have adequate power at
the 24/16 level of effort (table 9, fig. 36).

Neither the OT nor TN reached adequate power at the
60/8 level of monitoring for 5 years (table 10).

Using TN or OT, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 10).

Using TN, it would take 25 to 30 years to reach ade-
quate power at the current 12/8 level; however, using
OT would take more than 100 years (table 11).

Shovelnose Sturgeon-Juvenile

The TN and OT had adequate catch to meet our criteria
and calculate power values (fig. 19 and 20, table B—13,
at the back of this report).
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» The TN had adequate power at the 12/16 level of
effort; however, the OT did not have adequate power at
the 24/16 level of effort (table 9, fig. 37).

* Neither the OT nor TN reached adequate power at the
60/8 level of monitoring for 5 years (table 10).

» Using TN or OT, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 10).

» Using OT or TN, it would take 35 to 40 or 25 to 30
years, respectively, to reach adequate power at the cur-
rent 12/8 level (table 11).

Sicklefin Chub-All

» The OT had adequate catch to meet our criteria and
calculate power values (fig. 21, table B—14, at the back
of this report).

* The OT had adequate power at the 12/8 level of effort
(table 9, fig. 38).

» The OT did not reach adequate power at the 60/8 level
of monitoring for 5 years (table 10).

» Using OT, it would take a 25 to 30 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level (table 10).

» Using OT, it would take 15 to 20 years to reach
adequate power at the current 12/8 level (table 11).

Speckled Chub-All

» None of the gears had adequate catch to meet our cri-
teria and calculate power values (fig. 22 and 23, table
B-15, at the back of this report).

Sturgeon Chub-All

» The MF and OT had adequate catch to meet our criteria
and calculate power values (fig. 24, table B—16, at the
back of this report).

* The OT and MF did not have adequate power at the
24/16 level of effort (table 9, fig. 39).

* Neither the OT nor MF reached adequate power at the
60/8 level of monitoring for 5 years (table 10).

* Using either gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 10).

» Using OT or MF, it would take more than 100 years to
reach adequate power at the current 12/8 level (table
11).

Zone 2

Seven species/gear combinations, out of the 29 examined,
had adequate power under or at the current 12/8 level (tables
12-14, figs. 40-51, at the back of this report). They were
the sauger-all (Sander canadensis), sauger-adult, shovelnose
sturgeon-all, and shovelnose sturgeon-adult. Fifteen species/
gear combinations did not have adequate power at the 24/16
level. Six species/gear combinations had adequate power
between the 12/8 and 24/16 levels. None of the species/gear
combinations will achieve adequate power in 5 years with a
60/8 level. In 5 years, only the sauger-all, sauger-adult, shovel-
nose sturgeon-all, and shovelnose sturgeon-adult models will
have adequate power to detect less than a 45 percent annual
population decline. Thirteen species/gear combinations did not
have adequate power until after 50 years at a 12/8 level.

Blue Sucker-All

* The OT and GN had adequate catch to meet our criteria
and calculate power values (fig. 2, table B—1).

 Neither the OT nor GN reached adequate power at the
24/16 level of effort (table 12, fig. 40).

 Neither the OT nor GN reached adequate power at the
60/8 level of monitoring for 5 years (table 13).

 Using either gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 13).

 Using either gear, it would take more than 100 years to
reach adequate power at the current 12/8 level (table
14).

Blue Sucker-Adult

» The OT and GN had adequate catch to meet our criteria
and calculate power values (fig. 3, table B-2).

 Neither the OT nor GN reached adequate power at the
24/16 level of effort (table 12, fig. 41).

* Neither the OT nor GN reached adequate power at the
60/8 level of monitoring for 5 years (table 13).

 Using either gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 13).



+ Using either gear, it would take more than 100 years to
reach adequate power at the current 12/8 level (table
14).

Blue Sucker-Juvenile

» None of the gears had adequate catch to meet our crite-
ria and calculate power values (fig. 4, table B-3).

Pallid Sturgeon-All

» The GN, OT and TN had adequate catch to meet our
criteria and calculate power values (fig. 5, table B—4).

* -The TN had adequate power at the 24/16 level of
effort; however neither the GN nor OT reached
adequate power at the 24/16 level of effort (table 12,
fig. 42).

» None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 13).

 Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 13).

» Using TN, it would take 40 to 45 years to reach ade-
quate power at the current 12/8 level; however, if using
OT or GN, it would take 75 to 100 years (table 14).

Pallid Sturgeon-Adult

* The GN had adequate catch to meet our criteria and
calculate power values (fig. 6, table B-5).

» The GN did not have adequate power at the 24/16 level
of effort (table 12, fig. 43).

» The GN did not have adequate power at the 60/8 level
of monitoring for 5 years (table 13).

» Using GN, it would take more than a 45 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level (table 13).

» Using GN, it would take more than 100 years to reach
adequate power at the current 12/8 level (table 14).

Pallid Sturgeon-Juvenile

* The GN, OT and TN had adequate catch to meet our
criteria and calculate power values (fig. 7, table B-6).

Results 11

The TN had adequate power at the 24/16 level of
effort; however the GN and OT did not have adequate
power at the 24/16 level of effort (table 12, fig. 44).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 13).

Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 13).

Using OT and TN, it would take 75 to 100 years and
35 to 40 years, respectively to reach adequate power at
the current 12/8 level; however, using the GN it would
take more than 100 years (table 14).

Sand Shiner-All

The BS and MF had adequate catch to meet our criteria
and calculate power values (fig. 8, table B-7).

The MF had adequate power at the 18/12 level of
effort; however, the BS did not have adequate power at
the 24/16 level of effort (table 12, fig. 45).

Neither the BS nor MF had adequate power at the 60/8
level of monitoring for 5 years (table 13).

Using MF, it would take a 40 to 45 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level; however using BS would
take more than a 45 percent annual population decline
(table 13).

Using MF, it would take 25 to 30 years to reach ade-
quate power at the current 12/8 level; however, using
the BS would take more than 100 years (table 14).

Sauger-All

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 9 and 10, table
B-8).

The GN and TN had adequate power at the 18/8 and
6/16 level of effort, respectively; however, the OT did
not have adequate power at the 24/16 level of effort
(table 12, fig. 46).

None of the three gears reached adequate power at the
60/8 level of monitoring for 5 years (table 13).

Using the TN, it would take a 30 to 35 percent annual
decline in 5 years to reach adequate power at the cur-
rent 12/8 level, but using OT or GN would take more
than a 45 percent annual population decline (table 13).
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» Using GN, OT, or TN, it would take 20 to 25, 35 to
40, and 15 to 20 years, respectively, to reach adequate
power at the current 12/8 level (table 14).

Sauger-Adult

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 11 and 12,
table B-9).

* The GN and TN had adequate power at the 18/8 and
6/16 level of effort, respectively; however, the OT did
not have adequate power at the 24/16 level of effort
(table 12, fig. 47).

» -None of the three gears reached adequate power at the
60/8 level of monitoring for 5 years (table 13).

 Using the TN, it would take a 30 to 35 percent annual
decline in 5 years to reach adequate power at the cur-
rent 12/8 level, but using OT or GN would take more
than a 45 percent annual population decline (table 13).

» Using GN, OT, or TN, it would take 20 to 25, 50 to
75, and 15 to 20 years, respectively, to reach adequate
power at the current 12/8 level (table 14).

Sauger-Juvenile

* The BS, MF, and OT had adequate catch to meet our
criteria and calculate power values (fig. 13 and 14,
table B-10).

» The OT had adequate power at the 18/12 level of effort,

respectively. The BS and MF did not have adequate
power at the 24/16 level of effort (table 12, fig. 48).

» None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 13).

+ Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 13).

» Using OT, it would take 30 to 35 years to reach
adequate power at the current 12/8 level, but using the
BS or MF would take more than 100 years (table 14).

Shovelnose Sturgeon-All

* The GN, OT and TN had adequate catch to meet our
criteria and calculate power values (fig. 15 and 16,
table B—11).

The GN and OT had adequate power at the 12/8 level
of effort and the TN had adequate power at the 6/12
level of effort (table 12, fig. 49).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 13).

Using GN or OT, it would take a 30 to 35 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level, but using TN would
take 20 to 25 percent (table 13).

Using TN, it would take 10 to 15 years to reach
adequate power at the current 12/8 level and using the
GN or OT it would take 15 to 20 years (table 14).

Shovelnose Sturgeon-Adult

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 17 and 18,
table B—12).

The GN, OT, and TN had adequate power at the 12/12,
12/8, and 6/12 level of effort, respectively (table 12,
fig. 50).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 13).

Using GN, OT, or TN, it would take a 35 to 40, 30 to
35, and 20 to 25 percent annual population decline in 5
years to reach adequate power at the current 12/8 level,
respectively (table 13).

Using GN, OT, or TN, it would take 20 to 25, 15 to 20,
and 10 to 15 years to reach adequate power at the cur-
rent 12/8 level, respectively (table 14).

Shovelnose Sturgeon-Juvenile

The GN had adequate catch to meet our criteria and
calculate power values (fig. 19 and 20, table B—13).

The GN did not have adequate power at the 24/16 level
of effort (table 12, fig. 51).

The GN did not reach adequate power at the 60/8 level
of monitoring for 5 years (table 13).

Using GN, it would take more than a 45 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level (table 13).

Using GN, it would take more than 100 years to reach
adequate power at the current 12/8 level (table 14).



Sicklefin Chub-All

* None of the gears had adequate catch to meet our crite-
ria and calculate power values (fig. 21, table B—14).

Speckled Chub-All

» None of the gears had adequate catch to meet our cri-
teria and calculate power values (fig. 22 and 23, table
B-15).

Sturgeon Chub-All

* None of the gears had adequate catch to meet our crite-
ria and calculate power values (fig. 24, table B—16).

Zone 3

Nineteen species/gear combinations, out of the 46 exam-
ined, had adequate power under or at the current 12/8 level
(tables 15-17, figs. 5267, at the back of this report). The
only species/gear combinations not to have adequate power at
the 12/8 level were blue sucker-juvenile, pallid sturgeon-all,
pallid sturgeon-adult, and pallid sturgeon-juvenile. Fifteen
species/gear combinations did not have adequate power at the
24/16 level. Twelve species/gear combinations had adequate
power between the 12/8 and 24/16 levels. Only the shovelnose
sturgeon and sturgeon chub will achieve adequate power in 5
years with a bend/subsample level lower than 60/8. In 5 years,
only the pallid sturgeon model will not have adequate power
to detect less than a 45 percent annual population decline. Fif-
teen species/gear combinations did not have adequate power
until after 50 years at a 12/8 level.

Blue Sucker-All

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 2, table B—1).

* The GN, OT, and TN reached adequate power at the
18/16, 18/12, and 6/18 level of effort, respectively
(table 15, fig. 52).

* None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 16).

» Using TN, it would take a 20 to 25 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level and a GN or OT would require
more than a 45 percent decline (table 16).

Results 13

» Using the GN, OT, or TN, it would take 20 to 25, 25
to 30, or 15 to 20 years to reach adequate power at the
current 12/8 level (table 17).

Blue Sucker-Adult

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 3, table B-2).

* The GN, OT, and TN reached adequate power at the
18/8, 24/12, and 12/8 level of effort, respectively (table
15, fig. 53).

» None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 16).

» Using GN or OT, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level and the TN would
require a 25 to 30 percent decline (table 16).

» Using the GN, OT, or TN, it would take 25 to 30, 30
to 35, or 15 to 20 years to reach adequate power at the
current 12/8 level, respectively (table 17).

Blue Sucker-Juvenile

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 4, table B-3).

* The GN, OT, and TN reached adequate power at the
18/16, 12/12, and 12/16 level of effort, respectively
(table 15, fig. 54).

» None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 16).

+ Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level, respectively (table 16).

» Using the TN or OT, it would take 20 to 25 years to
reach adequate power at the current 12/8 level; using
GN would take 40 to 45 years (table 17).

Pallid Sturgeon-All

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 5, table B—4).

* The GN and TN had adequate power at the 18/16 and
24/16 level of effort, respectively; but the OT did not
reach adequate power at the 24/16 level of effort (table
15, fig. 55).
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None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 16).

Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 16).

Using GN, TN, and OT, it would take 35 to 40, 50 to
75, and more than 100 years to reach adequate power
at the current 12/8 level, respectively (table 17).

Pallid Sturgeon-Adult

For this group, the deletion criteria removed all gear
deployments in the fish community season (appendix B).
Consequently, the overall gear analysis is equivalent to the
sturgeon season analysis.

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 6, table B-5).

None of the gears reached adequate power at the 24/16
level of effort (table 15, fig. 56).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 16).

Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 16).

Using any of the gears, it would take more than 100
years to reach adequate power at the current 12/8 level
(table 17).

Pallid Sturgeon-Juvenile

The GN, OT and TN had adequate catch to meet our
criteria and calculate power values(fig. 7, table B—6).

The TN had adequate power at the 24/16 level of effort,
but the GN and OT did not have adequate power at the
24/16 level of effort (table 15, fig. 57).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 16).

Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 16).

Using TN, it would take 50 to 75 years to reach
adequate power at the current 12/8 level, but the GN or
OT would take more than 100 years (table 17).

Sand Shiner-All

The BS and MF had adequate catch to meet our criteria
and calculate power values (fig. 8, table B-7).

The BS had adequate power at the 6/16 level of effort
and the MF had adequate power at the 24/12 level of
effort (table 15, fig. 58).

Neither the BS nor MF had adequate power at the 60/8
level of monitoring for 5 years (table 16).

Using BS, it would require a 20 to 25 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level and the MF would require
more than a 45 percent annual population decline
(table 16).

Using BS, it would take 15 to 20 years to reach
adequate power at the current 12/8 level and the MF
would take 30 to 35 years (table 17).

Sauger-All

All five gears had adequate catch to meet our criteria
and calculate power values (fig. 9 and 10, table B-8).

The BS and GN had adequate power at the 12/4 and
12/8 level of effort, respectively; but the MF, OT, and
TN did not have adequate power at the 24/16 level of
effort (table 15, fig. 59).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 16).

Using BS or GN, it would take a 10 to 15 or 30 to 35
percentannual population decline in 5 years to reach
adequate power at the current 12/8 level, respectively,
but the MF, OT, or TN would take more than a 45
percent annual decline (table 16).

Using BS or GN, it would take 10 to 15 or 15 to 20

years to reach adequate power at the current 12/8 level,
respectively. The MF or TN would take 50 to 75 years,
and the OT would take more than 100 years (table 17).

Sauger-Adult

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 11 and 12,
table B-9).

* The GN had adequate power at the 12/8 level of effort,

but the OT and TN did not have adequate power at the
24/16 level of effort (table 15, fig. 60).



* None of the three gears reached adequate power at the

60/8 level of monitoring for 5 years (table 16).

 Using the GN, it would require a 30 to 35 percent

annual population decline in 5 years to reach adequate
power at the current 12/8 level, but the OT or TN
would require more than a 45 percent annual decline
(table 16).

» Using GN or TN, it would take 15 to 20 or 45 to 50

years to reach adequate power at the current 12/8 level,
respectively, but the OT would take more than 100
years (table 17).

Sauger-Juvenile

The BS, MF, and OT had adequate catch to meet our
criteria and calculate power values (fig. 13 and 14,
table B—10).

The BS had adequate power at the 6/8 level of effort,
but the MF and OT did not have adequate power at the
24/16 level of effort (table 15, fig. 61).

None of the three gears reached adequate power at the
60/8 level of monitoring for 5 years (table 16).

Using BS, it would take a 10 tol5 percent annual popu-
lation decline in 5 years to reach adequate power at

the current 12/8 level, respectively, but using MF and
OT would take more than a 45 percent annual decline
(table 16).

Using BS or MF, it would take 10 to 15 or 50 to 75
years to reach adequate power at the current 12/8 level,
but the OT would take more than 100 years (table 17).

Shovelnose Sturgeon-All

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 15 and 16,
table B-11).

All gears had adequate power at the 6/4 level of effort
(table 15, fig. 62).

The GN, OT, and TN reached adequate power at the 35
to 40/8, 30 to 35/8, 45 to 50/8 level of monitoring for 5
years, respectively (table 16).

Using GN or OT, it would take a 5 to 10 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level; the TN would require a 10 to
15 percent annual decline (table 16).

Using any gear, it would take 5 to 10 years to reach
adequate power at the current 12/8 level (table 17).

Results 15

Shovelnose Sturgeon-Adult

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 17 and 18,
table B—12).

All gears had adequate power at the 6/4 level of effort
(table 15, fig. 63).

The GN and OT reached adequate power at the 15

to 20/8 level of monitoring for 5 years and the TN
reached adequate power at the 20 to 25/8 level (table
16).

Using any gear, it would take a 10 to 15 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level (table 16).

Using GN or OT, it would take 5 to 10 years to reach
adequate power at the current 12/8 level, and the TN
would take 10 to 15 years (table 17).

Shovelnose Sturgeon-Juvenile

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 19 and 20,
table B—13).

All gears had adequate power at the 6/4 level of effort
(table 15, fig. 64).

The GN, OT, and TN reached adequate power at the 30
to 35/8, 25 to 30/8, and 50 to 55/8 level of monitoring
for 5 years, respectively (table 16).

Using GN or OT, it would take a 5 to 10 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level, the TN would require a 10 to
15 percent decline (table 16).

Using any gear, it would take 5 to 10 years to reach
adequate power at the current 12/8 level (table 17).

Sicklefin Chub-All

The MF and OT had adequate catch to meet our criteria
and calculate power values (fig. 21, table B-14).

The OT had adequate power at the 6/16 level of effort,
but the MF did not have adequate power at the 24/16
level of effort (table 15, fig. 65).

» None of the gears reached adequate power at the 60/8

level of monitoring for 5 years (table 16).

» Using OT, it would take a 20 to 25 percent annual

population decline in 5 years to reach adequate power
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at the current 12/8 level, but the MF would take more
than a 45 percent annual decline (table 16).

» Using OT, it would take 15 to 20 years to reach
adequate power at the current 12/8 level, but using the
MF it would take more than 100 years (table 17).

Speckled Chub-All

* The BS, MF, and OT had adequate catch to meet our
criteria and calculate power values (fig. 22 and 23,
table B-15).

» The MF and OT had adequate power at the 18/16 and
6/8 level of effort, respectively, but the BS did not have
adequate power at the 24/16 level of effort (table 15,
fig. 60).

» None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 16).

» Using OT, it would require a 15 to 20 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level, respectively, but the BS or
MF would take more than a 45 percent annual decline
(table 16).

» Using OT, it would take 10 to 15 years to reach
adequate power at the current 12/8 level, and the BS
and MF would take 30 to 35 years (table 17).

Sturgeon Chub-All

» The OT had adequate catch to meet our criteria and cal-
culate power values (fig. 24, table B—-16).

* The OT had adequate power at the 6/4 level of effort
(table 15, fig. 67).

* The OT reached adequate power at less than the 5/8
level of monitoring for 5 years (table 16).

» Using OT, it would take a 1 to 3 percent annual popula-
tion decline in 5 years to reach adequate power at the
current 12/8 level (table 16).

» Using OT, it would take less than 3 years to reach
adequate power at the current 12/8 level (table 17).

Zone 4

Sixteen species/gear combinations, out of the 44 exam-
ined, had adequate power under or at the current 12/8 level
(tables 18-20, fig. 68—83, at the back of this report). Fifteen
species/gear combinations did not have adequate power at the
24/16 level. Thirteen species/gear combinations had adequate

power between the 12/8 and 24/16 levels. Only the shovelnose
sturgeon and sturgeon chub will achieve adequate power in 5
years with a bend/subsample level lower than 60/8. In 5 years,
only the pallid sturgeon and blue sucker-juvenile models

will not have adequate power to detect less than a 45 percent
annual population decline. Fourteen species/gear combina-
tions did not have adequate power until after 50 years at a 12/8
level.

Blue Sucker-All

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 2, table B-1).

» The TN reached adequate power at the 12/8 level of
effort and the GN and OT at the 18/16 level of effort
(table 18, fig. 68).

» None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

» Using TN, it would require a 25 to 30 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level, but the GN and OT would
require more than a 45 percent annual population
decline (table 19).

» Using the GN, OT, or TN, it would take 25 to 30, 30
to 35, or 15 to 20 years to reach adequate power at the
current 12/8 level, respectively (table 20).

Blue Sucker-Adult

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 3, table B-2).

* The GN, OT, and TN reached adequate power at the
24/8, 24/16, and 12/8 level of effort, respectively (table
18, fig. 69).

» None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

» Using TN, it would require a 25 to 30 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level, but the GN and OT would
require more than a 45 percent annual population
decline (table 19).

» Using the GN, OT, or TN, it would take 25 to 30, 35
to 40, or 15 to 20 years to reach adequate power at the
current 12/8 level, respectively (table 20).



Blue Sucker-Juvenile

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 4, table B-3).

The GN, OT, and TN reached adequate power at the
18/16, 12/16, and 18/12 level of effort, respectively
(table 18, fig. 70).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 19).

Using the OT or TN, it would take 25 to 30 years to
reach adequate power at the current 12/8 level, and the
GN would take 45 to 50 years (table 20).

Pallid Sturgeon-All

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 5, table B—4).

The GN had adequate power at the 18/16 level of
effort, but the OT and TN did not reach adequate
power at the 24/16 level of effort (table 18, fig. 71).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

Using any gear, it would require more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 19).

Using GN and TN, it would take 35 to 40 and 75 to
100 years to reach adequate power at the current 12/8

level, respectively, but the OT would take more than
100 years (table 20).

Pallid Sturgeon-Adult

For this group, the deletion criteria removed all gear
deployments in the fish community season (appendix B).
Consequently, the overall gear analysis is equivalent to the
sturgeon season analysis.

* The GN, OT, and TN had adequate catch to meet our

criteria and calculate power values (fig. 6, table B-5).

» None of the gears reached adequate power at the 24/16

level of effort (table 18, fig. 72).

» None of the gears reached adequate power at the 60/8

level of monitoring for 5 years (table 19).

Results 17

 Using any gear, it would take more than a 45 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 19).

» Using any of the gears, it would take more than 100
years to reach adequate power at the current 12/8 level
(table 20).

Pallid Sturgeon-Juvenile

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 7, table B—6).

» None of the gears reached adequate power at the 24/16
level of effort (table 18, fig. 73).

* None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

+ Using any gear, it would take more than a 45 percent

annual population decline in 5 years to reach adequate
power at the current 12/8 level (table 19).

» Using TN it would take 75 to 100 years to reach

adequate power at the current 12/8 level, but using GN
or OT would take more than 100 years (table 20).

Sand Shiner-All

» The BS and MF had adequate catch to meet our criteria

and calculate power values (fig. 8, table B-7).

» The BS had adequate power at the 6/16 level of effort,

but the MF did not have adequate power at the 24/16
level of effort (table 18, fig. 74).

* Neither the BS nor MF had adequate power at the 60/8

level of monitoring for 5 years (table 19).

» Using BS, it would require a 25 to 30 percent annual

population decline in 5 years to reach adequate power
at the current 12/8 level and the MF would require a 40
to 45 percent annual population decline (table 19).

» Using BS, it would take 15 to 20 years to reach

adequate power at the current 12/8 level and MF would
take 50 to 75 years (table 20).

Sauger-All

* The GN, MF, OT, and TN had adequate catch to meet

our criteria and calculate power values (fig. 9 and 10,
table B-8).

* The GN and MF had adequate power at the 12/12 and

24/16 level of effort, respectively, but the OT and TN
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did not have adequate power at the 24/16 level of effort
(table 18, fig. 75).

-None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

-Using GN, it would require a 35 to 40 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level, but using MF, OT, or TN
would require more than a 45 percent annual decline
(table 19).

» Using GN and MF, it would take 20 to 25 and 40 to 45

years to reach adequate power at the current 12/8 level,
respectively, but the OT and TN would take more than
100 years (table 20).

Sauger-Adult

The GN and TN had adequate catch to meet our criteria
and calculate power values (fig. 11 and 12, table B-9).

The GN had adequate power at the 12/12 level of
effort, but the TN did not have adequate power at the
24/16 level of effort (table 18, fig. 76).

None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

Using the GN, it would require a 35 to 40 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level, but the TN would
require more than a 45 percent annual decline (table
19).

Using GN, it would take 20 to 25 years to reach ade-
quate power at the current 12/8 level, respectively, but
using OT would take more than 100 years (table 20).

Sauger-Juvenile

The BS, MF, and OT had adequate catch to meet our
criteria and calculate power values (fig. 13 and 14,
table B-10).

The BS and MF had adequate power at the 6/8 and
24/16 level of effort, respectively, but the OT did not
have adequate power at the 24/16 level of effort (table
18, fig. 77).

» -None of the gears reached adequate power at the 60/8

level of monitoring for 5 years (table 19).

 Using the BS it would take a 10 to 15 percent annual

population decline in 5 years to reach adequate power
at the current 12/8 level; however, using MF or OT

would take more than a 45 percent annual population
decline (table 19).

Using BS or MF, it would take 10 to 15 or 45 to 50
years to reach adequate power at the current 12/8 level,
respectively, but the OT would take more than 100
years (table 20).

Shovelnose Sturgeon-All

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 15 and 16,
table B-11).

All gears had adequate power at the 6/4 level of effort
(table 18, fig. 78).

The GN and OT reached adequate power at the 45 to
50/8 and 30 to 35/8 level of monitoring for 5 years,
respectively, but the TN did not reach adequate power
at the 60/8 level (table 19).

Using GN or TN, it would take a 10 to 15 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level, the OT required a 5 to
10 percent decline (table 19).

Using GN or OT, it would take 5 to 10 years to reach
adequate power at the current 12/8 level, and the TN
would take 10 to 15 years (table 20).

Shovelnose Sturgeon-Adult

The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 17 and 18,
table B—12).

The GN and OT had adequate power at the 6/4 level of
effort, and the TN had adequate power at the 6/8 level
of effort (table 18, fig. 79).

The GN, OT, and TN reached adequate power at the 20
to 25/8, 30 to 35/8, and 25 to 30/8 level of monitoring
for 5 years, respectively (table 19).

Using any gear, it would take a 10 to 15 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level (table 19).

Using GN, it would take 5 to 10 years to reach ade-
quate power at the current 12/8 level, and the OT or
TN would take 10 to 15 years (table 20).



Shovelnose Sturgeon-Juvenile

* The GN, OT, and TN had adequate catch to meet our
criteria and calculate power values (fig. 19 and 20,
table B—13).

* The GN and OT had adequate power at the 6/4 level of
effort, and the TN had adequate power at the 6/8 level
of effort (table 18, fig. 80).

* The GN and OT reached adequate power at the 40 to
45/8 and 25 to 30/8 level of monitoring for 5 years,
respectively, but the TN did not reach adequate power
at the 60/8 level (table 19).

» Using GN or TN, it would take a 10 to 15 percent
annual population decline in 5 years to reach adequate
power at the current 12/8 level, and the OT would
require a 5 to 10 percent decline (table 19).

» Using GN or OT, it would take 5 to 10 years to reach
adequate power at the current 12/8 level, and using TN
it would take 10 to 15 years (table 20).

Sicklefin Chub-All

» The MF and OT had adequate catch to meet our criteria
and calculate power values (fig. 2, table B—14).

* The OT had adequate power at the 12/8 level of effort,
but the MF did not reach adequate power at the 24/16
level (table 18, fig. 81).

* -None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

» Using OT, it would take a 25 to 30 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level, but the MF would take more
than a 45 percent annual decline (table 19).

» Using OT, it would take 5 to 10 years to reach adequate
power at the current 12/8 level, but using the MF it
would take more than 100 years (table 20).

Speckled Chub-All

* The BS, MF, and OT had adequate catch to meet our
criteria and calculate power values (fig. 22 and 23,
table B—15).

* The MF and OT had adequate power at the 24/12 and
6/12 level of effort, but the BS did not reach adequate
power at the 24/16 level (table 18, fig. 82).

* -None of the gears reached adequate power at the 60/8
level of monitoring for 5 years (table 19).

Conclusions 19

» Using OT, it would take a 20 to 25 percent annual
population decline in 5 years to reach adequate power
at the current 12/8 level, respectively; BS or MF would
take more than a 45 percent annual decline (table 19).

» Using BS, MF, and OT, it would take 35 to 40, 30 to
35, and 10 to 15 years to reach adequate power at the
current 12/8 level, respectively (table 20).

Sturgeon Chub-All

» The OT had adequate catch to meet our criteria and cal-
culate power values (fig. 24, table B—16).

» The OT had adequate power at the 6/4 level of effort
(table 18, fig. 83).

* The OT reached adequate power at less than the 5/8
level of monitoring for 5 years (table 19).

» Using OT, it would take a 1 to 3 percent annual popula-
tion decline in 5 years to reach adequate power at the
current 12/8 level (table 19).

» Using OT, it would take less than 3 years to reach
adequate power at the current 12/8 level (table 20).

Conclusions

The purpose of monitoring programs is to sustain
long-term assessment of populations, and is extensive when
monitoring a community of species that includes long-lived
rare species. The sampling that occurred from 2003 to 2005 in
the Pallid Sturgeon Population Assessment Program is a good
example of this type of community population monitoring
using multiple gear types that target not only the long-lived,
rare fish species, but also gear types that target short-lived,
small fish species. Gray and Burlew (2007) estimated sam-
pling would need to occur for 20 to 30 years to detect an
annual 5 percent trend in fingernail clams (Family: Sphaeri-
idae). Purcell and others (2005) determined it would take 10 to
20 years to detect a decline in abundance of 30 to 56 percent
in bird communities in oak-woodland sites in California. The
current study results are similar to these examples of other
long term monitoring. It was determined that at least 20 years
at the current sampling effort is required to detect a 5 percent
annual decline in most of the target fish populations. These
estimates are conservative since preliminary analyses indi-
cate that a decrease in the number of zeros (J. Bryan, USGS,
unpub. data 2008) or increase in the number of fish caught will
increase power (2006 PSPAP yearly reports show an increase
in pallid sturgeon catches after 2005).

There were differences between the previous power anal-
ysis conducted by Peery (2004) and the analysis conducted
in this study. Peery (2004) used a logistic regression model
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based on presence-absence. As such, the approach estimates
the power to detect changes in population occurrence rather
than population size. In addition, the power analyses that were
conducted were all at the a-level = 0.10. These differences
would explain why Peery (2004) estimated higher power than
the results of this study.

In Zone 1 (in this analysis, this is segment 4), the only
models that achieved adequate power under the current sam-
pling effort were the sicklefin chub caught in the OT. In this
analysis, Zone 1 consisted only of segment 4; consequently,
the variance component estimates and power likely will
improve once the additions of segments 1-3 (first sampled
after 2005) are included in the analysis. With an increase to the
12/12, 18/16 or 24/16 level of effort, the power of the TN was
adequate for the pallid and shovelnose sturgeon and sauger,
respectively, and the power of the MF and BS model was
adequate for the sauger.

Zone 2 (segments 5 and 6) had a moderate number of
models that achieved adequate power. At the current sampling
level, the power of the GN and OT models was adequate
for shovelnose sturgeon. The power of the TN models was
adequate for sauger and shovelnose sturgeon. With an increase
to the 24/16 level of effort, the power of the TN model was
adequate for the pallid sturgeon. With an increase to the 18/12
level of effort, the power of the MF model was adequate for
the sand shiner (Notropis stramineus).

Zone 3 (segments 7, 8, 9, 10, 13, and 14) had the most
species/gear combinations that achieved adequate power under
the current sampling effort for 20 years. This is not unexpected
since Zone 3 is the largest zone that was examined. Under
the current sampling level, the power of the OT models was
adequate for shovelnose sturgeon and all three chub species.
The power of the TN models was adequate for blue sucker
and shovelnose sturgeon. The power of the GN models was
adequate for sauger and shovelnose sturgeon. Lastly, the
power of the BS models was adequate for the sand shiner and
sauger. With an increase of effort to the 18/16 level, the power
of the GN model was adequate for the pallid sturgeon and blue
sucker.

Zone 4 (segments 8, 9, 10, 13, and 14) had fewer models
that achieved adequate power than Zone 3. Under the current
sampling level, the power of the OT models was adequate for
shovelnose sturgeon and all three chub species. The power
of the TN models was adequate for blue sucker and shovel-
nose sturgeon. The power of the GN models was adequate
for shovelnose sturgeon. Lastly, the power of the BS model
was adequate for the sand shiner and sauger. With an increase
of effort to the 18/16 level, the power of the GN model was
adequate for the pallid sturgeon and blue sucker.

The lowest level of non-occurrence (zero catches) at the
bend level for pallid sturgeon was 0.58 using OT in Zone 1.
Because of the low numbers of fish, the power of the pallid
sturgeon models were not as high as other species at the cur-
rent level of sampling, but an increase in the sampling effort to
24 bends/16 subsamples for 20 years would generate adequate
power for the pallid sturgeon in all Zones using TN and OT

(18/16 if using GN and TN for Zone 1, 3, and 4). However,
using only one gear type would eliminate other species of
interest, for example, the smaller fish species such as all three
chub species, sand shiners, and some juvenile classes. If using
GN, OT, and TN and increasing the level of effort to 24/16,
the only species that doesn’t have adequate power is the sand
shiner in all zones and sauger-juvenile in Zone 1, 3, and 4
(the blue sucker models would need a higher level of effort to
have adequate power using only the GN, OT, and TN). These
results indicate the value of multiple gear types to monitor the
fish community in the Missouri River, which is intuitive since
certain species are more susceptible to specific gear types.
Another aspect of using multiple gears to sample a fish
community is the ability to combine active gears or pas-
sive gears in multi-gear models. For this report these power
calculations were not generated because of time constraints;
however, with additional data, higher catch rates, and the use
of multi-gear models, the power of the Pallid Sturgeon Popula-
tion Assessment Program to detect trends in fish populations in
the Missouri River will likely improve, though reassessment is
recommended.
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Table 3. Summary of the sampling effort during 2003 to 2005 using five gear types: bag seine, gill net, mini-fyke
net, otter trawl, and trammel net. These averages were calculated after the data errors and data were removed
because of criteria (see methods).

[FC,Fish Community Season; ST, Sturgeon Season]

Average number Average number
Year Season Segment Number of bends of gear types per  of subsamples per
bend gear type
2003 FC 4 1.0 7.3
2003 FC 2 1.0 5.0
2003 FC 8 4.0 3.1
2003 FC 13 7 3.0 7.0
2003 FC 14 10 2.8 5.9
2003 ST 5 2.0 42
2003 ST 6 5 1.8 43
2003 ST 9 12 1.8 11.4
2003 ST 13 30 1.5 5.7
2003 ST 14 9 2.0 6.3
2004 FC 5 8 2.0 6.8
2004 FC 6 5 2.8 6.8
2004 FC 9 8 3.8 7.9
2004 FC 13 10 3.5 6.7
2004 FC 14 10 3.9 5.7
2004 ST 5 8 1.6 7.3
2004 ST 6 7 1.6 7.3
2004 ST 9 8 3.0 8.6
2004 ST 13 11 2.6 6.2
2004 ST 14 10 2.8 6.4
2005 FC 4 12 3.8 7.5
2005 FC 5 7 3.1 6.7
2005 FC 6 5 3.8 6.0
2005 FC 7 12 3.7 7.5
2005 FC 8 23 3.2 7.8
2005 FC 9 20 3.7 7.9
2005 FC 10 12 4.0 8.1
2005 FC 13 9 3.8 7.1
2005 FC 14 11 3.8 6.9
2005 ST 4 12 1.0 8.9
2005 ST 5 5 2.6 8.4
2005 ST 6 4 3.0 10.8
2005 ST 7 11 1.5 7.6
2005 ST 8 20 2.6 8.2
2005 ST 9 22 2.5 8.3
2005 ST 13 12 2.9 9.1

2005 ST 14 12 3.0 8.6
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130 The Power to Detect Trends in Missouri River Fish Populations within the Pallid Sturgeon Population Assessment Program

Table9. Zone 1 summary of the different bend/subsample levels needed to reach a power of 0.8 when detecting a 5 percent change
for each gear type in the Pallid Sturgeon Population Assessment Program.

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

Bend/subsample level when detecting a 5 percent

change over 10 years

Bend/subsample level when detecting a 5 percent
change over 20 years

Species

Be?ch Mini-Fyke Otter Trammel Be?ch Mini-Fyke Otter Trammel net

seine net trawl net seine net trawl
Blue Sucker-All - - >24/16 >24/16' - - >24/16 >24/16'
Blue Sucker-Adult - - - >24/16! - - - >24/16!
Blue Sucker-Juvenile - - >24/16 -- - - >24/16 -
Pallid Sturgeon-All - - >24/16' >24/16' - - >24/16" 18/16!
Pallid Sturgeon-Adult -- - -- >24/16' - - - >24/16!
Pallid Sturgeon-Juvenile -- -- >24/16! >24/16 - - >24/16! 18/16
Sand Shiner-All -- >24/16! -- -- - >24/16! - -
Sauger-All >24/16! >24/16 >24/16' >24/16' 24/16" >24/16 >24/16! 12/12!
Sauger-Adult -- >24/16 -- >24/16' - >24/16 - 12/16!
Sauger-Juvenile >24/16! >24/16! >24/16 - 24/16' 24/12! >24/16 -
Shovelnose Sturgeon-All -- -- >24/16 >24/16 -- -- 24/12 12/12
Shovelnose Sturgeon-Adult -- -- >24/16 >24/16 -- -- >24/16 18/12
Shovelnose Sturgeon-Juvenile -- -- >24/16 >24/16! - - >24/16 12/16!
Sicklefin Chub-All - - >24/16 - - - 12/8 -
Speckled Chub-All -- -- -- -- -- -- -- --
Sturgeon Chub-All - >24/16 >24/16 - - >24/16 >24/16 -

! Models with an initial negative bend variance component estimate were re-estimated using standard REML estimation methods.
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Table 10. Zone 1 summary of the range of bends and percent annual decrease needed to reach a power of 0.8 for each gear type in
five years of the Pallid Sturgeon Population Assessment Program.

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

Bend/subsample level when detecting a 5 percent Bend/subsample level when detecting a 5 percent

. change over 10 years change over 20 years
Species Be?ch Mini-Fyke Otter Trammel Be?ch Mini-Fyke Otter Trammel net
seine net trawl net seine net trawl

Blue Sucker-All -- - >60 >60! - - >45 >45!
Blue Sucker-Adult -- - - >60! - - - >45!
Blue Sucker-Juvenile -- -- >60 - -- -- >45 --
Pallid Sturgeon-All -- -- >60! >60! -- -- >45! >45!
Pallid Sturgeon-Adult -- -- -- >60! -- - - >45!
Pallid Sturgeon-Juvenile -- -- >60! >60 -- -- >45! >45
Sand Shiner-All - >60" -- - -- >45! - -
Sauger-All >60! >60 >60! >60! >45! >45 >45! >45!
Sauger-Adult -- >60 -- >60! -- >45 -- >45!
Sauger-Juvenile >60! >60! >60 - >45! >45! >45 -
Shovelnose Sturgeon-All -- -- >60 >60 -- -- >45 3540
Shovelnose Sturgeon-Adult - -- >60 >60 -- -- >45 >45
Shovelnose Sturgeon-Juvenile -- -- >60 >60! -- -- >45 >45!
Sicklefin Chub-All -- -- >60 - -- -- 25-30 --
Speckled Chub-All -- -- -- -- -- -- -- --
Sturgeon Chub-All -- >60 >60 - -- -- >45 >45

! Models with an initial negative bend variance component estimate were re-estimated using standard REML estimation methods.
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Table 11. Zone 1 summary of the range of years needed to reach a power of
0.8 for each gear type in five years of the Pallid Sturgeon Population Assessment
Program.

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

Range of years at a 12 bend/8 subsample

level of effort
Species
Beach Mini-Fyke Otter Trammel
seine net trawl net
Blue Sucker-All -- -- >100 >100!
Blue Sucker-Adult - - - >100!
Blue Sucker-Juvenile -- -- >100 -
Pallid Sturgeon-All -- -- >100" 35-40!
Pallid Sturgeon-Adult - - - >100!
Pallid Sturgeon-Juvenile -- -- >100! 35-40
Sand Shiner-All - >100! - -
Sauger-All 50-75! 3540 >100" 25-30!
Sauger-Adult -- >100 -- 25-30!
Sauger-Juvenile 50-75! 30-35! >100 -
Shovelnose Sturgeon-All - -- 30-35 20-25
Shovelnose Sturgeon-Adult -- -- >100 25-30
Shovelnose Sturgeon-Juvenile -- -- 35-40 25-30!
Sicklefin Chub-All -- -- 15-20 --
Speckled Chub-All -- -- -- --
Sturgeon Chub-All -- >100 >100 -

! Models with an initial negative bend variance component estimate were re-estimated using
standard REML estimation methods.
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Table 12. Zone 2 summary of the different bend/subsample levels needed to reach a power of 0.8 when detecting a 5 percent change for
each gear type in the Pallid Sturgeon Population Assessment Program.

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

Bend/subsample level when detecting a 5 percent Bend/subsample level when detecting a 5 percent
i change over 10 years change over 20 years
Species — —
Beach . Mini-Fyke Otter  Trammel Beach . Mini-Fyke  Otter  Trammel
- Gill net . Gill net

seine net trawl net seine net trawl net
Blue Sucker-All - >24/16 - >24/16" - - >24/16 - >24/16' --
Blue Sucker-Adult - >24/16 - >24/16" - - >24/16 - >24/16! -
Blue Sucker-Juvenile - -- -- -- -- -- -- -- -- -
Pallid Sturgeon-All - >24/16 - >24/16  >24/16 - >24/16 - >24/16  24/16
Pallid Sturgeon-Adult -- >24/16 -- -- -- -- >24/16 - -- --
Pallid Sturgeon-Juvenile -- >24/16 -- >24/16  >24/16 -- >24/16 -- >24/16 24/16
Sand Shiner-All >24/16 - >24/16 - - >24/16 - 18/12 - -
Sauger-All - >24/16 - >24/16  24/16! - 18/8 - >24/16 6/16!
Sauger-Adult - >24/16 -- >24/16  24/16! -- 18/8 -- >24/16 6/16!
Sauger-Juvenile >24/161 - >24/16' >24/16 - >24/16' - >24/16" 18/12 -
Shovelnose Sturgeon-All - >24/16 -- 24/16! 18/16 -- 12/8 - 12/8! 6/12
Shovelnose Sturgeon-Adult -- >24/16 -- 24/16! 18/16 -- 12/12 -- 12/8! 6/12
Shovelnose Sturgeon-Juvenile -- >24/16 -- - -- - >24/16 - - -

Sicklefin Chub-All -- -- -- - -- - - - - -
Speckled Chub-All -- -- -- - - - - - - -
Sturgeon Chub-All -- - - - - - - - - -

! Models with an initial negative bend variance component estimate were re-estimated using standard REML estimation methods.
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Table 13. Zone 2 summary of the range of bends and percent annual decrease needed to reach a power of 0.8 for each gear type in five
years of the Pallid Sturgeon Population Assessment Program.

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

Range of bends needed in five years for each season
and segment at a 8 subsample level of effort

Range of percent annual decrease needed in five
years at a 12 bend/8 subsample level of effort

Species Beach . Mini-Fyke Otter  Trammel Beach . Mini-Fyke  Otter  Trammel
seine Gill net net trawl net seine Gill net net trawl net
Blue Sucker-All -- >60 -- >60! - -- >45 -- >45! --
Blue Sucker-Adult - >60 - >60! - >45 - >45!
Blue Sucker-Juvenile -- -- -- -- - -- - - -- --
Pallid Sturgeon-All -- >60 -- >60 >60 -- >45 -- >45 >45
Pallid Sturgeon-Adult -- >60 - -- -- >45 -- --
Pallid Sturgeon-Juvenile -- >60 -- >60 >60 -- >45 -- >45 >45
Sand Shiner-All >60 - >60 - - >45 - >45 - -
Sauger-All - >60 - >60 >60! >45 - >45 30-35!
Sauger-Adult -- >60 -- >60 >60! -- >45 -- >45 30-35!
Sauger-Juvenile >601 >60! >60 - >45! >45! >45 --
Shovelnose Sturgeon-All - >60 - >60! >60 - 30-35 - 30-35"  20-25
Shovelnose Sturgeon-Adult - >60 - >60! >60 -- 35-40 -- 30-35"  20-25
Shovelnose Sturgeon-Juvenile -- >60 -- -- -- >45 -- --

Sicklefin Chub-All -- -
Speckled Chub-All - -
Sturgeon Chub-All - -

! Models with an initial negative bend variance component estimate were re-estimated using standard REML estimation methods.
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Table 14. Zone 2 summary of the range of years needed to reach a power of 0.8 for
each gear type in five years of the Pallid Sturgeon Population Assessment Program.

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

Range of years at a 12 bend/8 subsample level of

effort
Species

Beach . Mini-Fyke Otter  Trammel

seine Gill net net trawl net
Blue Sucker-All -- >100 -- >100! -
Blue Sucker-Adult - >100 -- >100" -
Blue Sucker-Juvenile -- -- -- -- --
Pallid Sturgeon-All -- 75-100 -- 75-100  40-45
Pallid Sturgeon-Adult -- >100 - -- --
Pallid Sturgeon-Juvenile -- >100 -- 75-100  35-40
Sand Shiner-All >100 -- 25-30 -- -
Sauger-All - 20-25 -- 35-40 15-20!
Sauger-Adult -- 20-25 - 50-75 15-20!
Sauger-Juvenile >100! -- >100! 30-35 --
Shovelnose Sturgeon-All - 15-20 -- 15-20! 10-15
Shovelnose Sturgeon-Adult -- 20-25 - 15-20! 10-15
Shovelnose Sturgeon-Juvenile -- >100 -- -- -

Sicklefin Chub-All -- -
Speckled Chub-All - -
Sturgeon Chub-All - -

! Models with an initial negative bend variance component estimate were re-estimated using

standard REML estimation methods.
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136 The Power to Detect Trends in Missouri River Fish Populations within the Pallid Sturgeon Population Assessment Program

Table 15. Zone 3 summary of the different bend/subsample levels needed to reach a power of 0.8 when detecting a 5 percent change for
each gear type in the Pallid Sturgeon Population Assessment Program.

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

Bend/subsample level when detecting a 5 percent

change over 10 years

change over 20 years

Bend/subsample level when detecting a 5 percent

Species Be?ch Gill net Mini-Fyke Otter  Trammel Be?ch Gill net Mini-Fyke  Otter  Trammel
seine net trawl net seine net trawl net

Blue Sucker-All -- >24/16 -- >24/16 24/16 -- 18/16 -- 18/12 6/16
Blue Sucker-Adult - >24/16 -- >24/16 24/16 -- 18/8 -- 24/12 12/8
Blue Sucker-Juvenile -- >24/16' -- >24/16  >24/16 -- 18/16! -- 12/12 12/16
Pallid Sturgeon-All -- >24/16' -- >24/16'  >24/161 -- 18/16! -- >24/16'  24/16'
Pallid Sturgeon-Adult - >24/16 -- >24/16*  >24/162 - >24/16 -- >24/16*  >24/16*
Pallid Sturgeon-Juvenile - >24/16" -- >24/16'  >24/161 - >24/16! -- >24/16"  24/16'
Sand Shiner-All 24/12 -- >24/16 -- -- 6/16 -- 24/12 -- -
Sauger-All 12/12"  >24/16 >24/16 >24/16  >24/16 12/4 12/8 >24/16  >24/16  >24/16
Sauger-Adult - >24/16 - >24/16 >24/16 - 12/8 - >24/16  >24/16
Sauger-Juvenile 12/12! -- >24/16  >24/16! -- 6/8! -- >24/16  >24/16' --
Shovelnose Sturgeon-All -- 6/16 -- 6/12 12/8 -- 6/4 -- 6/4 6/4
Shovelnose Sturgeon-Adult -- 12/8 -- 12/8 12/12 -- 6/4 -- 6/4 6/4
Shovelnose Sturgeon-Juvenile - 6/12 -- 6/8 12/8 - 6/4 -- 6/4 6/4
Sicklefin Chub-All -- -- >24/16 24/16 -- -- -- >24/16 6/16 -
Speckled Chub-All >24/16 -- >24/16 18/16 -- >24/16 -- 18/16 6/8 --
Sturgeon Chub-All -- -- -- 6/41 -- -- -- - 6/4! --

! Models with an initial negative bend variance component estimate were re-estimated using standard REML estimation methods.

2 Only Sturgeon Season.
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Table 16. Zone 3 summary of the range of bends and percent annual decrease needed to reach a power of 0.8 for each gear type in five
years of the Pallid Sturgeon Population Assessment Program.

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

Range of bends needed in five years for each season Range of percent annual decrease needed in five
. and segment at a 8 subsample level of effort years at a 12 bend/8 subsample level of effort
Species Be?ch Gill net Mini-Fyke Otter  Trammel Be?ch Gill net Mini-Fyke  Otter  Trammel
seine net trawl net seine net trawl net
Blue Sucker-All - >60 - >60 >60 - >45 - >45 20-25
Blue Sucker-Adult -- >60 -- >60 >60 -- >45 -- >45 25-30
Blue Sucker-Juvenile - >60! -- >60 >60 - >451 -- >45 >45
Pallid Sturgeon-All - >60! - >60! >60! - >45! -- >45! >45!
Pallid Sturgeon-Adult -- >60 -- >60? >60? - >45 - >452 >452
Pallid Sturgeon-Juvenile -- >60! -- >60! >60! - >451 -- >45! >451
Sand Shiner-All >60 - >60 - - 20-25 - >45 - -
Sauger-All >60! >60 >60 >60 >60 10-15" 30-35 >45 >45 >45
Sauger-Adult -- >60 -- >60 >60 - 30-35 -- >45 >45
Sauger-Juvenile >60! - >60 >60! -- 10-15! -- >45 >45! --
Shovelnose Sturgeon-All - 3540 -- 30-35 45-50 -- 5-10 -- 5-10 10-15
Shovelnose Sturgeon-Adult -- 15-20 -- 15-20 20-25 -- 10-15 -- 10-15 10-15
Shovelnose Sturgeon-Juvenile -- 30-35 -- 25-30 50-55 -- 5-10 -- 5-10 10-15
Sicklefin Chub-All - - >60 >60 - - - >45 20-25 -
Speckled Chub-All >60 - >60 >60 -- >45 -- >45 15-20 --
Sturgeon Chub-All - - -- <5! -- - -- -- 1-3! --

! Models with an initial negative bend variance component estimate were re-estimated using standard REML estimation methods.

2 Only Sturgeon Season.



138 The Power to Detect Trends in Missouri River Fish Populations within the Pallid Sturgeon Population Assessment Program

Table 17. Zone 3 summary of the range of years needed to reach a power of 0.8 for
each gear type in five years of the Pallid Sturgeon Population Assessment Program.

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

Range of years at a 12 bend/8 subsample level of

effort
Species

Be?ch Gill net Mini-Fyke Otter  Trammel

seine net trawl net
Blue Sucker-All - 20-25 - 25-30 15-20
Blue Sucker-Adult -- 25-30 -- 30-35 15-20
Blue Sucker-Juvenile - 40-45! -- 20-25 20-25
Pallid Sturgeon-All - 35-40! -- >100! 50-75!
Pallid Sturgeon-Adult - >100 - >100? >100?
Pallid Sturgeon-Juvenile - >100! -- >100! 50-75!
Sand Shiner-All 15-20 - 30-35 -- --
Sauger-All 10-15" 15-20 50-75 >100 50-75
Sauger-Adult -- 15-20 -- >100 45-50
Sauger-Juvenile 10-15! - 50-75 >100! --
Shovelnose Sturgeon-All -- 5-10 -- 5-10 5-10
Shovelnose Sturgeon-Adult -- 5-10 -- 5-10 10-15
Shovelnose Sturgeon-Juvenile - 5-10 - 5-10 5-10
Sicklefin Chub-All - - >100 15-20 -
Speckled Chub-All 30-35 - 30-35 10-15 --
Sturgeon Chub-All - - -- <3! --

! Models with an initial negative bend variance component estimate were re-estimated using

standard REML estimation methods.

2 Only Sturgeon Season.
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Table 18. Zone 4 summary of the different bend/subsample levels needed to reach a power of 0.8 when detecting a 5 percent change for
each gear type in the Pallid Sturgeon Population Assessment Program.

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

Bend/subsample level when detecting a 5 percent Bend/subsample level when detecting a 5 percent
. change over 10 years change over 20 years
Species

Be?ch Gill net Mini-Fyke Otter  Trammel Be?ch Gill net Mini-Fyke  Otter  Trammel

seine net trawl net seine net trawl net
Blue Sucker-All - >24/16 - >24/16  >24/16 - 18/16 - 18/16 12/8
Blue Sucker-Adult - >24/16 - >24/16  >24/16 - 24/8 - 24/16 12/8
Blue Sucker-Juvenile -- >24/16! - >24/16  >24/16 -- 18/16! -- 12/16 18/12
Pallid Sturgeon-All - >24/16" - >24/16'  >24/16! -- 18/16' - >24/16'  >24/16!
Pallid Sturgeon-Adult - >24/16 - >24/16>  >24/16° - >24/16 - >24/16>  >24/16?
Pallid Sturgeon-Juvenile -- >24/16! - >24/16'  >24/16! -- >24/16' -- >24/16"  >24/16!
Sand Shiner-All 24/16 - >24/16 - - 6/16 - >24/16 - -
Sauger-All - >24/16 >24/16 >24/16  >24/16 - 12/12 24/16 >24/16  >24/16
Sauger-Adult - >24/16 - - >24/16 - 12/12 - - >24/16
Sauger-Juvenile 12/12! - >24/16  >24/16' - 6/8! - 24/16 >24/16! -
Shovelnose Sturgeon-All -- 12/8 -- 6/12 12/12 -- 6/4 -- 6/4 6/4
Shovelnose Sturgeon-Adult -- 12/8 - 12/12 12/12 -- 6/4 -- 6/4 6/8
Shovelnose Sturgeon-Juvenile -- 12/8 - 6/12 12/12 -- 6/4 -- 6/4 6/8
Sicklefin Chub-All - - >24/16 >24/16 - - - >24/16 12/8 -
Speckled Chub-All >24/16 - >24/16 24/12 - >24/16 - 24/12 6/12 -
Sturgeon Chub-All -- -- - 6/4! -- -- -- -- 6/4! --

! Models with an initial negative bend variance component estimate were re-estimated using standard REML estimation methods.

2 Only Sturgeon Season.
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Table 19. Zone 4 summary of the range of bends and percent annual decrease needed to reach a power of 0.8 for each gear type in five

years of the Pallid Sturgeon Population Assessment Program.

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

Range of bends needed in five years for each season
and segment at a 8 subsample level of effort

Range of percent annual decrease needed in five
years at a 12 bend/8 subsample level of effort

Species Be?ch Gill net Mini-Fyke Otter  Trammel Be?ch Gill net Mini-Fyke  Otter  Trammel
seine net trawl net seine net trawl net
Blue Sucker-All - >60 - >60 >60 - >45 - >45 25-30
Blue Sucker-Adult -- >60 -- >60 >60 -- >45 -- >45 25-30
Blue Sucker-Juvenile -- >60! - >60 >60 -- >45! -- >45 >45
Pallid Sturgeon-All -- >60! -- >60! >60! -- >45! -- >45! >45!
Pallid Sturgeon-Adult - >60 -- >60? >602 - >45 - >452 >452
Pallid Sturgeon-Juvenile -- >60! -- >60! >60! -- >45! -- >451 >451
Sand Shiner-All >60 - >60 - - 25-30 - 40-45 -- -
Sauger-All -- >60 >60 >60 >60 -- 3540 >45 >45 >45
Sauger-Adult -- >60 -- -- >60 -- 3540 -- - >45
Sauger-Juvenile >601 -- >60 >60! - 10-15! - >45 >45! --
Shovelnose Sturgeon-All -- 45-50 - 30-35 >60 -- 10-15 -- 5-10 10-15
Shovelnose Sturgeon-Adult -- 20-25 - 30-35 25-30 -- 10-15 -- 10-15 10-15
Shovelnose Sturgeon-Juvenile -- 40-45 - 25-30 >60 -- 10-15 -- 5-10 10-15
Sicklefin Chub-All -- - >60 >60 - - - >45 25-30 -
Speckled Chub-All >60 -- >60 >60 -- >45 -- >45 20-25 --
Sturgeon Chub-All -- - - <5! - - - - 1-3! -

! Models with an initial negative bend variance component estimate were re-estimated using standard REML estimation methods.

2 Only Sturgeon Season.



Table 20. Zone 4 summary of the range of years needed to reach a power of 0.8 for
each gear type in five years of the Pallid Sturgeon Population Assessment Program.

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

Range of years at a 12 bend/8 subsample level of

effort
Species

Be?ch Gill net Mini-Fyke Otter  Trammel

seine net trawl net
Blue Sucker-All - 25-30 -- 30-35 15-20
Blue Sucker-Adult -- 25-30 - 3540 15-20
Blue Sucker-Juvenile -- 45-50! -- 25-30 25-30
Pallid Sturgeon-All -- 35-40! -- >100'  75-100!
Pallid Sturgeon-Adult - >100 - >100? >100?
Pallid Sturgeon-Juvenile -- >100! -- >100"  75-100!
Sand Shiner-All 15-20 -- 50-75 -- -
Sauger-All -- 20-25 40-45 >100 >100
Sauger-Adult -- 20-25 - -- >100
Sauger-Juvenile 10-15! -- 45-50 >100! -
Shovelnose Sturgeon-All -- 5-10 -- 5-10 10-15
Shovelnose Sturgeon-Adult -- 5-10 - 10v15 10-15
Shovelnose Sturgeon-Juvenile -- 5-10 -- 5v10 10-15
Sicklefin Chub-All - - >100 15-20 -
Speckled Chub-All 3540 -- 30-35 10-15 --
Sturgeon Chub-All -- -- - <3! -

! Models with an initial negative bend variance component estimate were re-estimated using

standard REML estimation methods.

2 Only Sturgeon Season.

Tables 3-20
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