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PROLOGUE: A Decade of Monitoring

Since 1991, the Illinois Natural History Survey has operated the Great Rivers Field Station, one
of six field stations associated with the Long Term Resource Monitoring Program (LTRMP) of the
Upper Mississippi River Restoration Environmental Management Program. This bulletin presents
detailed findings for water quality and fish monitoring from 1994 to 2004 in Pool 26 of the Upper
Mississippi River System (UMRS) collected and analyzed by scientists at the Great Rivers Field
Station. We present this information with the goals of 1) demonstrating the value of these data for
management of the natural resources of the UMRS, 2) to serve as an easily accessible vehicle for
persons searching for information on environmental conditions in this reach of the UMRS, and 3)
to generate hypotheses and questions that can be addressed further in future analyses of LTRMP
data and/or through focused research studies.

We hope that the findings we present will be useful to river scientists and managers, but we are
also hopeful that nonscientists, such as nongovernmental organizations, decision makers, and the
general public, will also find this work informative. With this in mind, we have limited ourselves
to presenting only basic statistical analyses (e.g., graphs of central tendency and linear regression)
with the exception of the last chapter. Long-term monitoring data for natural resources are rare
and our understanding of the ecology of great rivers lags far behind most other ecosystems. Im-
proving our management of these important natural resources will require more than the support
of scientists and managers; society at large ultimately provides the funding necessary for these
efforts and it needs to be informed so that they can judge the value and efficacy of programs such
as the LTRMP. We hope that this bulletin will be informative to a wide audience.
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Chapter 1: Setting the Stage — The Environmental
Setting and Water Quality Trends of Pool 26

Lori A. Soeken-Gittinger and John H. Chick

Abstract: We present information gleaned from 10 years of data collected by the water quality
component of the Upper Mississippi River Restoration Environmental Management Program’s
Long Term Resource Monitoring Program (LTRMP) from Pool 26 of the Upper Mississippi River
System (UMRS). The Pool 26 reach of the UMRS includes the confluence with the Illinois River,
and the confluence with the Missouri River just downstream of Mel Price Locks and Dam. The
surrounding communities in both Illinois and Missouri benefit greatly from the natural resources
provided by these rivers. We estimate that annual expenditures are $84 and $55 million for fish-
ing and hunting, respectively, in the region surrounding Pool 26 based on license sales and state
expenditure data from the U.S. Fish and Wildlife Service. Additionally, there is a commercial
fishery active in Pool 26, recreational boating, and the UMRS provides drinking water for many
municipalities in this region. Finally, the Upper Mississippi River System is a major transportation
system, and Pool 26 receives the greatest amount of barge traffic for any river reach in the UMRS.
The LTRMP began collecting data in 1988, but the first years of the program were experimental.
Currently followed monitoring protocols for water quality and fish monitoring were adopted in
1993; however, a major flood event in that year prevented full data collection for that year. Data
from the LTRMP water quality component demonstrate that Pool 26 is a highly productive river
reach. Long-term averages of chorophyll-a, total phosphorous, total nitrogen, and total inorganic
solids are comparable to levels in eutrophic to highly eutrophic lakes. The average current veloc-
ity in the main channel of the Mississippi River in Pool 26 ranges from 0.364-0.414 m/sec. during
the summer and fall. Even during the lowest discharge levels in a year, the reach has a residence
time no longer than 2.7 days. Discharge was significantly related to many water quality param-
eters, including Secchi depth, turbidity, total suspended solids, total nitrogen, nitrate-nitrite, and
total phosphorus. We observed a significant linear increase in mean water temperature in the main
channel from 1994 to 2004. When these data were analyzed by season, positive linear trends were
found during the spring (0.515°C per year) and fall (0.646°C per year). Continued monitoring is
necessary to determine if these observations represent short term fluctuations or long-term trends
and to detect any related effects on this river reach.
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Introduction

A river with a natural flow regime is a rarity
today. Due to human alterations, most large
rivers in North America and around the globe
have become a series of impoundments, making
their status as true rivers questionable (Cum-
mins 1972). Rivers and their associated aquatic
habitats have been extensively altered in North
America, largely because of increased human
population and the associated degradation of
aquatic resources (Naiman and Bilby 1998).
Dredging and channelization to aid navigation,
dams for hydropower and navigation (Bednarek
2001), levees to prevent the inundation of flood-
plains (Sparks 1995), and diversion of water
for irrigation (Dudgeon 1992) have altered the
natural flow regimes, impacted native spe-

cies, affected water quality, and even increased
duration and levels of the flooding they were
designed to prevent (Poff et al. 1997). The
Upper Mississippi River System (UMRS) is no
exception to these trends.

The UMRS, which extends from the Minne-
apolis-St. Paul, Minnesota area to the conflu-
ence with the Ohio River near Cairo, Illinois, is
one of the few large floodplain-river ecosystems
that retains its seasonal flood pulses and has
over 50% of its original floodplain area intact
(Delaney and Craig 1997; Sparks et al. 1998).
Prior to human alteration, the river was shallow
and swift, with snags, sandbars, and rapids, and
was navigable to St. Paul only during high-
water stages (Holland-Bartels 1992). Naviga-
tion alterations such as snag removal, sandbar
dredging, and the excavation of rapids began
around 1824 (Delaney and Craig 1997; Sparks
et al. 1998). In 1878, a navigation improve-
ment project authorized a 1.37-m- (4.5-ft.-) deep
navigation channel, with maintenance of the
channel provided by bank revetments, longitu-
dinal dikes, and closing dams. A 1.83-m (6-ft.)
channel was authorized in 1907, created primar-
ily through construction of numerous wing dikes
and more closing dams (Delaney and Craig
1997. Patrick 1998).

The most dramatic change in the UMRS be-
gan in 1930, with the authorization of a 2.75-m-
(9-ft.-) deep navigation channel (Patrick 1998).
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Revetments and dikes were not sufficient to
maintain a channel of this depth, so a series of
26 locks and dams were constructed allowing
navigation of the river during times that were
previously low water periods (Holland-Bartels
1992, Patrick 1998). There are significant
impoundment effects associated with the locks
and dams, including an increase in water sur-
face area, the stabilization of water elevations
in portions of each reach, and transformation
of intermittent backwater areas into permanent
lakes (Fremling and Claflin 1984, Holland-
Bartels 1992, Soballe et al. 2002). These
backwater habitats are extensive and highly
productive; however, the same impoundments
that created them are also causing sedimenta-
tion and eutrophication in these productive
backwaters (Patrick 1998).

The UMRS remains a productive floodplain
river, but it is also a working river with over
126 million tons of cargo transported along its
length and tributaries each year (Sparks et al.
1998). In addition to serving as a transporta-
tion system, the UMRS also provides valuable
recreational resources and is nationally impor-
tant for tourism. Carlson (1993) reported that
outdoor recreation on the UMRS (including
fishing, hunting, and nonconsumptive uses)
generates $1.2 billion each year for the U.S.
economy, with recreational enthusiasts making
over 11 million visits each year (Black et al.
1999).

Pool 26 is a 64-km (40-mile) reach of the
UMRS, beginning below Lock and Dam No.
25 at river mile (RM) 241 .4 near Cap au Gris,
Missouri, and ending at Melvin Price Locks
and Dam at Alton, Illinois (RM 200.8; Fig. 1).
This reach includes the confluence with an ad-
ditional large floodplain river, the Illinois Riv-
er, and the confluence with the Missouri River
is just downstream of Melvin Price Locks and
Dam. Pool 26 retains about 31% connectivity
between the river and its historical floodplain
(Theiling et. al 2000). The surrounding com-
munities in both Illinois and Missouri benefit
greatly from the natural resources provided by
these rivers. For example, 3.9% of all Illinois
and 11% of all Missouri fishing licenses are
purchased in the counties surrounding Pool
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Figure 1. Pool 26 of the Upper Mississippi River showing the locations of fixed sites for the main channel
(white circles), contiguous backwaters (yellow circles), and impounded zone (red circles).

26, along with 6.1% of Illinois and 13% of
Missouri hunting licenses (Illinois Depart-
ment of Natural Resources 1998, Greg Jones,
Missouri Department of Natural Resources,
pers. comm.). Using state totals from the U.S.
Fish and Wildlife Service's national survey data
from 2001, this level of fishing and hunting
should generate approximately $51 million

in related expenditures in Illinois, and $139
million in related expenditures in Missouri
(U.S. Fish and Wildlife Service 2002). The
largest state park in Illinois, Pere Marquette
State Park, is located at the confluence of the
Mississippi and Illinois rivers and has been
estimated to bring in $22 million a year to the
local economies (Illinois Department of Natural
Resources 1998). Additionally, there is a com-
mercial fishery active in Pool 26 (see Chapter
3), recreational boating, and the rivers provide
drinking water for nearly all of the surrounding
municipalities.

The Long Term Resource Monitoring
Program

In 1993, Melvin Price Locks and Dam re-
placed the original Lock and Dam 26, which
was demolished when the new structure was
completed, and was the first original lock and
dam installation to be replaced with larger,
1,200-foot locks (Soballe et al. 2002; Fig. 2).
The plans for this construction, along with a
growing realization of the need to effectively
manage and monitor the UMRS ecosystem,

brought about a congressional authorization
(Water Resources Development Acts of 1986
and 1999; Public Law 99-662) to fund the U.S.
Army Corps of Engineers to conduct the Upper
Mississippi River Restoration Environmental
Management Program for the UMRS, which
includes the Long Term Resource Monitor-

ing Program (LTRMP). The LTRMP began in
1988, and is intended to monitor and evaluate
long-term changes in selected physical, chemi-
cal, and biological characteristics, and provide
decision makers with information to maintain
the UMRS as a viable ecosystem with multiple
uses (Soballe et al. 2002; USFWS 1993).

The study area of the LTRMP includes the
Mississippi River from Cairo, Illinois, to the
head of navigation near St. Paul, Minnesota
(Soballe et al. 2002). Six selected reaches
(Regional Trend Areas) in the UMRS are
monitored for water quality, macroinverte-
brates, fisheries, and aquatic vegetation data.
The Illinois Natural History Survey’s Great
Rivers Field Station (GRFS) monitors Pool 26
for the LTRMP, and is one of six field stations
associated with the program. In addition to
the main channel, all of the major tributaries of
the Mississippi and Illinois rivers in these six
reaches are monitored, along with side chan-
nels, backwater lakes, and impounded areas
(Soballe et al. 2002). This chapter provides a
basic physical and chemical description of Pool
26 of the UMRS based on 10 years of monitor-
ing data collected through the LTRMP.
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Figure 2. The six LTRMP study areas on the Upper Mississippi River (graphic courtesy of

UMESC-USGS).

Methods

We examined seasonal patterns and trends in
annual averages of key water quality parame-
ters sampled by the GRFS water quality team in
Pool 26 of the UMRS for the LTRMP. Soballe
and Fischer (2004) present detailed descrip-
tions of the LTRMP water quality design and
procedures, so only basic information will be
provided here. Sampling by the GRFS water
quality team includes Pool 26, portions of the
Mississippi River below Mel Price Locks and
Dam, the Missouri River, the Illinois River, and

other tributaries (Soballe et al. 2002). For the
purposes of this bulletin, only sites within Pool
26 were analyzed. The LTRMP water quality
component collects information on a selected
set of physical and chemical features of the
UMRS with the purpose of identifying, inter-
preting, and/or predicting long- and short-term
patterns and trends. Water quality monitoring
in the early years of the program (1988-1991)
was confined to fixed sites and limited to in situ
physical and chemical measurements. Begin-
ning in June 1993, a new LTRMP sampling
design was implemented, including expanded
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fixed sites, stratified random sampling (SRS),
and an enhanced set of in situ field measure-
ments and laboratory analysis of chemical con-
stituents (Soballe et al 2002). A more detailed
examination of field and laboratory methods is
presented in Soballe and Fisher (2004).

Fixed site locations in the present design moni-
tor major inflows and outflows in the study areas,
as well as locations of special significance on a
biweekly basis. The SRS sampling is conducted
seasonally in four, two-week episodes; winter
(January/February), spring (April/May), summer
(July/August), and fall (October). Each SRS epi-
sode in Pool 26 has 121 sites randomly selected
from 6 major habitat areas. Fixed site and SRS
data used in these analyses were collected from
19942004, except that SRS and fixed site sam-
pling were not conducted during the year 2003
due to budget cuts. Only surface samples (<20
cm below surface) were used in our analyses.
We focused on four major habitat areas for our
analyses: main channel, side channel (sampled
during SRS only), contiguous backwaters, and
areas impounded by the current or previous
locks and dams. The parameters addressed in
this chapter are limited to discharge (ft*/sec),
temperature (°C), dissolved oxygen (mg/L), pH
(pH units), conductivity (#S/cm), chlorophyll-a
(ng/L), Secchi depth (cm), turbidity (nephelo-
metric turbidity units—NTU), suspended solids
(mg/L), total nitrogen (mg/L), nitrate plus nitrate
nitrogen (mg/L), total phosphorous (mg/L), and
soluble reactive phosphorous (mg/L). Some
additional water quality parameters and mea-
surements have been or are currently collected
and/or measured by the LTRMP water quality
component but are not addressed in this chapter.
Soballe and Fischer (2004) provide a full listing
of all parameters measured for LTRMP.

Because fixed sites are sampled on a continu-
ous basis throughout the year, we used these data
to examine seasonal patterns, using only sites
that were sampled throughout the entire study
period (1994-2004). Fixed sites from three of
the four major habitat areas mentioned above
(side channels are not sampled in fixed site
sampling) were used, including two main chan-
nel sites, three contiguous backwater sites, and
three impounded sites (Fig. 1). No sites were

Vol. 39 Art.6

excluded for any reason other than not being
sampled over the entire sampling period.
Sample sizes for fixed site monthly means and
SRS episode means can be found in Appen-
dix A. Fixed-site means were calculated by
month, and SRS means were calculated by
seasonal episode (Appendix D) and plotted
between the two months they were sampled
(e.g., between January and February for the
winter episode). Cumulative percentages
were generated using main channel SRS data
only. For the dissolved oxygen cumulative
percentage graph, 20 mg/L was considered the
maximum: any reading above 20 mg/L was
given a reading of 20 mg/L (this is due to a
change in Hydrolab measurement devices and
the maximum reading they are able to record).
We used regression to test for trends in
annual means of water quality parameters
from SRS data (surface measurements only),
and ran regression analyses for each habitat
area separately (Appendices B, C). Surface
measurements were used because water in
major habitats of Pool 26 (main channel, side
channels, backwater lakes, and impounded
zone) rarely stratifies. Because we focused
our analyses on particular habitat areas, rather
than poolwide (e.g., across habitat) trends,
standard arithmetic means are appropri-
ate. These analyses were undertaken with
the goal of pattern identification, rather than
hypothesis testing. As each point represents
a yearly mean, no adjustment was made in
the regression analysis for seasonality. Ten
years is insufficient for a more thorough time
series analysis, especially given the quarterly
sampling scheme used for SRS sampling. We
ran additional regressions of water tempera-
ture trends using fixed site data, as a follow
up to the analysis using SRS data. Additional
regression analyses were performed to test
for relationships between select water qual-
ity parameters, and between water quality
parameters and annual discharge. We used
yearly means of water quality from SRS main
channel samples, and tested for log-linear
relationships. Discharge data were obtained
through the U.S. Geological Survey, measured
at Grafton, Illinois.
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Results and Discussion
General Description of Pool 26

Pool 26 of the UMRS is a major junction

in the Mississippi River basin. The Illinois
River, which enters the UMRS within Pool 26,
strongly influences limnological conditions
below its mouth (Soballe et al. 2002). Several
other tributaries also enter the Mississippi
River in this reach, and though their discharges
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ous backwaters in the reach have been leveed
off from the river, with control structures used
to regulate their connection to the river (Soballe
et al 2002). Water levels are currently managed
to maintain the 2.75-m (9-ft.) navigation chan-
nel. Seasonal variation in water levels over
much of the reach has been greatly reduced
compared to conditions before the construction
of Lock and Dam 26 (Fig. 3A). There are no
longer true low water periods (which previous-
ly allowed for drying and sediment compaction

Table 1. Characteristics of different trophic levels in lakes (Wetzel 1983) and Pool 26 (LTRMP; Pool 26 data
ranges based on main channel yearly averages from 1994-2004).

Total

Trophic Type Chlorophyll-a Total Phosphorous Total Nitrogen Inorganic Solids

(mg/m’) (ng/l) (ng/l) (mg/L)
Oligotrophic <1-3 <1-5 <1-250 2-15
Mesoeutrophic 2-15 10-30 500-1100 100-500
Eutrophic 10-500 10-30 500-1100 100-500
Hypereutrophic 10-500 30 -> 5000 500 -> 15000 400-60000
Dystrophic <1-10 <1-10 <1-500 5-200
Pool 26 19-40 164-252 3239-4148 ° 35-125

are minor compared to the Illinois River, their
inputs can dramatically change the limnologi-
cal conditions in the Mississippi River after
heavy rainfall because these streams primarily
drain agricultural and urban areas (Soballe et al
2002).

Pool 26 is a highly productive river reach.
Long-term averages of chorophyll-a, total phos-
phorous, total nitrogen, and total inorganic sol-
ids all fall into Wetzel’s (1983) categories for
eutrophic to highly eutrophic lakes (Table 1).
This productivity directly supports a planktonic
food web that includes filter-feeding fishes (giz-
zard shad, bigmouth buffalo, and paddlefish;
Chick et al. 2006), filter-feeding mussels (Cum-
mings and Mayer 1992), and planktivorous
macroinvertebrates (Sauer 2004), and indirectly
supports any organisms that consume these
filter feeders.

The total water surface area of the reach is
about 9,300 hectares (ha), with 4,900 ha in the
main and side channels. Many of the contigu-

in the backwaters and channel border areas) as
a result of maintaining the 2.75-m depth of the
navigation channel.

Like most impounded reaches on the UMRS,
Pool 26 consists of three distinct areas: tail-
water, middle, and impounded (i.e., furthest
downstream). Sparks (1995) demonstrated the
water level regime in Pool 26 varies among
these three areas (Fig. 3B). The tailwater area,
located just downstream from Dam 25, is least
altered and still maintains a natural flood pulse.
The magnitude of seasonal variation decreases
in the middle of the reach, and the annual
hydrograph is often reversed in the impounded
zone and the pool is drawn down so as not to
exceed the limiting stage at Grafton, I1l. When
approaching a discharge of 210,000 cfs, the
pool at the dam must be lowered to 414.0 feet
NGVD to accomplish the above purpose. When
flows exceed 210,000 cfs, all gates are opened
fully and open-river conditions exist. It can
be seen that a "hinge" of five feet exists at the
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Figure 3. Stage height and discharge data for Pool 26. A) Mean daily gage height of the Mississippi River
at Grafton, Illinois, pre- and post-dam construction, B) mean daily elevation (1942-1990) at the tailwaters
(Locks & Dam 25, RM 241), Golden Eagle (RM 228), Grafton, Illinois (hinge point, RM 212), and Alton,
[linois (headwaters of Lock & Dam 26, RM 203). Note that at Locks and Dam 26, water elevation drops
in spring instead of rising due to the method of water control (Adapted from Sparks 1995), C) mean daily
discharge (feet¥/second) at Grafton, Illinois (hinge point, RM 218) 1993-2004.
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dam (419.0 to 414.0 feet NGVD) as discharges
increase from minimum flows to those provid-
ing uncontrolled navigation depth.

Although there has been an obvious change
in the flow regime of the river since the con-
struction of levees and the locks and dams, it
is a mistake to view the navigation pools of the
UMRS as lakes or reservoirs. For comparison,
we looked at flow rates and retention times in
hydroelectric reservoirs on the Savannah River
(Georgia, U.S.A), each of which is about 35
miles in length, which is similar to the length
of Pool 26. Flow rates in reservoirs on the
Savannah River range from 0.005-0.012 m/
sec. (Wilde 1998). The average flow rates in
the main channel of the Mississippi River in
Pool 26 range from 0.364-0.414 m/sec. (as
measured by the LTRMP). Although there are
impoundment effects on this reach, Pool 26 is
more riverine in character, with swifter flow
and seasonal floods, compared to most reser-
voirs. The total volume of water held in Pool
26 during bank full conditions is about 450 mil-
lion m?* (James Rogala, U.S. Geological Survey,
pers. comm.). During high discharge levels,
dam gates are completely out of the water and
offer little impediment to flow. Even during the
lowest discharge levels in a year, (~1,900 m®/
sec. (James Rogala, U.S. Geological Survey,
pers. comm.), the reach has a residence time of
2.7 days. By comparison, the Savannah River
reservoirs have residence times ranging from
100 to 300 days (Wilde 1998).

The Water Quality of Pool 26

Discharge: The seasonal patterns of many wa-
ter quality parameters are strongly influenced
by temperature and river discharge. River dis-
charge reflects precipitation patterns and inputs
from the watershed, and affects water residence
time, all of which affect most water quality
parameters. Discharge in Pool 26 peaks at over
300,000 ft¥/sec in springtime (May and June),
and reaches minimum levels under 50,000 ft3/
sec in September—October and December—
January (Fig. 3C). The highest discharge over
the study period occurred during the 1993
flood, which also extended much later into the
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summer than is typical for a spring flood in the
reach (Fig. 3C).

Temperature and Dissolved Oxygen: Water
temperature and dissolved oxygen influence
many physical and chemical characteristics of
water, and play a large role in habitat suitability
for many aquatic organisms. Temperature af-
fects the presence or absence of species, growth
rates, and the ability of organisms to tolerate
disturbance and stress (Soballe et al. 2000).
Inflows from groundwater and tributaries can
have marked local and poolwide effects on
both temperature and dissolved oxygen levels
in the reach. At main channel sites and most
side channel sites in Pool 26, thermal stratifi-
cation is prevented by turbulent flow. Ther-
mal stratification is slightly more common in
off-channel sites, particularly at sites with low
current velocities (backwaters and impounded
areas), but is still rare because the majority of
backwater and impounded sites are shallow and
well mixed.

LTRMP temperature data show high sea-
sonality, and very little difference in seasonal
temperature regimes among strata, with little
inter-annual variation for any given month
(Fig. 4A). Water temperatures from November
through March are below 10°C and rise above
25°C in July and August in all habitat areas. In
the main channel, temperature is above 10°C
~85% of the year (Fig. 4B). The main chan-
nel of the Mississippi River in Pool 26 rarely
freezes completely due to both temperature and
the effects of barge traffic: barge traffic breaks
apart ice and inhibits solid ice formation in
most of the main channel during winter months.

Yearly temperature averages in main channel
sites increased significantly (P < 0.0354; Ap-
pendix C) from 1994-2004 (Fig. 5). Because
this trend appeared to be influenced greatly by
warmer water temperature in 2004, we exam-
ined annual trends for each season in the main
channel using fixed sites (Fig. 6). Significant
positive trends for water temperature were
found for both the spring (P <0.001) and fall
(P =<0.023), and these trends in annual water
temperature are consistent with local air tem-
perature records (Tucker et al. 2008). Increases

continued on page 334
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Figure 4. Water temperature data for Pool 26. A) Seasonal patterns: means in tempera-
ture (°C) in major habitat areas of Pool 26 (1993-2004). Monthly means (*) are from
fixed site sampling. Stratified random sampling (SRS) points (O) are plotted quarterly
between the 2 months that the two-week SRS episode spans. Error bars represent +/-
one standard error. Sample sizes can be found in Appendix A. *note that side channels
are not sampled in the fixed site sampling regime. B) Cumulative percentages of surface
temperature readings in the main channel of Pool 26 (SRS data only).



September 2013

Temperature (C)

Temperature (C)

Main Channel
temperature = 14.648 + 0.206({year)
20 | g2. 0.44 P<0.0354

18 |

16 |

Side Channel

Impounded

FEFIPESSFETIEFIPISSESS

18 Spring Summar
{March - May) (June - August)
16 - Temperature = 819 + 0.515Year)
R =072 P = 0001
14
12
10
8-
8-
W 1996 198 200 20W 2004 1M 1906 18 200 2002 2004
£ Fall Winter
(September - November) (Decesmbear - Febrary)

4 | Temparature = 11,555 » 0,646(Year)
R'= 045 P = 0.0234

T 1088 1998 2000 2007 2004

1084 1996 1998 2030 00 004

A Decade of Monitoring on Pool 26 of the Upper Mississippi River 333

Figure 5. Yearly means in
temperature in major habitat
areas of Pool 26 (SRS data
only). Error bars repre-

sent +/- one standard error.
Sampling was not conducted
in 2003. Sample sizes can
be found in Appendix B,
and statistical results of
regressions can be found in
Appendix C.

Figure 6. Yearly means in
temperature in the main
channel of Pool 26 (fixed
data only) by season. Er-
ror bars represent +/- one
standard error. Sampling
was not conducted in 2003.
Sample sizes can be found in
Appendix B, and statistical
results of regressions can be
found in Appendix C.
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in average water temperature could have
marked effects on the flora and fauna found in
the reach, including changes in reproductive
patterns (Tucker et al. 2008), northward expan-
sions of southern species into Pool 26, and
local extirpation of species that prefer cooler
temperatures.

Like temperature, dissolved oxygen is a ma-
jor determinant of habitat suitability for many
aquatic species. Because LTRMP procedures
emphasize midday sampling, LTRMP tempera-
ture and dissolved oxygen (DO) data are closer
to a daily maximum rather than daily average
values. As expected, both temperature and dis-
solved oxygen exhibit extreme seasonality in
Pool 26. Oxygen’s solubility in water decreas-
es with increasing water temperature and DO
concentration is dependent upon exchange with
the atmosphere, photosynthesis, respiration,
and various chemical reactions (Wetzel 1983,
Soballe et al 2000). During winter months
(November—March), mean monthly dissolved
oxygen levels in all habitat areas of Pool 26 are
near or above saturation levels (above 10 mg/L;
Fig. 7A). Low levels of DO coincide with high
temperatures in summer months. Dissolved
oxygen concentrations in summer months usu-
ally do not fall below 5 mg/L in the main chan-
nel, side channel, backwater contiguous, and
impounded areas; the level considered by the
EPA to be impaired for most aquatic organisms.
Across all samples, we found a strong nega-
tive relationship between DO and temperature
in Pool 26 (Fig. 7B). Main channel dissolved
oxygen levels are above 5 mg/L >95% of the
time, and above 10 mg/L 50% of the time (Fig.
70C).

Dissolved oxygen concentrations and ex-
tremes in temperature can be important in
shallow areas and/or areas with low flow, where
high water temperature, ice cover, or rapid
respiration can result in DO levels below 5
mg/L (Soballe et al 2000). Anoxic conditions
(< 1 mg/L) have not been detected by LTRMP
sampling at any site in Pool 26. We detected
no significant changes in the dissolved oxy-
gen concentration in the reach over the last 10
years (Fig. 8; Appendix C). Dissolved Oxygen

Vol. 39 Art.6

concentration was fairly consistent among
years in the main and side channels, whereas
backwaters and impounded areas showed more
variation year to year.

pH and Conductivity: Water throughout

the UMRS is generally a hard to very hard
calcium-magnesium bicarbonate system with
pH ranges from circumneutral to alkaline
(Patrick 1998). Natural waters generally have
pH values in the range of 4-9; the UMRS
generally exhibits pH values above 6.5, usually
between 6.5 and 8.5 (Soballe et al. 2000; Fig.
9B). Throughout Pool 26, mean pH drops very
slightly in spring and early summer, likely as a
result of precipitation patterns, and then exhib-
its a small rise between June and August (Fig.
9A). In Pool 26, all pH readings in the main
channel were between 6 and 10 (Fig. 9B), and
50% were >8. pH readings were very consis-
tent among years in all habitats, and we found
no significant trends over the study period (Fig.
10).

Conductivity (the ability of water to conduct
an electric current) is strongly proportional to
the concentrations of major ions dissolved in
the water (Wetzel 1983). The UMRS gener-
ally exhibits high conductivities (Patrick 1998).
Conductivity is known to affect the efficiency
of electrofishing (Hill and Willis 1994), and
is measured by the LTRMP fish component to
determine the amount of power used to electro-
fish efficiently. The Illinois River has a mean
summer main channel conductivity of 640 xS/
cm, compared to a Pool 26 main channel sum-
mer mean of 469 uS/cm. The Illinois River
increases the conductivity of Pool 26 below
its confluence with the Mississippi (Bierman
2005). Conductivity readings in main chan-
nel, backwater contiguous, and impounded
areas drop in winter and fall, and appear to do
so in side channels as well, though there are
not enough data to state this conclusively (Fig.
11A). Ninety percent of observed main channel
conductivity readings were between 200 and
600 mS/cm (Fig. 11B). Yearly conductivity
averages showed no significant trends over the
study period (Fig. 12).

(continued on page 339)
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Figure 7. Dissolved oxygen data for
Pool 26. A) Seasonal patterns: means
in dissolved oxygen (mg/L) in major
habitat areas of Pool 26 (1993-2004).
Monthly means (¢) are from fixed site
sampling. Stratified random sampling
(SRS) points (O) are plotted quar-
terly between the two months that the
two-week SRS episode spans. Error
bars represent +/- one standard error.
Sample sizes can be found in Ap-
pendix A. *note that side channels are
not sampled in the fixed site sampling
regime. B) Relationship between dis-
solved oxygen and water temperature
in the main channel of Pool 26, UMRS
(SRS data only). C) Cumulative per-
centages of surface dissolved oxygen
readings in the main channel of Pool
26 (SRS data only).

Figure 8. Yearly means in dissolved
oxygen in major habitat areas of Pool 26
(SRS data only). Error bars represent
+/- one standard error. Sampling was
not conducted in 2003. Sample sizes can
be found in Appendix B and statistical
results of regressions can be found in
Appendix C.
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A Figure 9. Hydrogen ion concentration (pH)
Msin Channel Side Channel data for Pool 26. A) Seasonal patterns:
1 means in pH (pH units) in major habitat
areas of Pool 26 (1993-2004). Monthly
a4 4 means (*) are from fixed site sampling.
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Figure 11. Water conductivity data for
Pool 26. A) Seasonal patterns: means
in conductivity (#S/cm) in major
habitat areas of Pool 26 (1993-2004).
Monthly means () are from fixed site
sampling. Stratified random sampling
(SRS) points (O0) are plotted quar-
terly between the two months that the
two-week SRS episode spans. Error
bars represent +/- one standard error.
Sample sizes can be found in Ap-
pendix A. *note that side channels are
not sampled in the fixed site sampling
regime. B) Cumulative percentages of
surface conductivity readings in the
main channel of Pool 26 (SRS data
only).

Figure 12. Yearly means in conductiv-
ity in major habitat areas of Pool 26
(SRS data only). Error bars represent
+/- one standard error. Sampling was
not conducted in 2003. Sample sizes
can be found in Appendix B and statis-
tical results of regressions can be found
in Appendix C.
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Figure 13. Chlorophyll-a data for
Pool 26. A) Seasonal patterns:
means in chlorophyll-a (mg/L)

in major habitat areas of Pool 26
(1993-2004). Monthly means (*)
are from fixed site sampling. Strati-
fied random sampling (SRS) points
(O) are plotted quarterly between
the two months that the two-week
SRS episode spans. Error bars rep-
resent +/- one standard error. Sam-
ple sizes can be found in Appendix
A. *note that side channels are not
sampled in the fixed site sampling
regime. B) Cumulative percentages
of surface chlorophyll-a readings in
the main channel of Pool 26 (SRS
data only). C) Relationship between
chlorophyll-a and discharge in the
main channel of Pool 26, UMRS.

Figure 14. Yearly means in
chlorophyll-a in major habitat areas
of Pool 26 (SRS data only). Error
bars represent +/- one standard er-
ror. Sampling was not conducted in
2003. Sample sizes can be found in
Appendix B and statistical results
of regressions can be found in Ap-
pendix C.
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Chlorophyll-a: Phytoplankton is a major food
source of many organisms in the river, includ-
ing mussels, invertebrates, and some fish (So-
balle et al. 2000). Chlorophyll-a (Chl-a) levels
can be used as an indicator of phytoplankton
biomass in water. Peaks in Chl-a levels occur
in early spring and late summer in the main
channel and contiguous backwater lakes (Fig.
13A). Impounded areas do not show an early
spring peak in Chl-a, but do show a significant
peak during the summer (Fig. 13A). Backwater
areas in Pool 26 are highly productive, exhibit-
ing a great deal of seasonal variation in Chl-a
(Fig. 13A). Main channel Chl-a levels were at
or below 40 pg/L ~80% of the time (Fig. 13B).
We found no significant relationship between
Chl-a and discharge in the main channel (Fig.
13C) and we did not detect any significant
trends in Chl-a levels in the reach over the
study period (Fig. 14; Appendix C).

Secchi, Turbidity, and Suspended Solids:
Large rivers such as the Mississippi are almost
always turbid, with clouds of sediment that

are continually resuspended by strong currents
resulting in low transparencies and Secchi
depths (Horne and Goldman 1994). Secchi
depth is an established and convenient way to
measure water clarity, correlating reasonably
well with turbidity, suspended solids, visual
light extinction, and light availability for plant
growth (Cole 1979, Soballe et al 2000). Secchi
depth is often measured in meters, especially in
highly oligotrophic lakes where Secchi depths
can be as high as 30 m; however, in large rivers
like the Mississippi, Secchi depth is most often
measured in centimeters because of high sedi-
ment loads (Horne and Goldman 1994). Secchi
depths in Pool 26 generally range from 20-70
cm (Figs. 15A and 15B) with around 50% of
the Secchi depths in the main channel at or be-
low 50 cm (Fig. 15B). Secchi depths are deep-
est in the winter, and the shallowest in spring
(Fig. 15A), coinciding with the spring flood
and the influx of sediment and debris into rivers
and backwaters. As with many water quality
parameters measured by the LTRMP, Secchi
depth in the main channel was correlated with
discharge; lower discharge generally results in
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greater Secchi depths while higher discharge
results in smaller Secchi depth readings (Fig.
15C). Mean annual secchi depth varied greatly
among years in the main channel, side chan-
nels, and impounded areas (Fig. 16). They
were lower and more consistent in contiguous
backwaters. We found no significant trends in
yearly Secchi depth averages over the study
period (Fig. 16; Appendix C).

In Pool 26, Secchi depth readings in the
main channel were negatively correlated with
turbidity and suspended solids levels (Figs.
17A and 17B, respectively. Low Secchi depth
and high levels of suspended solids often limit
photosynthesis in the main channel (Horne and
Goldman 1994). There is not a significant cor-
relation between Secchi depth and Chl-a levels
in the main channel of Pool 26 (Fig. 17C). In
the main channel, turbidity correlated directly
with suspended solids in Pool 26 (Fig. 17D).
Similar to findings in other freshwater ecosys-
tems (Wetzel 1983), our data suggest that both
Secchi depth and turbidity are accurate predic-
tors of total suspended solids.

Turbidity in the UMRS varies both longi-
tudinally and among habitats, with sediment
concentrations increasing downstream due
to inputs from tributaries in lowa and Illinois
(Patrick 1998). Average river turbidities in
the main and side channels of Pool 26 range
from 30-120 NTU, with highest turbidities
seen during spring flooding (March—June;

Fig. 18A). Backwater contiguous areas show
higher variability in winter and early spring
(January—March), with particularly high vari-
ability in January (Fig. 18A). The Mississippi
is considered a highly turbid river and only
~30% of main channel turbidity readings dur-
ing our study period were below 20 NTU (Fig.
18B). Lower river turbidities are seen during
winter months, a result of lower flows and ice
cover (Patrick 1998). Discharge generally
correlated with turbidity (Fig. 18C), and main
channel turbidities tend to drop off in June after
spring flooding generally subsides (Fig. 18A).
Turbidity levels vary greatly from year to year
throughout the reach, most noticeably in main
and side channel areas (Fig. 19). We found no
significant trends in turbidity over the study
period in any habitat area (Appendix C).

(continued on page 342)
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Figure 15. Secchi depth data for
Pool 26. A) Seasonal patterns:
means in Secchi depth (cm) in
major habitat areas of Pool 26
(1993-2004). Monthly means

() are from fixed site sampling.
Stratified random sampling (SRS)
points (0O) are plotted quarterly
between the two months that the
two-week SRS episode spans. Er-
ror bars represent +/- one standard
error. Sample sizes can be found in
Appendix A. *note that side chan-
nels are not sampled in the fixed
site sampling regime. B) Cumula-
tive percentages of surface Secchi
depth readings in the main channel
of Pool 26 (SRS data only). C)
Relationship between Secchi depth
and discharge in the main channel
of Pool 26, UMRS.

Figure 16. Yearly means in Secchi
depth in major habitat areas of Pool
26 (SRS data only). Error bars
represent +/- one standard error.
Sampling was not conducted in
2003. Sample sizes can be found in
Appendix B and statistical results
of regressions can be found in Ap-
pendix C.
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Figure 17. The relationship between
Secchi depth with A) turbidity, B)
suspended solids, and C) chloro-
phyll-a in the main channel of Pool
26, UMRS. D) The relationship
between turbidity and suspended
solids in the main channel of Pool
26, UMRS.

Figure 18. Turbidity data for Pool
26. A) Seasonal patterns: means

in turbidity (NTU) in major habitat
areas of Pool 26 (1993-2004).
Monthly means (¢) are from fixed
site sampling. Stratified random
sampling (SRS) points (O) are
plotted quarterly between the two
months that the two-week SRS
episode spans. Error bars represent
+/- one standard error. Sample sizes
can be found in Appendix A. *note
that side channels are not sampled in
the fixed site sampling regime. B)
Cumulative percentages of surface
turbidity depth readings in the main
channel of Pool 26 (SRS data only).
C) Relationship between turbidity
and discharge in the main channel of
Pool 26, UMRS.
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As in most large rivers, sediment dynam-
ics are a central feature in the structure and
functioning of the UMRS: suspended sediment
is the main determinant of turbidity in the
system (Soballe et al. 2000). Sedimentation is
the principal cause of degradation and loss of
backwater habitat in the UMRS (Nielsen et al.
1984). Sediment yields in the southern part of
the UMRS are approximately 200-500 times
greater than in the northern areas (Nielsen et al.
1984). This increase is due to changes in land
use, topography, runoff and soils. For example,
the proportion of the watershed in cultivation
increases by 30%—40% from the far northern
reaches of the river to the south, and runoft-
per-unit-area increases accordingly (Nielsen
et al. 1984). High levels of suspended solids,
like those found in the main channel in Pool
26, increase the cost of treatment for municipal
and industrial water supply uses, and are also
aesthetically undesirable, affecting recreation
and tourism (Soballe et al. 2000).

Suspended solids levels in the main chan-
nel are highest during the spring flood period
(March—June), when they are as much as
three times higher than during the rest of the
year (Fig. 20A). Similarly, suspended sol-
ids levels in side channels, backwaters, and
impounded areas are also higher in the spring,
and there is often a small increase in the fall
(September—October), likely corresponding
with runoff from fall rainstorms. Impounded
areas with low flow have markedly lower levels
of suspended solids, particularly during the
spring flood period. During the spring flood
and sometimes in the fall as well, contiguous
backwater areas receive input from the main
channel and show elevated levels of suspended
solids. Around 60% of suspended solids
observations in Pool 26 were below 100 mg/L
(Fig. 20B). As with turbidity, suspended solids
levels are related to discharge (Fig. 20C), with
high discharge correlating to high levels of
suspended solids. Suspended solid levels show
high variation from year to year (Fig. 21), par-
ticularly in the main and side channel areas of
the reach. As with turbidity and Secchi depth,
we did not find a significant trend in suspended
solids levels over the study period (Fig. 21;
Appendix C).
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Nitrogen and Phosphorous: The UMRS

is highly eutrophic, and concentrations of
nitrogen, phosphorous, and silica are gener-
ally not limiting to primary production (Patrick
1998). Total nitrogen levels in the reach were
between 2-5 mg/L. ~80% of the time (Fig.
22B). Total nitrogen (both particulate and dis-
solved) concentrations are generally highest in
the main channel of the river during the spring
flood period, which is expected as soluble plant
nutrients are present at high levels in flood
waters (Horne and Goldman 1994), and this
pattern holds true for other habitat types as well
(Fig. 22A). Total nitrogen levels drop in late
summer, are lowest in fall (Fig. 22A), and vary
little from year to year throughout the reach

(~1 mg/L yearly differences in all habitat types;
Fig. 23). Total nitrogen levels were significant-
ly correlated with discharge (Fig. 22C), though
this relationship explained only 30% of varia-
tion. We found no significant trends in total
nitrogen levels over the study period within the
reach (Fig. 23; Appendix C).

The LTRMP also measures nitrate plus nitrite
concentrations (referred to as nitrate-nitrite).
Nitrate is the most common form of nitrogen
and is the form most used by phytoplankton
during the spring bloom (Horne and Goldman
1994). As with total nitrogen, nitrate-nitrite
concentrations in most habitats drop in late
summer and are lowest in fall (Fig. 24A).
Nitrate-nitrite levels are significantly correlated
with discharge (Fig. 24C); however, this rela-
tionship explained only 24% of variation, thus
discharge does not appear to be driving force
in total nitrogen levels in the reach. Nitrate-ni-
trate nitrogen levels vary around 1.5-2.0 mg/L
from year to year in the reach, and as with total
nitrogen, we found no significant trends in
nitrate-nitrate over the study period (Fig. 25;
Appendix C).

The LTRMP measures both total phospho-
rous and soluble reactive phosphorous. Total
phosphorous levels varied little in the main
channel and backwaters of Pool 26, with a
slight increase in spring to early summer and
a decrease in total phosphorous over winter
months (November—January; Fig. 26A). Total
phosphorous levels in the main channel range
from 0.1-0.4 mg/L over 90% of the time (Fig.

(continued on page 348)
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Figure 19. Yearly means in turbid-
ity in major habitat areas of Pool 26
(SRS data only). Error bars represent
+/- one standard error. Sampling

was not conducted in 2003. Sample
sizes can be found in Appendix B and
statistical results of regressions can
be found in Appendix C.

Figure 20. Suspended solids data
for Pool 26. A) Seasonal patterns:
means in suspended solids (mg/L)
in major habitat areas of Pool 26
(1993-2004). Monthly means ()
are from fixed site sampling. Strati-
fied random sampling (SRS) points
(O) are plotted quarterly between
the two months that the two-week
SRS episode spans. Error bars
represent +/- one standard error.
Sample sizes can be found in Ap-
pendix A. *note that side channels
are not sampled in the fixed site
sampling regime. B) Cumulative
percentages of surface suspended
solids depth readings in the main
channel of Pool 26 (SRS data only).
C) Relationship between suspended
solids and discharge in the main
channel of Pool 26, UMRS.
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Figure 21. Yearly means in sus-
pended solids in major habitat areas
of Pool 26 (SRS data only). Error
bars represent +/- one standard er-
ror. Sampling was not conducted in
2003. Sample sizes can be found in
Appendix B and statistical results
of regressions can be found in Ap-
pendix C.

Figure 22. Total nitrogen data for
Pool 26. A) Seasonal patterns:
means in total nitrogen (mg/L)

in major habitat areas of Pool 26
(1993-2004). Monthly means ()
are from fixed site sampling. Strati-
fied random sampling (SRS) points
(o) are plotted quarterly between
the two months that the two-week
SRS episode spans. Error bars rep-
resent +/- one standard error. Sam-
ple sizes can be found in Appendix
A. *note that side channels are not
sampled in the fixed site sampling
regime. B) Cumulative percentages
of surface total nitrogen readings in
the main channel of Pool 26 (SRS
data only). C) Relationship between
total nitrogen and discharge in the
main channel of Pool 26, UMRS.
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Figure 25. Yearly means in nitrate-
nitrite nitrogen in major habitat
areas of Pool 26 (SRS data only).
Error bars represent +/- one standard
error. Sampling was not conducted
in 2003. Sample sizes can be found
in Appendix B and statistical results
of regressions can be found in Ap-
pendix C.

Figure 26. Total phosphorus data
for Pool 26. A) Seasonal patterns:
means in total phosphorous (mg/L)
in major habitat areas of Pool 26
(1993-2004). Monthly means (*)
are from fixed site sampling. Strati-
fied random sampling (SRS) points
(O) are plotted quarterly between
the two months that the two-week
SRS episode spans. Error bars rep-
resent +/- one standard error. Sam-
ple sizes can be found in Appendix
A. *note that side channels are not
sampled in the fixed site sampling
regime. B) Cumulative percent-
ages of surface total phosphorous
readings in the main channel of Pool
26 (SRS data only). C) Relation-
ship between total phosphorous and
discharge in the main channel of
Pool 26, UMRS.
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Figure 27. Yearly means in total
phosphorous in major habitat areas
of Pool 26 (SRS data only). Error
bars represent +/- one standard
error. Sampling was not conducted
in 2003. Sample sizes can be found
in Appendix B and statistical
results of regressions can be found
in Appendix C.

Figure 28. Soluble reactive
phosphorus data for Pool 26.

A) Seasonal patterns: means in
soluble reactive phosphorous
(mg/L) in major habitat areas of
Pool 26 (1993-2004). Monthly
means (*) are from fixed site
sampling. Stratified random sam-
pling (SRS) points (O) are plotted
quarterly between the two months
that the two-week SRS episode
spans. Error bars represent +/- one
standard error. Sample sizes can
be found in Appendix A. *note that
side channels are not sampled in
the fixed site sampling regime. B)
Cumulative percentages of surface
soluble reactive phosphorous read-
ings in the main channel of Pool 26
(SRS data only). C) Relationship
between soluble reactive phos-
phorous and discharge in the main
channel of Pool 26, UMRS.
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26B). Total phosphorous levels are significant-
ly correlated with discharge in the main channel
(Fig. 26C), but this relationship explains only
21% of the variation and does not appear to
be a major factor in phosphorous levels in the
main channel. Total phosphorous levels fluctu-
ate between years in backwater areas (Fig. 27),
but total phosphorous levels do not vary greatly
from year to year in main and side channel
areas of the reach (Fig. 27; Appendix C).
Soluble reactive phosphorous (SRP) (also re-
ferred to as orthophosphate) measures chemical
forms that are generally suitable for immediate
uptake by bacteria, algae, and aquatic macro-
phytes (Soballe et al. 2000). Soluble reactive
phosphorous in Pool 26 appears to be quite
variable in June and July in main channel and
backwater contiguous habitats (Fig. 28A). It
is unknown whether this is true of side chan-
nels as well, as side channels are not sampled
monthly and the June—July variation falls
between SRS events. This variation does not
occur in impounded areas. With the exception
of June and July, SRP does not vary greatly in
the reach, and >95% of SRP readings in the
main channel are between 0 and 0.10 mg/L
(Fig. 28B). As with total phosphorous, SRP is
significantly correlated with discharge but the
relationship is extremely weak (R>=0.05; Fig.
28C). Soluble reactive phosphorous lev-

els vary little from year to year, (with the 025
exception of backwater contiguous areas, .,
particularly in 1997 (Fig. 29), and we

found no significant trends in SRP levels o
in any habitat (Appendix C). 018

Conclusions
LR
Our description of the water quality of
Pool 26 is not exhaustive, but merely the
first step to more detailed investigations.
Some areas of future research include,
but are not limited to, investigations into
the cause of both monthly and yearly
variations in a number of parameters,
investigations into the effect of discharge
on water quality parameters, time-series
trend analysis, which may pick up more
subtle trends, and the effects of selected
water quality parameters on each other
and on the flora and fauna of the reach.
A detailed look into tributary influences

025
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Figure 29. Yearly means in soluble reactive phosphorous in
major habitat areas of Pool 26 (SRS data only). Error bars
represent +/- one standard error. Sampling was not conducted
in 2003. Sample sizes can be found in Appendix B and statis-
tical results of regressions can be found in Appendix C.
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on water quality parameters, particularly the
Illinois River, is also an area we believe would
be conducive to our better understanding of the
pool. Additionally, multivariate analyses of
suites of water quality parameters could help
determine interactions among parameters and
help to explain some of the trends seen in our
basic analyses.

Pool 26 is a very productive and turbid reach
of the Mississippi River. Chorophyll-a, total
phosphorous, and total nitrogen concentrations
are usually at levels associated with eutrophic
to highly eutrophic lakes. Secchi depth usually
is less than 50 cm, and turbidity and total sus-
pended solid levels are generally high. River
discharge was strongly correlated with Secchi,
turbidity, and total suspended solids, but was
only weakly associated with nutrient concentra-
tions. The most obvious trend detected by our
water quality sampling is the increase in water
temperature in the main channel of the reach
over the study period, particularly during the
spring and fall. Whether this is a short-term
fluctuation in average temperatures or part of
a long-term trend is unknown at this point, but
certainly continued monitoring is necessary to
learn more about this trend and what possible
effects it could have on the reach.

Main Channel Side Channel
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Chapter 2: Population Trends for Selected Fishes in Pool 26 of the
Upper Mississippi River

Eric N. Ratcliff, Benjamin J. Lubinski, Eric J. Gittinger, and J.H. Chick

Abstract: We examined fish population trends in Pool 26 of the Upper Mississippi River from
three functional groups: game species, nongame species, and invasive species. Gizzard shad,
emerald shiner, common carp, channel shiner, channel catfish, freshwater drum, and bluegill, were
numerically the most commonly collected species, accounting for 75% of our total catch. For all
gears and strata (including those that were discontinued), a total of 284,515 fish were collected
between 1994 and 2003, including 87 species representing 20 families (Table 1). The Cyprinids
were the best represented family in Pool 26, with 27 species collected. Fish monitoring data from
the Long Term Resource Monitoring Program (LTRMP) revealed significant population trends in
several species, most notably blue catfish, common carp, and young-of-year (YOY) size classes of
largemouth bass and white crappie. Blue catfish catch-per-unit effort (CPUE) has increased dra-
matically beginning in 2000, possibly related to the increase in water temperature observed by the
water quality component. Common carp decreased throughout the time series, which appears to
be a systemic trend (i.e., across all LTRMP reaches). LTRMP data were also useful for detecting
the spread of exotic species into Pool 26, such as the population explosion of bighead and silver
carp during the study period. These data also provide evidence that several species, including
largemouth bass, black crappie, white bass, and common carp produced strong year classes during
the flood of 1993.
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Table 1. Total catch, percentage of total catch, and cumulative percentage of total catch, for each species, in
Pool 26 of the Mississippi River (all gears and strata included), for the Long Term Resource Monitoring Pro-
gram, 1994-2003. Table includes fish identified to family level, unidentified fish, and hybrids. Nomenclature
follows Robins et al. (1991).

Total Percentage Cumulative
Catch by of Total Percentage of
Fish Species Species Catch Total Catch
Gizzard shad (Dorosoma cepedianum) 108123 38.0 38.0
Emerald shiner (Notropis atherinoides) 35906 12.6 50.6
Common carp (Cyprinus carpio) 18569 6.5 571
Channel shiner (Notropis wickliffi) 16753 59 63.0
Channel catfish (Ictalurus punctatus) 12195 43 67.3
Freshwater drum (Aplodinotus grunniens) 12069 42 71.6
Bluegill (Lepomis macrochirus) 9232 32 74.8
Western mosquitofish (Gambusia affinis) 8528 3.0 77.8
White bass (Morone chrysops) 7902 2.8 80.6
River shiner (Notropis blennius) 7294 2.6 83.1
Smallmouth buffalo (Ictiobus bubalus) 6192 2.2 853
Spotfin shiner (Cyprinella spiloptera) 5663 20 87.3
Orangespotted sunfish (Lepomis humilis) 4423 1.6 88.9
Black crappie (Pomoxis nigromaculatus) 3866 14 90.2
Shortnose gar (Lepisosteus platostomus) 3592 13 91.5
Bullhead minnow (Pimephales vigilax) 3227 1.1 92.6
Unidentified catostomidae (sucker) 2797 1.0 93.6
River carpsucker (Carpiodes carpio) 1656 0.6 942
Blue catfish (Ictalurus furcatus) 1554 0.5 94.7
Largemouth bass (Micropterus salmoides) 1068 04 95.1
White crappie (Pomoxis annularis) 1004 04 95.5
Silverband shiner (Notropis shumardi) 997 04 95.8
Flathead catfish (Pylodictis olivaris) 868 03 96.1
Unidentified clupeidae (shad) 836 03 96.4
Green sunfish (Lepomis cyanellus) 793 03 96.7
Skipjack herring (Alosa chrysochloris) 783 03 970
Unidentified cyprinidae (minnow) 691 0.2 972
Sauger (Sander canadensis) 667 0.2 974
Mississippi silvery minnow (Hybognathus nuchalis) 638 0.2 97.7
Bigmouth buffalo (Ictiobus cyprinellus) 597 0.2 97.9
Unidentified centrarchidae (sunfish) 491 02 98.1
Red shiner (Cyprinella lutrensis) 482 02 98.2
Threadfin shad (Dorosoma petenense) 475 0.2 98.4
Silver chub (Macrhybopsis storeriana) 456 0.2 98.5
Black buffalo (Ictiobus niger) 386 0.1 98.7
Bighead carp (Hypopthalmichthys nobilis) 373 0.1 98.8
Goldeye (Hiodon alosoides) 293 0.1 98.9
Shovelnose sturgeon (Scaphirhynchus platorynchus) 261 <0.1 99.0
Brook silverside (Labidesthes sicculus) 254 <0.1 99.1
Mooneye (Hiodon tergisus) 243 <0.1 99.2
Shorthead redhorse (Moxostoma macrolepidotum) 214 <0.1 99.3
Speckled chub (Macrhybopsis aestivalis) 211 <0.1 99.3
Warmouth (Lepomis gulosus) 191 <0.1 994
Sand shiner (Notropis stramineus) 157 <0.1 99.5
Grass carp (Ctenopharyngodon idella) 151 <0.1 99.5
Unidentified 139 <0.1 99.6

Bowfin (Amia calva) 119 <0.1 99.6
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Table 1 (continued) Total Percentage Cumulative
Catch by of Total Percentage of

Fish Species Species Catch Total Catch
Spotted gar (Lepisosteus oculatus) 113 <0.1 99.6
Yellow bass (Morone mississippiensis) 92 <0.1 99.7
Black bullhead (Ameiurus melas) 88 <0.1 99.7
River darter (Percina shumardi) 82 <0.1 99.7
Longnose gar (Lepisosteus osseus) 78 <0.1 99.8
Logperch (Percina caprodes) 62 <0.1 99.8
Green sunfish x bluegill (Lepomis cyanellus x macrochirus) 56 <0.1 99.8
Bluntnose minnow (Pimephales notatus) 51 <0.1 99.8
Golden shiner (Notemigonus crysoleucas) 46 <0.1 99.8
Spottail shiner (Notropis hudsonius) 42 <0.1 99.9
Quillback (Carpiodes cyprinus) 41 <0.1 99.9
Silver carp (Hypopthalmichthys molitrix) 41 <0.1 99.9
Walleye (Sander vitreus) 39 <0.1 999
Yellow bullhead (Ameiurus natalis) 32 <0.1 >99.9
Brown bullhead (Ameiurus nebulosus) 20 <0.1 >99.9
Suckermouth minnow (Phenacobius mirabilis) 19 <0.1 >99.9
Paddlefish (Polyodon spathula) 18 <0.1 >99.9
Golden redhorse (Moxostoma erythrurum) 17 <0.1 >99.9
Slenderhead darter (Percina phoxocephala) 17 <0.1 >99.9
Common carp x goldfish (Cyprinus carpio x auratus) 14 <0.1 >99.9
Central stoneroller (Campostoma anomalum) 14 <0.1 >99.9
Goldfish (Carassius auratus) 12 <0.1 >99.9
Mud darter (Etheostoma asprigene) 12 <0.1 >99.9
Smallmouth bass (Micropterus dolomieu) 11 <0.1 >99.9
Blue sucker (Cycleptus elongatus) 10 <0.1 >99.9
Unidentified larval fish 10 <0.1 >99.9
Blackstripe topminnow (Fundulus notatus) 9 <0.1 >99.9

<0.1 >99.9
<0.1 >99.9
<0.1 >99.9
<0.1 >99.9
<0.1 >99.9
<0.1 >99.9
<0.1 >99.9
<0.1 >99.9
<0.1 >99.9

Lake sturgeon (Acipenser fulvescens) 9
American eel (Anguilla rostrata) 8
Bigmouth shiner (Notropis dorsalis) 8
Bigeye shiner (Notropis boops) 6
Freckled madtom (Noturus nocturnus) 6
Western sand darter (Ammocrypta clara) 6
Redear sunfish (Lepomis microlophus) 5
Unidentified percidae (perch) 5
Unidentified young-of-the-year fish 5
Striped bass x white bass (Morone saxatilis x chrysops) 4 <0.1 >99.9
Creek chub (Semotilus atromaculatus) 3 <0.1 >99.9
Chestnut lamprey (Ichthyomyzon castaneus) 3 <0.1 >99.9
Fathead minnow (Pimephales promelas) 3 <0.1 >99.9
Stonecat (Noturus flavus) 3 <0.1 >99.9
Tadpole madtom (Noturus gyrinus) 3 <0.1 >99.9
Grass pickerel (Esox americanus) 2 <0.1 >99.9
Northern pike (Esox lucius) 2 <0.1 >99.9
Silver lamprey (Ichthyomyzon unicuspis) 2 <0.1 >99.9
Bluegill x longear sunfish (Lepomis macrochirus x megalotis) 1 <0.1 >99.9
Ghost shiner (Notropis buchanani) 1 <0.1 >99.9
Pirate perch (Aphredoderus sayanus) 1 <0.1 >99.9
Spotted sucker (Minytrema melanops) 1 <0.1 >99.9
Striped shiner (Luxilus chrysocephalus) 1 <0.1 >99.9
White perch (Morone americana) 1 <0.1 >99.9
Yellow perch (Perca flavescens) 1 <0.1 100.0
Total: 284515
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Introduction

Long-term monitoring of fish populations in
large rivers is important so that adverse trends
can be detected before they lead to negative
impacts on recreation, the local economy, or
the ecosystem. Because fish are a primary
biological resource targeted by recreational

and commercial users of the Upper Mississippi
River System (UMRS), it is worthwhile from
an economic standpoint to monitor fish in the
UMRS. A study of the economic importance of
recreation in the UMRS estimated that over 12
million daily visits by recreationists took place
during 1986, generating over $1.2 billion (in
1990 dollars) in revenue (USACE 1994). Fish-
ing was one of the top three most popular recre-
ational activities in this study. In the portion of
the Mississippi River bordered by Illinois and
Missouri, commercial fishers harvested over
1.8 million kg of fish and caviar in 2003, worth
over $1 million (Maher 2005; R.J. Maher, II-
linois Department of Natural Resources, pers.
comm.; V.H. Travnichek, Missouri Department
of Conservation, pers. comm.).

Fishes play a critical role in aquatic food
webs and may have effects on other biota
and water quality. For example, the feeding
and spawning behaviors of common carp can
cause several water quality problems including
increased nutrient recycling, turbidity, and re-
duced macrophyte growth (Berstein and Olson
2001, Laird and Page 1996). Foraging by pi-
scivorous fishes can lead to indirect interactions
that cascade through the aquatic food web (Car-
penter and Kitchell 1996). Fish communities
are important indicators of ecological health in
large-river ecosystems because of their diver-
sity and response to environmental variation
at multiple scales (Gammon and Simon 2000,
Schiemer 2000, Schmutz et al. 2000).

Pool 26 supports important commercial and
recreational fisheries, as well as a diverse fish
community. Over 100 fish species, includ-
ing the federally endangered pallid sturgeon
(Scaphirynchus albus), the Missouri and Illi-
nois-listed endangered lake sturgeon (Acipenser
fulvescens), and Illinois-listed endangered spe-
cies such as western sand darter (Ammocrypta
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clara) and bigeye shiner (Notropis boops) have
been reported from Pool 26 (Pitlo et al. 1995,
Bartels et al. 2004a, Bartels et al. 2004b, Ickes
et al. 2005a). However, habitat alterations,
navigation impacts, and invasive species may
also be negatively impacting the important fish-
eries and the fish community of Pool 26.

Fishes use contiguous backwaters as habitats
for spawning, feeding, nurseries, and over-
wintering. However, these areas have become
less accessible in the UMRS because of exces-
sive sedimentation, isolation by levees, and
alteration of the flood regime (Holland 1986,
Sheaffer and Nickum 1986, Sparks 1992). As
a consequence of dam operating procedures
in Pool 26, the lower end of the pool has an
inverted flood regime: backwaters become
very shallow or dry up during moderate spring
floods (the time when many fish species use
them for spawning), and become deeper dur-
ing summer as water is held back to maintain
depths adequate for navigation (Sparks et al.
1998). Some Habitat Rehabilitation and En-
hancement Projects (HREP’s) on Pool 26 have
addressed sedimentation problems with levees
to keep sediment laden water out of backwaters
(Sparks 1995). These and other managed areas
often sequester floodplain habitat behind le-
vees, restricting the lateral movements of fishes
between the main channel and these managed
backwaters (Ickes et al. 2005b).

Invasive fish species have become an im-
portant issue in Pool 26, and both the number
of non-native species introductions, as well
as the population size of invasive species, has
continued to increase. Invasive species can
have negative impacts on water quality, aquatic
vegetation, aquatic food webs, recreational and
commercial fishing, and ultimately the econ-
omy (Summerfelt et al. 1970, Lubinski et al.
1986, Laird and Page 1996, Berstein and Olson
2001). When populations of invasive fishes
become very abundant, they can have adverse
effects on native species if their prey resources
overlap. For example, Sampson (2005), found
a strong similarity in the diet of Asian carp
(bighead and silver carp) and native gizzard
shad, and some dietary overlap between Asian
carp and native bigmouth buffalo in Pool 26.
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This chapter presents fish population trends
from 10 years of LTRMP data collected in Pool
26 of the Mississippi River from 1994 to 2003
by the INHS Great Rivers Field Station. We
focus on 19 fish species for which LTRMP data
are sufficient to investigate trends and are of
interest to river managers because of recre-
ational, commercial, or ecological concerns.
The species chosen for analysis were divided
into three categories: game species, nongame
species, and invasive species. We included
bluegill (Lepomis macrochirus), black crap-
pie (Pomoxis nigromaculatus), white crappie
(Pomoxis annularis), largemouth bass (Microp-
terus salmoides), channel catfish (Ictalurus
punctatus), blue catfish (Ictalurus furcatus),
flathead catfish (Pylodictis olivaris), freshwa-
ter drum (Aplodinotus grunniens), white bass
(Morone chrysops), and sauger (Sander ca-
nadensis) in the game species category because
they are commonly targeted by local anglers
and were relatively abundant in our catch.
Several nongame species including gizzard
shad (Dorosoma cepedianum), emerald shiner
(Notropis atherinoides), smallmouth buffalo
(Ictiobus bubalus), shortnose gar (Lepisosteus
platostomus), and orangespotted sunfish (Lepo-
mis humilis) were chosen for analysis because
they were abundant in our catch and could have
important direct and indirect interactions with
other species. We included the four most com-
mon invasive fishes in Pool 26—common carp
(Cyprinus carpio), bighead carp (Hypophthal-
michthys nobilis), silver carp (Hypophthalmich-
thys molitrix), and grass carp (Ctenopharyngo-
don idella)—in our invasive species category.
Commercially harvested species are examined
intensively in Chapter 3. In this chapter we
present total catch of each species collected
during the 10-year study period, and for each
of the 19 focus species we present either mean
catch-per-unit-effort (CPUE) by year, or annual
total catch by all gears. In addition, CPUE or
annual total catch are presented for YOY of
some species.
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Methods

Beginning in 1993, the LTRMP fisheries
component began sampling Pool 26 using a
stratified random sampling design, with several
major aquatic areas chosen as sampling strata
based on their enduring geomorphic features
(Wilcox 1993). Gutreuter et al. 1995, provides
detailed description on the LTRMP sampling
design and methodology, so only basic de-
scriptions will be provided here. Six main
strata types including main channel border,
side channel border, contiguous backwater-
offshore, contiguous backwater-shoreline,
impounded-offshore, and impounded-shoreline
were sampled as part of the stratified random
sampling design, while a seventh strata (tailwa-
ter) was sampled only with a fixed site (Table
2). Annual sampling was conducted during the
three time periods June 15-July 31, August 1—
September 15, and September 16—October 31,
using a multi-gear approach. Because sampling
began on June 15 each year, spring flooding
had usually ended, which helped reduce the
effects of high-water levels and high-water ve-
locities on catch rates. Furthermore, data were
flagged when environmental conditions were
believed likely to affect results, and sampling
was usually postponed when surface velocity
was greater than 1 m/second.

Pulsed-DC electrofishing, fyke nets, mini
fyke nets, bottom trawls, small hoop nets, large
hoop nets, tandem fyke nets, tandem mini fyke
nets, and seines were all used until 2002. After
re-evaluating the effectiveness of the LTRMP
sampling gears, a programmatic decision was
made to drop tandem fyke, tandem mini fyke,
and seine nets from the program (Ickes and

Table 2. Area in hectares (ha) of strata used for
stratified random fish sampling in Pool 26 of the
Mississippi River, for the Long Term Resources
Monitoring Program, 1994-2003.

Sampling strata Area (ha)
Main Channel Border 3308
Side Channel Border 1418
Backwater Contiguous-Offshore 90
Backwater Contiguous-Shoreline 191
Impounded-Offshore 147

Impounded-Shoreline 43
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Burkhardt 2002). The decision to drop these
gears resulted in the elimination of the contigu-
ous backwater-offshore and impounded-off-
shore strata because at that time, tandem fyke
nets and tandem mini fyke nets were the only
gears being fished in these strata.

Each of the LTRMP gears catches a different
assemblage of fish because they are all con-
structed and fished differently (Gutreuter et al.
1995). Mini fyke nets are especially effective
at catching YOY and juvenile fishes. Fyke nets
are effective for sampling certain centrarchids
(black and white crappie, bluegill) and short-
nose gar (Lubinski et al. 2001). Large hoop
nets are effective at sampling channel areas for
benthic fishes such as channel catfish, small-
mouth buffalo, and common carp (Lubinski et
al. 2001), while small hoop nets are effective
for juveniles of these species. Small and large
hoop nets are always fished as a paired set, and
for this study their data were combined into
one sample per site. Of all of the gears used
for LTRMP sampling, electrofishing is the gear
with the highest effectiveness for the most
species and size classes of fish (Lubinski et al.
2001). The LTRMP uses standardized electro-
fishing power settings that account for changes
in temperature and conductivity to deliver a
constant power drop across a fixed length of
fish tissue (Gutreuter et al. 1995).

For all analyses except our total catch sum-
mary (Table 1), we included only data from
gears (electrofishing, fyke nets, mini fyke nets,
small hoop nets, and large hoop nets) and strata
(main channel border, side channel border,
contiguous backwater-shoreline, and impound-
ed-shoreline) that were consistently fished
throughout the 1994 to 2003 study period.
Annual gear allocations were: 72 electrofishing
runs (15 minutes each); 24 fyke net sets (24
hours each), 39 mini fyke net sets (24 hours
each); and 51 paired small and large hoop net
sets (48 hours each). Our total catch summary
(Table 1) includes all LTRMP fish collections
made during the study period, from all strata
and gears, to give the reader an accurate repre-

sentation of our catch during the sample period.

We calculated mean CPUE and standard
error for each species from the gear with either
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the greatest statistical power (Lubinski et al.
2001), or the lowest variance to mean ratio.
Where variance to mean ratios was too great
to produce meaningful CPUE estimates, we
presented total catch by all gears combined to
provide some information on catch variation
among years. All CPUE calculations in this
chapter are annual pool-wide means of catch-
per-unit-effort, weighted by strata, calculated
using the proc surveymeans procedure in ver-
sion 8.02 of SAS for Windows (See Appendix
D). To examine trends in the production of
YOY fishes, we derived a YOY cut-off length
using the Von Bertalanffy Growth Equation
with parameter estimates reported on Fishbase
(www.fishbase.org) to estimate length at Age-1,
and refined this estimate by examining LTRMP
length data (See Appendix D). All fishes less
than the YOY cut-off length were classified

as YOY. To examine the production of YOY
fishes during the 1993 flood, we had to esti-
mate CPUE for Age-1 fishes because standard
LTRMP sampling was not possible during the
flood. Age-1 fishes were defined as all fishes
greater than or equal to the YOY cut-off length
but less than the Age-2 estimate from the Von
Bertalanffy growth. To compare CPUE of
Age-1 fishes among years, we looked for over-
lap among 95% confidence intervals. To test
for trends through time, we conducted linear
regression of annual CPUE values using a log
transformation (log10 CPUE+1) to conform to
the linearity assumption. Regression lines were
only plotted when significant (P<0.05), and we
plotted untransformed CPUE on a log scale for
easier graph interpretation (Figs. 1-12).

Results and Discussion

Total Catch Information

For all gears and strata (including those that
were discontinued), a total of 284,515 fish were
collected between 1994 and 2003, including

87 species representing 20 families (Table 1).
The cyprinids had the most species of any fish
family in Pool 26, with 27 species collected.
Other dominant families were the centrarchids,
ictalurids, and catostomids, each with 9 species
collected. Gizzard shad was the most com-
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monly caught species, comprising 38% of the
total catch. When combined with emerald
shiner (the second most abundant species),

the two comprised approximately 50% of the
total catch. The third most abundant fish was
common carp, followed by channel shiner,
channel catfish, freshwater drum, and bluegill.
These seven species account for 75% of the
total catch, and the top 14 species account for
approximately 90% of the total catch. The total
catch also included four hybrids and a minimal
number of fish identified to the family or higher
taxonomic level.

Game Species
The four centrarchids commonly harvested
by recreational fishers (bluegill, largemouth
bass, white crappie, and black crappie) all had
1-2 major peaks in CPUE during the study
period. Catch-per-unit-effort for both bluegill
and largemouth bass peaked in 1994 and 2001.
Electrofishing CPUE of bluegill peaked near
3.7 fish/15 min in 1994 and 2001, but reached
lows of 0.6 in 1996 and 2.4 in 2003 (Fig. 1A).
Largemouth bass reached 2 fish/15 minutes in
1994 and 2001, but declined to 0.1 in 1998 and
0.6 in 2003 (Fig. 1B). There was no significant
trend in largemouth bass or bluegill CPUE dur-
ing the study period, which is consistent with
data for 1993-2002 from the other LTRMP
study reaches, with the exception of Pool 8
(Ickes et al. 2005a). Young-of-the-year bluegill
CPUE reached its highest level in 2000, and its
lowest level in 2001, but there was no signifi-
cant trend in YOY bluegill CPUE during the
study period (Fig. 2A). Young-of-the-year
largemouth bass CPUE increased significantly
during the study period (F , ,=6.07,R*=0.43,
P <0.039), with CPUE near zero through 1996
then increasing to maximum values (0.34 and
0.42 fish/15 minutes of electrofishing) in 2001
and 2003 (Fig. 2B). Future studies could exam-
ine whether this increase in YOY fish is recruit-
ing into the adult largemouth bass population.
White and black crappie showed similar pat-
terns relative to bluegill and largemouth bass.
White crappie had no overall trend through the
time period, with peak abundance occurring
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in 2001 (4.15 fish/24 hours; Fyke nets; Fig.
3A). Black crappie CPUE by electrofishing
declined significantly (F,, , = 6.75,R*=0.46,

P < 0.032) during this time period, from 0.54
fish/15 minutes electrofishing in 1994, to a low
of 0.02 fish/15 minutes electrofishing in 1998
(Fig. 3B). Catch-Per-Unit-Effort of YOY white
crappie from mini fyke nets increased signifi-
cantly (F, =7.76,R*=0.49, P <0.024) from
19942003, suggesting that reproduction is in-
creasing (Fig. 4A). Indeed, the two years with
the highest CPUE of YOY white crappie (1.10
and 0.67 fish/24 hours) were 2001 and 2003,
while the lowest catches occurred in 1994 and
1997 (<0.02 fish/24 hours). Catch-per-unit-
effort of YOY black crappie from mini fyke
nets peaked in 1995, 1998/1999, and 2002, sug-
gesting that good reproduction occurred every
three to four years (Fig. 4B). Although we saw
a significant population decline in black crappie
of all ages combined, there was no similar sig-
nificant trend in YOY black crappie (Fig. 4B).
It will be interesting to follow population trends
for black crappie in Pool 26 to see if years with
good YOY production result in recruitment to
the adult population.

We observed different dynamics for all three
major catfishes targeted by commercial and
recreational fishers: channel catfish, flathead
catfish, and blue catfish (Figs. 5 and 6). Mean
CPUE peaked in 1999 and 2002 for both YOY
channel catfish (2.38 and 1.65 fish/15 minutes)
and channel catfish of all ages (5.48 and 3.46
fish/15 minutes); however, mean electrofish-
ing CPUE for channel catfish does not show a
strong upward or downward trend, suggesting
that their population has been relatively stable
throughout the study period (Figs. 5A and 5B).
Flathead catfish CPUE generally declined from
1994-1998, and then remained fairly stable
until 2003 (Fig. 5C). Throughout the 1990s we
collected fewer than 20 blue catfish per year
in all gears combined, but beginning in 2000
the total catch rose by an order of magnitude
or more (Fig. 6A). We primarily collect blue
catfish by hoop netting and trawling, and our
blue catfish catch from each of these gears has
been consistently higher since 2000. Hoop
netting CPUE showed a significant increas-

(continued on page 361)
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Figure 1. Catch-per-unit-effort
values (pool wide mean and stan-
dard error) for (A) bluegill, and (B)
largemouth bass, for electrofishing,
from Pool 26 of the Mississippi
River, for the Long Term Resource
Monitoring Program, 1994-2003.
Note that catch-per-unit-effort val-
ues are graphed on a log scale.

Figure 2. Catch-per-unit-effort val-
ues (pool wide mean and standard
error) for (A) young-of-the-year
bluegill, and (B) young-of-the-year
largemouth bass, for electrofishing,
from Pool 26 of the Mississippi
River, for the Long Term Resource
Monitoring Program, 1994-2003.
In B (young-of-the-year largemouth
bass), catch-per-unit-effort was 0
in 1994, 1996, and 2000 but is not
shown because the graph is on a
log scale. Note that catch-per-unit-
effort values are graphed on a log
scale.
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Figure 3. Catch-per-unit-effort
values (pool wide mean and stan-
dard error) for (A) white crappie
(fyke nets), and (B) black crap-
pie (electrofishing), from Pool 26
of the Mississippi River, for the
Long Term Resource Monitoring
Program, 1994-2003. Note that
catch-per-unit-effort values are
graphed on a log scale.

Figure 4. Catch-per-unit-effort val-
ues (pool wide mean and standard
error) for (A) young-of-the-year
white crappie, and (B) young-of-
the-year black crappie, for mini
fyke nets, from Pool 26 of the Mis-
sissippi River, for the Long Term
Resource Monitoring Program,
1994-2003. Note that catch-per-
unit-effort values are graphed on a
log scale.
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ing trend (F,, , =30.02,R*=0.79,P < 0.001),
where catch/48 hours remained close to zero
until 2000-2003 when it ranged from about 1 to
4.5 fish/48 hours (Fig. 6C). There was a similar
increase in total catch of YOY blue catfish (Fig.
6B) suggesting that reproduction was occurring
in Pool 26 and/or in the lower Illinois River.

In addition to the centrarchid and ictalurid
fisheries in Pool 26, recreational fisheries also
exist for sauger, freshwater drum, and white
bass. We caught 667 sauger during the study
period, which was a minor portion (0.23%) of
our total catch (Table 1). Sauger CPUE peaked
in 1994 at 1.49 fish/15 minutes, but was lower
for the remainder of the study period, rang-
ing from 0.01 to 0.59 fish/15 minutes (Fig.
7A). Freshwater drum and white bass were the
6th and 9th most frequently collected species,
respectively, during the study period (Table 1).
There were no significant trends for either spe-
cies during the study period (Figs. 7B and 7C).

Nongame Species

Gizzard shad, orangespotted sunfish, shortnose
gar, emerald shiner, and smallmouth buffalo
are the most common native nongame species
in our catch. Gizzard shad is numerically the
most common fish in our collections, account-
ing for over a third of our total catch (Table

1). Although annual variation in mean CPUE
was great, ranging from approximately 20 to
100 fish/15 minutes of electrofishing, there was
no significant trend in gizzard shad abundance
during the study period (Fig. 8A). Young-of-
the-year gizzard shad mean annual CPUE also
varied greatly (4.1 to 75.0 fish/15 minutes),

but did not show a significant trend (Fig. 8B).
Orangespotted sunfish appear to be fairly stable
aside from a decrease in CPUE in 1995 and a
small peak in 1998 (Fig. 9A). Shortnose gar
from fyke nets showed a significant increase
(F,,,=7.94,R*=0.50, P <0.023) during

the study period, with the three highest catch
rates (4.7-9.3 fish/24 hours) occurring from
2001-2003 (Fig. 9B). Emerald shiner CPUE
increased significantly (F , . = 14.80,R*=0.65,
P < 0.005) from less than 2 fish/15 minutes of
electrofishing in 1994, to over 9 fish/15 minutes
in 2003 (Fig. 9C). It may be wise for future
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studies to examine what might be driving this
increasing trend in emerald shiners because,

in general, emerald shiners are more abundant
in the upper three LTRMP regional trend areas
(RTA), but gizzard shad are more abundant in
the lower three RTA, including Pool 26 (Chick
et al. 2005). Smallmouth buffalo mean CPUE
by electrofishing declined significantly (F,,

o= 11.85, R2=0.60, P < 0.009), from over 3
fish/15 minutes in 1995, to less than 1 fish/15
minutes in 2002 (Fig. 10A). Young-of-the-year
smallmouth buffalo CPUE from electrofishing
generally declined during the first half of the
study period, then reproduction appears to have
become inconsistent, with the three highest and
the three lowest YOY CPUE occurring dur-

ing 1998-2003 (Fig. 10B). Chapter 3 further
explores the dynamics of smallmouth buffalo in
Pool 26 by dividing buffalo into size categories.

Invasive Species

Six of the 87 fish species collected during the
study period were invasive, accounting for
6.7% of the total catch. With the exception

of one white perch (Morone americana), all
19,147 individuals were Cyprinids native to
Asia. Common carp accounted for 6.5% of
the total catch, while bighead carp, grass carp,
silver carp, and goldfish combined accounted
for 0.2% of the total catch (Table 1). Common
carp mean CPUE from electrofishing reached
its lowest level in 2003, while bighead carp,
silver carp, and grass carp total catches all
reached their highest levels in 2003. There
was a significant decline in common carp mean
CPUE (F,,=13.37,R*=0.63,P < 0.006)
throughout the study period, from a high of
over 20 fish/15 minutes of electrofishing dur-
ing 1996-1997, to less than 8 fish/15minutes
in 2003 (Fig. 11A). This decrease in common
carp CPUE was also seen at most of the other
LTRMP study reaches, indicating that there was
a system-wide decline in common carp during
the period (Ickes et al. 2005a). Young-of-the-
year common carp CPUE ranged from 0.08
fish/15 minutes in 2001, to 3.6 fish/15 minutes
in 2003, but there was no significant trend in
YOY common carp abundance over the study
period (Fig. 11B). Since 1991 when bighead

(continued on page 364)
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Figure 7. Catch-per-unit-effort val-
ues (pool wide mean and standard
error) for (A) sauger, (B) freshwater
drum, and (C) white bass, for elec-
trofishing, from Pool 26 of the Mis-
sissippi River, for the Long Term
Resource Monitoring Program,
1994-2003. Note that catch-per-
unit-effort values are graphed on a
log scale.

Figure 8. Catch-per-unit-effort
values (pool wide mean and stan-
dard error) for (A) gizzard shad,
and (B) young-of-the-year gizzard
shad, for electrofishing, from Pool
26 of the Mississippi River, for the
Long Term Resource Monitoring
Program, 1994-2003. Note that
catch-per-unit-effort values are
graphed on a log scale.
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Figure 9. Catch-per-unit-effort val-
ues (pool wide mean and standard
error) for (A) orangespotted sunfish,
for electrofishing, (B) shortnose
gar, for fyke nets, and (C) emerald
shiner for electrofishing, from Pool
26 of the Mississippi River, for the
Long Term Resource Monitoring
Program, 1994-2003. Note that
catch-per-unit-effort values are
graphed on a log scale.

Figure 10. Catch-per-unit-effort
values (pool wide mean and
standard error) for (A) smallmouth
buffalo, and (B) young-of-the-year
smallmouth buffalo, for electrofish-
ing, from Pool 26 of the Mississippi
River, for the Long Term Resource
Monitoring Program, 1994-2003.
Note that catch-per-unit-effort val-
ues are graphed on a log scale.
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carp were first collected in Pool 26, and 1998
when silver carp were first collected, their
populations have increased greatly. Because
Asian carp are adept at avoiding most of the
gear types used by the LTRMP, our catch data
provide a crude index of abundance for these
species. Nevertheless, our data do suggest a
substantial increase in abundance. Total catch
of bighead carp increased from 4 fish in 1995
to 97 fish in 2003, and total catch of silver carp
increased from 2 fish in 1998 to 14 fish in 2003
(Figs. 12A and 12B). Grass carp total catch
also increased during the study period, with the
largest catch of 41 fish occurring in 2003 (Fig.
120).

Reproduction during the 1993 Flood

The 1993 flood of the Upper Mississippi River
was extreme in both magnitude and duration,
reaching 6.1 m above flood stage at Grafton, IL
and remaining above flood stage for 203 days
(Ratcliff and Theiling 1994). Several species
appear to have produced exceptionally strong
year classes, likely by using the expansive
spawning and nursery areas created by the
flood. Although we observed production of
YOY fish in 1993, our dataset was incomplete
because river traffic restrictions kept us from
sampling Pool 26 during the flood. We were,
however, able to approximate reproduction in
1993 by looking at the abundance of fish in
length classes in 1994 that should correspond to
Age-1. The trend we saw for largemouth bass,
black crappie, white bass, and common carp
was a higher CPUE of Age-1 fish in 1994 than
in any other year during the study, indicating

a very successful spawn in 1993. The 95%
confidence interval for 1994 only overlapped
with one other year for largemouth bass,

white bass, and common carp, and with two
other years for black crappie (Figs. 13A-13
D). These approximations of 1993 reproduc-
tive success in Pool 26 are consistent with fish
collections we were able to make on the lower
Illinois River during the 1993 flood. In this
LTRMP focused study of three sites near the
Illinois River’s confluence with Pool 26, YOY
largemouth bass, black crappie, and white bass
were abundant at all three sites (Maher 1994).
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Through analysis of length frequency data in
annual LTRMP reports, it is clear that the 1993
year class has declined through time (Bartels

et al. 2004a, Bartels et al. 2004b; Burkhardt et
al. 1997, Burkhardt et al. 1998, Burkhardt et al.
2000, Burkhardt et al. 2001, Burkhardt et al.
2004a, Burkhardt et al. 2004b; Gutreuter et al.
1997a, Gutreuter et al. 1997b). Similarly, al-
though catch of largemouth bass, black crappie,
and white bass increased after the 1993 flood,
there is little evidence of a sustained population
increase.

Conclusions

The fish community of Pool 26 is a mix of
game, nongame, and invasive species, as can be
seen in the total catch for the study period; giz-
zard shad, emerald shiner, common carp, chan-
nel shiner, channel catfish, freshwater drum
and bluegill were the most commonly collected
species, accounting for 75% of our total catch.
The LTRMP fish sampling design is primarily
aimed at community assessment (Ickes et al.
2005a), but Pool 26 monitoring data have been
sufficient to show significant population trends
in several species (most notably blue catfish
and common carp) and in YOY largemouth
bass and white crappie (increasing trends). We
note that our length cut-offs for YOY fishes
should be verified by future length-at-age
studies, nonetheless we are confident that our
methods are likely to be accurate for major
trends or substantial shifts in year-class strength
(Appendix D).

The reasons for the dramatic increase in blue
catfish in Pool 26 are not obvious. Similar,
though not as dramatic, increases in blue
catfish are apparent in the data collected from
the Open River Reach (river mile 30 to 80;
UMESC 2007) so we may be seeing effects
from a regional pattern. Though purely specu-
lative, blue catfish may have benefited from
the significant increase in main channel water
temperature detected by the LTRMP during this
time period (see Chapter 1), because the Up-
per Mississippi River lies within the northern
limits of their range. Additionally, blue catfish

(continued on page 366)
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are known to move upstream in summer and
downstream toward warmer water in winter
(Pflieger 1997, Graham 1999). Catfishing
tournaments increased during the time period
of this study (pers. comm., Suzanne Halbrook,
Alton Regional Convention and Visitors Bu-
reau). During these tournaments, most of the
reproductively mature blue catfish are caught
below Lock and Dam 26 and are then usually
released upstream of Lock and Dam 26 due
to the weigh-in location. Locks and dams on
the Mississippi River do not prevent, but do
impede the movements of blue catfish (Coker
1929, Graham 1999), so an increase in catfish
tournaments during this period could be influ-
encing the observed increased CPUE of blue
catfish in Pool 26.

In addition to detecting several statistically
significant trends, LTRMP sampling detected
the spread of previously undocumented exotic
species in Pool 26 (bighead carp, silver carp,
white perch), as well as the continued presence
of three other previously established invasive
species (common carp, grass carp, goldfish).
There was a population explosion of bighead
and silver carp in Pool 26 during the study
period, and although the standard LTRMP
sampling gears are not especially efficient at
capturing bighead and silver carp, we were still
able to document the spread of these species
into Pool 26 and to witness an increase in their
catch rates.

The apparent decline in common carp
abundance seen during the study period may
be linked to the Great Flood of 1993. Like
several other species, common carp appear to
have had a very successful spawn in 1993, and
it is quite possible that their overall abundance
has declined as the result of this large cohort
of common carp gradually disappearing from
the population. Because the LTRMP Pool 26
data were sufficient to show significant trends
for both YOY and all ages of several species,
it looks promising that further analyses of
LTRMP data could yield insight into factors in-
fluencing recruitment and reproductive success
of fishes in Pool 26. Very successful spawns by
largemouth bass, black crappie, and white bass
also appeared to have occurred during the Great
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Flood of 1993, but there was little evidence of
recruitment or sustained population increases
for these species. It is logical to assume that
the reason several species had especially suc-
cessful spawns during 1993 was because more
flooded terrestrial areas were available for
reproduction than in recent history; however,
it is difficult to determine whether the apparent
peaks in abundance of several species imme-
diately after 1993 were a result of the flood or
other factors, because we do not have a com-
parable dataset for the period prior to the 1993
flood. This illustrates the value of long-term
monitoring data. Had data, consistent with the
methodology used from 1994 to the present,
been available for three to five years prior to
the 1993 flood, the LTRMP program would be
in a unique position to make inferences about
the effects of major floods on the ecology of
great rivers. As we continue to strengthen our
dataset with annual LTRMP fish collections,
we will be better able to explain this and other
long-term population trends in the fishes of
Pool 26.
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Chapter 3: Exploring Fishery Independent (LTRMP) Data as a Tool to Evaluate the
Commercial Fishery in Pool 26 of the Mississippi River

Eric J. Gittinger, Rob Mabher, Eric N. Ratcliff, and John H. Chick

Abstract: We used LTRMP fish data and reported commercial harvest data to assess the status

of the commercial fishery in Pool 26. We found little evidence to suggest that commercial fishing
is severely reducing fish populations in Pool 26 of the Mississippi River. Conversely, with the
exception of common carp, which are declining throughout the Upper Mississippi River (UMR),
we found that populations of stock-size fish (i.e., fish = the approximate length of maturity or
harvestable length) of most commercially harvested species have increased or maintained consis-
tent numbers from 1994-2003. Most species we examined had increases in young-of-year (YOY)
and/or substock numbers in the last two to three years of the time series, with buffalo and common
carp being the notable exceptions. We found a significant increase in the catch-per-unit-effort of
stock-size buffalo (three species combined) along with increased commercial harvest, but a signifi-
cant decrease in the catch per unit effort (CPUE) of substock-size buffalo. Continued collection of
LTRMP fish data will be especially useful for continued tracking of the buffalo fishery.
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Introduction

Harvesting fish from rivers, lakes, and oceans
for sale or trade is a profession that has existed
for millennia around the world. The com-
mercialization and modernization of fishing in
the nineteenth and twentieth centuries turned a
profession of old into billion dollar industries
for many countries. Use of satellites, GPS,
sonar, bigger and more effective gear and boats,
and a greater knowledge of fish behavior has
made it possible to more efficiently capture fish
(Baelde 2001, Gunderson 1993, Pennington
and Stromme 1998). Overfishing is a major
challenge to the sustainable management of
fisheries, and several commercially harvested
fishes such as flatfish (e.g., halibut, sole, and
flounder), Atlantic herring (Clupea harengus),
Pacific herring (Clupea pallasii), cod (Gadus
morhua), walleye (Sander vitreus), and lake
trout (Salvelinus namaycush) are or have been
driven to historically low population levels by
overexploitation (Hilborn 1992, Horwood et
al. 1998, Hutchings and Myers 1994, Myers
et al. 1997, Radomski 1999, Trumble 1997).
Of the 200 commercial fisheries monitored
by the Food and Agriculture Organization of
the United Nations, 25-33% are reported as
depleted or heavily overexploited (Weber 1995,
Angermeier 2007).

Data from commercial catch reports can be
a potentially useful tool for fisheries manag-
ers to regulate and monitor fish populations
(Pennington and Stromme 1998); however,
there are several inherent problems when us-
ing such data. When catch data from a com-
mercial fishery are used to track abundance of
exploited fishes, an increase in catch can be an
indication that the population is increasing. All
fishing gear, whether used in scientific stud-
ies or for commercial or recreational fishing,
do not catch all size classes and/or species of
fish equally well. Often, little information
is known about how these biases affect the
relationship between catch from the gear and
the actual abundance of the populations of
fishes in the environment. In addition to gear
and methodological biases, commercial catch
can be influenced by market forces (e.g., price
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of fishes) that in turn can influence fishing ef-
fort or intensity, along with the methodology
(i.e., gear, habitats fished, etc.) used by com-
mercial fishers (Gunderson 1993, Pennington
and Stromme 1998). Because of these factors,
catch rates can remain high and even increase
as fish populations decrease, potentially leading
to disastrous management decisions (Harley et
al. 2001, Hilborn and Walters 1992, Hutchings
and Myers 1994, Myers et al. 1997).

Other potential confounding factors that may
influence catch over time trends are changes in
regulations, accuracy of reported data (under
reporting for tax/market value reasons, over re-
porting for regulatory concerns), and economic
laws of supply and demand (Fox and Starr
1996). Market demand can lead to a new fish-
ery or the cessation an established fishery (Fox
and Starr 1996). A commercial fisherman’s
catch is driven by profits that are determined
primarily by market prices, which can change
rapidly with variation in supply and demand.
For these reasons, changes in commercial catch
may not be directly related to changes in fish
abundance. Accurately managing a fishery
without data that are free of all these confound-
ing factors is usually a difficult task.

A solution to these problems is fishery-
independent data gathered by scientific
surveys. Pennington and Stromme (1998)
stated that although scientific surveys are often
expensive, they are the most efficient way to
monitor commercially valuable species and the
anthropogenic impacts on the ecosystem by
predicting recruitment, which is necessary to
understand the temporal and spatial dynamics
of the resource. Survey- or fishery-independent
data can serve as a check on fishery catch data
for formulating population status and trend
indices, and can be valuable information for
formulating responsible management strategies
for many fisheries around the world (Gunder-
son 1993, Helser and Hayes 1995, Pennington
and Stromme 1998, Peterman 2004). Ideally,
scientists would provide stock assessment
advice to fisheries managers (and stakeholders)
to combine with their management objectives
before recommending a particular action (i.e.,
harvest rate), which affects the entire ecosys-
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tem (R.M. Peterman 2004). Although detailed
information on CPUE, length, weight, and age
structure of fishes would be optimal, useful
information can be gleaned simply from trends
in fishery-independent CPUE.

The modernization of commercial fisheries
and much of the focus on the management of
commercial fisheries is based around marine
systems. Aside from a few notable exceptions
(e.g., Great Lakes fisheries), most freshwater
commercial fisheries are still artisanal and are
managed without fishery-independent data.
Instead, managers often have to resort to anec-
dotal evidence or focused studies to evaluate
their fisheries or respond to their constituents.
Although using commercial harvest data to
monitor the commercial fishery is problematic,
these data are potentially very valuable for non-
targeted species or by catch. Due to the sheer
amount time commercial fishers have their nets
in the water; they can be a great resource for
detecting a new species or a significant increase
in a nontargeted species. Good examples of
this are commercial fisherman catching the
first black carp (Mylopharyngodon piceus) in
the United States (Chick et al. 2003), detect-
ing the presence and then dramatic increase of
exotic species such as the grass and Asian carp
throughout much of the Mississippi and Illinois
rivers, and the increase of blue catfish in Pool
26 of the Mississippi River.

Commercial fisheries in the Mississippi
River are an excellent example of the artisanal
fisheries typical of many freshwater ecosys-
tems. Although both Illinois and Missouri have
commercial fisheries on the Mississippi River,
annual harvest in Pool 26 by Missouri com-
mercial fishes is only 2-3% of the harvest from
Illinois commercial fishers (unpublished data
provided by Missouri Department of Conserva-
tion, Vince Travnichek). Therefore, we only
used commercial harvest data from the Illinois
Department of Natural Resources for this study.
The state of Illinois issues approximately 1,400
commercial fishing licenses annually. Of these,
approximately 350 either sell fish for money or
catch over 1,000 Ibs and are defined as full or
part-time commercial fishers (Williamson 1995,
Williamson 2000; Maher 2001, Maher 2005).
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The annual reported commercial harvest for the
state is often around 6—7 million pounds of fish
with an estimated wholesale value of $1.5-$1.7
million (Williamson 1995, Williamson 2000;
Mabher 2001, Maher 2005). The value of the in-
dustry is even greater once the fish flesh is sold
a second time in stores and restaurants through-
out the state. This value will only increase
through time as the marine fisheries around the
world become more depleted.

The 580 miles of the Mississippi River that
border Illinois make a significant contribution
to the commercial fishing industry in Illinois.
Approximately 48% of the full and part-time
commercial fishers in the state fish these waters
and they typically account for approximately
65% of the annual sales in the state (William-
son 1995 — Williamson 2000; Maher 2001 —
Maher 2005). The 41 miles of the Mississippi
River that comprise Pool 26 also contribute
significantly to the state’s commercial fishery.
Pool 26 is a unique part of the Upper Missis-
sippi River System (UMRS), housing the last
in a series of 26 dams starting in Minnesota and
ending in Alton, Illinois. The pool contains
the confluence of the Illinois River and is just
upstream from the Missouri River’s confluence,
where river dynamics change dramatically.
Annually, in Pool 26 there are usually 8—10 full
time commercial fishers who report the vast
majority of the harvest, this pool accounts for
almost 20% of the Mississippi River annual
sales, or approximately 13% of the total an-
nual sales for the state of Illinois (Williamson
1995 — Williamson 2000; Maher 2001 — Maher
2005).

The INHS Great Rivers Field Station has
been monitoring fish populations in Pool 26 of
the Mississippi River (MR) for the Long Term
Resources Monitoring Program (LTRMP) since
1989 (see Chapter 2). Although the program
wasn’t designed specifically to monitor the
commercial fishery or the specific species that
are commercially harvested, it was designed to
track general trends in populations and habitat
use of species that are important to the ecosys-
tem and/or of concern to resource managers
(Bartels et al. 2004). Our primary objective
was to see if 10 years (1994-2003) of LTRMP
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data from Pool 26 of the Mississippi River
could be useful in assessing the health of the
commercial fishery. This is just one demonstra-
tion of the data available and how managers
could use these to help evaluate their commer-
cial fisheries.

Methods

Commercial harvest data were taken from the
annual (1994-2003) Commercial Catch Reports
(exclusive of Lake Michigan) for the state of II-
linois. These annual reports are an assimilation
of harvest reports that each commercial fisher
is required to submit to the state to maintain
their commercial license. These reports show
gear types that are fished, general locations,
market prices, and the total harvest of fish flesh
in pounds, with no measure of effort. The fish
harvest is broken down by species in many
cases; blue catfish (Ictalurus furcatus), bowfin
(Amia calva), common carp (Cyprinus car-
pio), channel catfish (Ictalurus punctatus), eel
(Anguilla rostrata), flathead catfish (Pylodictis
olivaris), freshwater drum (Aplodinotus grun-
niens), grass carp (Ctenopharyngodom idella),
paddlefish (Polyodon spathula) and shovelnose
sturgeon (Scaphirhynchus platorynchus). Other
harvested fishes are broken down into groups
such as: Asian carp (Hypophthalmicthys spp.),
buffalo (Ictiobus spp.), bullhead (Ameiurus
spp.), carpsuckers (Carpiodes spp.), gar (Lepi-
sosteidae), herring (Hiodontidae) and suckers
(Catostomidae). For our study we looked at the
following species/groups: channel catfish, blue
catfish, flathead catfish, buffalo, common carp,
Asian carp, and grass carp. Our primary focus
was on the annual harvest (Ibs) of fish on Pool
26 of the Mississippi River.

The LTRMP uses a multi-gear approach (six
gear types) for monitoring, and a stratified ran-
dom sampling design, with strata being broad
habitat types (main channel, side channel, back-
water, and impounded). Sampling occurs over
three time periods (TP); TP1 is June 15-July
31, TP2 is August 1-September 15, and TP3 is
September 16—October 31. A detailed descrip-
tion of LTRMP protocol and methodology is
documented in Gutreuter et al., 1995. For this
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study, we primarily used the two most effec-
tive gear types at capturing the species/groups
of fish identified above, as well as results from
a statistical power analysis of inter-annual
changes in mean catch (Lubinski et al. 2001).
The strongest design-based inferences that can
be made from LTRMP data are derived from
catch-per-unit-efffort (CPUE) data from single
gears, where a measure of central tendency
(i.e., mean) and variance (i.c., standard error)
can be calculated. Electrofishing and hoop net
data provided the best information for most of
the species/group comparisons we investigated.
We sampled 70-72 electrofishing sites per year
(1994-2003). Hoop nets are set in pairs with
one large and one small net set parallel to each
other at each site. For this study we combined
the two nets to give us one sample per site (38—
51 sites sampled per year from 1994-2003).
For some species/size classes, no single gear
provided adequate data for calculating mean
and variance. In these cases, total catch from
either a single or combination of all LTRMP
gears that were fished consistently in all years
and strata were used to make inferences about
species trends (e.g., YOY blue catfish are only
caught in trawls at a fixed site in the tailwaters
of Lock and Dam 25). These data can pro-
vide some insight into population trends, but
the inferences one can make are not as strong
because there is no accounting for effort and no
way to assess variance.

We used SAS to calculate annual total catch,
mean CPUE, and standard error for each spe-
cies/group, weighted by strata, from LTRMP
data (see Appendix D). We did this for three
different size classes: stock size (i.e., fish = the
approximate length of maturity or harvestable
length), substock, and young of the year (YOY;
Table 1). Because we are looking at different
size classes readers should not expect identical
trends for all size classes combined presented in
Chapter 2. These size classes were determined
from several sources. To determine stock size,
we used the Illinois commercial legal size
limit of 15 inch (380 mm) on catfishes, for
the remaining species we used a “marketable
size” (see Table 1) to determine at what size
these fish were harvested (pers. comm., Robert
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Table 1. Specific fish lengths (mm) used to define the three size classes
(young of the year (YOY), substock and stock) used for each species in
our study. See Appendix D for details on how size criteria for YOY were
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targeted species, a commercial
fisher’s effort can dramatically
increase in response to the

developed. market value/demand for fish
Species/Group YOY  Substock Stock ﬂesh; thus, pop u}atlon dyn.am-
ics cannot be estimated using
Channel Catfish <100 100-379 >379 only commercial harvest data
Blue Catfish <140 140-379 >379 due to the lack of any measure
Flathead Catfish <140 140-379 >379 of effort and control of the
Buffalo <150 150-329 >330 accuracy of reported data. We
Cpmmon Carp S s o still find it valuable to plot the
ighead Carp < — > . . .
“Silver Carp <200 200-329 >330 data side byf;‘de with LTRI;;[P
Grass Carp <210 210-329 >330 data in an effort to potentially

* Grouped as Asian Carp

Mabher, Commercial Fishery Program Direc-
tor, Illinois Department of Natural Resources).
YOY size groups were determined through the
Von Bertalanffy growth equation and through
examination of LTRMP data for length through
time (see appendix D). Substock-size groups
were fish that did not fit into either the stock or
YOY size groups and likely includes several
year classes from 1- to 4-year-old fish depend-
ing on the species of fish. Although we may
have some outliers overlapping in our year
class representations for YOY fish, our main
purpose is to demonstrate potential stocks that
could recruit into the next size class; i.e., YOY
to substock, substock to stock-size fishes. To
look for temporal trends, we used linear regres-
sions with time as the independent variable
(1994 = Time 1, 1995 = Time 2, etc.) on annual
means of CPUE, log-transformed (log10+1)

to conform to the assumption of linearity and
homoscedasticity of error. Regressions were
plotted only when significant (P < 0.05), and
we plotted untransformed CPUE on a log scale
for easier graph interpretation.

Results and Discussion

For both commercial and LTRMP data, there
are a few things that must be considered when
assessing potential trends. Although we plot-
ted commercial and LTRMP data on the same
graph, we do not necessarily expect the trends
to follow one another. For commercially

detect dramatic changes in
fish populations. For instance,
if commercial catch steadily
increased over time but was followed by a
sharp reduction in harvest and the LTRMP data
had been declining over time, we might suggest
that the fish population declined to low levels
where commercial fishers either could not har-
vest many fish or populations declined below a
threshold where it wasn’t profitable to fish for
that species of fish.

We also need to consider that these data are
a 10-year snap shot (1994-2003) of a much
larger picture and the inferences one can make
from these data only get better as more years
are added. For example, in 1993 a large flood
event influenced the whole Upper Missis-
sippi River System, and the flood’s influence
appears evident in the LTRMP data for several
fish species (see Chapter 2). Although we
observe several trends that were likely caused
by this flood the lack of comparable long-term
data taken before the flood prevents us from
making strong inferences about the flood’s
influence on the biotic community. Addition-
ally, several commercially harvested species
are long-lived, and 10 years is not sufficient to
observe generational shifts or the full influence
of strong or weak year classes on population
dynamics. With a large, open, highly disturbed,
and diverse ecosystem such as the Mississippi
River, only long-term data maintained with
consistency and precision over the course of
decades can form a historical database where
the effects of events such as the flood of 1993
can be effectively evaluated.
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Channel Catfish: The commercial harvest of
channel catfish peaked at 82,000 and 80,000
Ibs harvested in 1994 and 1998, respectively.
Aside from those two years, the commercial
harvest has steadily decreased from 66,000 lbs
in 1995 to a low of 50,000 Ibs in 2003 (Fig.
1A). LTRMP electrofishing CPUE (fish per

15 min) of stock-size channel catfish peaked

at 1.78 in 1994, and a reached a low of 0.73 in
1998, while all other year’s CPUEs have fluctu-
ated between 0.88 and 1.35 (Fig. 1A). Both
commercial and LTRMP data show that stock-
size channel catfish hit highs in 1994 and have
shown a small decreasing trend since 1994.
The variance around LTRMP means, however,
suggests that inferences about declines in chan-
nel catfish populations are not strongly sup-
ported by these data.

LTRMP electrofishing CPUE of both YOY
and substock channel catfish peaked in 1999,
followed by low CPUEs of both size groups
in 2000 (Fig. 1B). Both size groups again in-
creased after 2000 with YOY appearing to have
relatively good years from 2001-2003 (Fig.
1B). Given these data, there appears to be little
evidence that the channel catfish population is
declining even though commercial harvest has
declined. This decline could be due to changes
in commercial fishers effort, market value
changes of various fish, or perhaps a shift in the
commercial catch to other species such as blue
catfish (which is sold as “catfish”). In the years
2004-2006, it will be interesting to see if these
recent strong year classes recruit into the stock-
size channel catfish population.

Blue Catfish: The commercial harvest of blue
catfish has increased from 4,800 1bs in 1994 to
approximately 21,000-26,000 lbs by 2002—
2003. In 2000, the blue catfish harvest in-
creased substantially to almost 80,000 1bs (Fig.
2A), almost 20,000 Ibs higher than channel
catfish that year. From the years 1994-2000,
hoop net CPUEs (fish per 48 hours) ranged
from 0.0-0.09; the CPUEs increased to 0.11,
0.12,and 0.17 from 2001 to 2003 with an even
larger increase to 0.63 in 2004 (not analyzed
here). There was a significant positive trend
(F,,.,=8.31,R*=0.48,P < 0.020) of LTRMP
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hoop net CPUE:s for stock-size blue catfish
from 1994-2003 (Fig. 2A).

LTRMP total catch of YOY blue catfish in
trawls was < 4 from 1994—-1999 but increased
to 17,123, 94, and 62 fish from 2000 to 2003
(Fig. 2B). We found a significant increase
in substock-size blue catfish using LTRMP
hoop net CPUEs, where a low of 0.0 in 1994
increased to a high of 8.8 in 2002 (F,,=41.29,
R?=0.82,P <0.001; Fig. 2B). LTRMP data,
and to a lesser extent commercial harvest, sug-
gest that large numbers of blue catfish have not
only moved (likely upstream from open river)
into Pool 26 but have also spawned in recent
years, thus displaying significant increases in
all size classes. It is possible that the increase
of blue catfish has led to commercial fishers
harvesting less channel and flathead catfish,
since all three species are marketed as “catfish.”

Flathead Catfish: The commercial harvest of
flathead catfish remained relatively steady from
1994 to 2000 ranging from 21,000-28,000 lbs
harvested annually, before dramatically de-
creasing to 13,700 1bs (2001), 7800 1bs (2002),
and 11,700 1bs (2003) (Fig. 3A). A regres-
sion of stock-size flathead catfish captured in
LTRMP hoop nets (CPUE) was not significant.
The graph shows stock-size flathead catfish de-
creasing from 1994-2000 before increasing in
the following years (2001-2003), however the
10-year trend line appears to be relatively flat
suggesting the population is relatively constant
(Fig. 3A).

Substock flathead catfish CPUE in hoop nets
showed a significant (F,, ,=4.92,R*=0.35,P
< 0.050) increasing trend from 1994-2003 (Fig.
3B). YOY flathead catfish do not appear to be
well sampled by LTRMP methods, with total
catch ranging from 1-4 fish annually. Recent
declines in the commercial catch of flathead
catfish may be related to the increased avail-
ability of blue catfish to commercial fishers
rather than a population decline. Given the in-
crease of substock flathead catfish, there should
be fish recruiting into the stock-size class in the
near future.

(continued on page 379)
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A. Stock size channel catfish
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Figure 1. A) Bar graph displaying the total pounds of channel catfish
harvested by commerecial fishers in Pool 26 on the right axis and a
scatter plot (with standard error bars) of LTRMP electrofishing CPUE
(fish per 15 min) of stock-size channel catfish (> 380 mm) in Pool 26 of
the Mississippi River from 1994-2003 plotted on a log scale on the left
axis. B) Bar graphs (with standard error bars) of LTRMP electrofish-
ing CPUEs of substock (100-379 mm) and YOY (< 100 mm) channel
catfish in Pool 26 of the Mississippi River from 1994-2003 plotted on
a log scale.
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Figure 2. A) Bar graph displaying the total pounds of blue catfish
harvested by commercial fishers in Pool 26 on the right axis and a
scatter plot (with standard error bars) of LTRMP hoop net CPUE
(fish per 48 h) of stock-size blue catfish (> 380 mm) in Pool 26 of
the Mississippi River from 1994-2003 plotted on a log scale on
the left axis. Dashed line is a significant regression of the LTRMP
data. B) Bar graph displaying total catch of YOY (< 140 mm) blue
catfish in LTRMP trawls on the right axis and a scatter plot (with
standard error bars) of LTRMP hoop net CPUE (fish per 48 h)

of substock (140-379 mm) blue catfish in Pool 26 of the Missis-
sippi River from 1994-2003 plotted on a log scale on the left axis.
Dashed line is a significant regression of the LTRMP data.
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Figure 3. A) Bar graph displaying the total pounds of flathead catfish harvested by com-

mercial fishers in Pool 26 on the right axis and a scatter plot (with standard error bars)

of LTRMP hoop net CPUE (fish per 48 h) of stock-size flathead catfish (> 380 mm)

in Pool 26 of the Mississippi River from 1994-2003 plotted on a log scale on the left
axis. B) Scatter plot (with standard error bars) of LTRMP hoop net CPUE (fish per 48
h) of substock (140-379 mm) flathead catfish in Pool 26 of the Mississippi River from

1994-2003 plotted on a log scale. Dashed line is a significant regression of the LTRMP

data.
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Buffalo: The commercial harvest of buffalo
doubled from 250,000 1bs harvested in 1994 to
a high of 520,000 Ibs in 2001 (Fig. 4A). For
this study LTRMP data for the three species

of buffalo are grouped as one (smallmouth,
bigmouth, and black buffalo); however, a
quick breakdown of buffalo CPUESs by species
shows that smallmouth buffalo were over an
order of magnitude higher than bigmouth and
black buffalo. LTRMP electrofishing CPUE
for stock-size buffalo showed a significant (F ,
=041, R?=0.44, P < 0.030) increasing trend
during the same time that commercial catch
was doubling (Fig. 4A). Conversely, substock
buffalo electrofishing CPUE substantially de-
creased from 2.71 and 3.13 in 1994 and 1995 to
alow of 0.18 in 2001, showing small increases
to 0.42 and 0.83 in 2002 and 2003 (Fig. 4B).
Across the 1994 to 2003 time series, there was
a significant (F, , =25472,R*=0.76,P <
0.001) negative trend for electrofishing CPUE
for substock buffalo (Fig. 4B).

Electrofishing CPUEs for YOY buffalo have
been between 0.15 and 0.37 for all years except
1999 (0.62), 2001 (0.57), and 2002 (0.76) (Fig.
4B). It appears the high numbers of substock
buffalo present from 1994-1997 recruited into
the stock-size population, driving the increas-
ing trend of stock-size buffalo and the increases
in commercial harvest. Small decreases in the
number of stock-size buffalo from 1998-2003
likely explain the recent declines in the com-
mercial harvest of stock buffalo. Substantially
larger YOY buffalo numbers in 1999, 2001, and
2002 appear to be recruiting into substock-size
populations during 2002-2003.

Common Carp: Commercial harvest of com-
mon carp peaked in 1996 with approximately
90,000 1bs harvested but has since declined

to 9,000 Ibs in 2003 (Fig. 5A). LTRMP hoop
net CPUE data of stock-size common carp
significantly (F , = 11.48,R*=0.56,P <
0.008) declined from a high of approximately
13 fish per 48 hr net set in 1994 to lows < 2 in
1999 and 2001 (Fig. SA). Other than a small
increase in 2000, CPUE has remained low (~2)
from 1998-2003. In both the commercial and
LTRMP data, it appears that a strong year class
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was produced during the 1993 flood (see Chap-
ter 2), but stock-sizes of common carp numbers
have declined since the mid-nineties.

Electrofishing CPUE for substock common
carp also significantly (F , ,=22.32, R2=0.74,
P <0.001) declined from a high 8.5 in 1994 to
less than 1.5 from 1996-2003 (Fig. 5B). YOY
common carp production appears low from
1994-2000 with electrofishing CPUEs ranging
from 0.0 to 0.03, before increasing to 0.1-0.2
during 2001-2003 (Fig. 5B). Carp numbers
appear to have declined due to poor spawns
and recruitment from 1994-2000. Data from
20042006 will reveal if the apparent increased
production of YOY carp during 2001-2003 will
increase populations of substock and stock-size
common carp.

Asian Carp: The commercial harvest of stock-
size Asian carp was zero in 1994, but harvest
increased to 5,000-8,000 Ibs from 1995-1999
before jumping to approximately 70,000 lbs
harvested in 2000 and 22,000 lbs in 2003 (Fig.
6A). LTRMP electrofishing CPUEs for stock-
size Asian carp increased from 0.0 in 1994 to
0.14 in 2001, with an overall significant (F , , =
6.84, R?=0.46, P < 0.030) increase across the
whole time series (Fig. 6A). Asian carp are not
well sampled by LTRMP sampling protocols,
and counting silver carp that jump into our
boats may be the most effective method for this
species. LTRMP sampling collected 18 and 7
stock-size Asian carp in 2002 and 2003, respec-
tively; in those same years, 119 and 106 fish
(nearly all silver carp) jumped into our boats
hitting people 24 and 41 times. YOY Asian
carp total captures in all gears have increased
from zero in 1994—-1996 to 86 in 2003 (Fig.
6B). Captures of substock Asian carp were
zero from 1994-1998 then increased to a high
of 5 in 2000; however, this size group appears
to be exceptional at avoiding LTRMP sampling
gears. LTRMP sampling suggests exponential
population growth of Asian carp populations,
with our two largest spawning events (2002 and
2003) yet to recruit into the stock-size popula-
tion.

(continued on page 383)
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A. Stock size buffalo
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Figure 4. A) Bar graph displaying the total pounds of buffalo harvested by commer-

cial fishers in Pool 26 on the right axis and a scatter plot (with standard error bars) of

LTRMP electrofishing CPUE (fish per 15 min) of stock-size buffalo (> 330 mm) in
Pool 26 of the Mississippi River from 1994-2003 plotted on a log scale on the left axis.
Dashed line is a significant regression of the LTRMP data. B) Bar graph (with stan-

dard error bars) displaying LTRMP electrofishing CPUE (fish per 15 min) of YOY (<
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150 mm) buffalo and a scatter plot (with standard error bars) of LTRMP electrofishing
CPUE (fish per 15 min) of substock (150-329 mm) buffalo in Pool 26 of the Mississippi

River from 1994-2003 plotted on a log scale on the left axis. Dashed line is a signifi-

cant regression of the LTRMP data.
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A. Stock size common carp
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Figure 5. A) Bar graph displaying the total pounds of common carp harvested by com-
mercial fishers in Pool 26 on the right axis and a scatter plot (with standard error bars)
of LTRMP hoop net CPUE (fish per 48 h) of stock-size common carp (> 330 mm) in
Pool 26 of the Mississippi River from 1994-2003 plotted on a log scale on the left axis.
Dashed line is a significant regression of the LTRMP data. B) Bar graph (with standard
error bars) displaying LTRMP electrofishing CPUE (fish per 15 min) of YOY (< 140
mm) common carp and a scatter plot (with standard error bars) of LTRMP electrofish-
ing CPUE (fish per 15 min) of substock (140-329 mm) common carp in Pool 26 of the
Mississippi River from 1994-2003 plotted on a log scale on the left axis. Dashed line is
a significant regression of the LTRMP data.
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A. Stock size Asian carp
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Figure 6. A) Bar graph displaying the total pounds of Asian carp harvested by commercial
fishers in Pool 26 on the right axis and a scatter plot (with standard error bars) of LTRMP
electrofishing CPUE (fish per 15 min) of stock-size Asian carp (> 330 mm) in Pool 26 of
the Mississippi River from 1994-2003 plotted on a log scale on the left axis. Dashed line
is a significant regression of the LTRMP data. B) Bar graph displaying total catch of YOY
Asian carp (< 230 mm bighead carp and < 200 mm silver carp) in all LTRMP gears in
Pool 26 of the Mississippi River from 1994-2003.
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Grass Carp: The commercial harvest of stock- =0.43,P <0.040). YOY grass carp had three
size grass carp has steadily increased from zero  peak years with 22 (1997), 14 (2000), and 30
fish harvested in 1994 to a high of over 18,000  (2003) total fish captured in all gears. All other
Ibs in 2003 (Fig. 7A). Aregression of LTRMP  years had a total YOY catch of 0-2 fish (Fig. 7B).
electrofishing CPUE data shows an increase Substock grass carp were rarely captured, ranging
in stock-size grass carp from zero in 1994 and from 0—1 fish/yr. These data suggest grass carp
1995 to a high of 0.11 in 2002 (F,, , = 6.06, R? numbers appear to be increasing in Pool 26.
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Figure 7. A) Bar graph displaying the total pounds of grass carp harvested by commer-
cial fishers in Pool 26 on the right axis and a scatter plot (with standard error bars) of
LTRMP electrofishing CPUE (fish per 15 min) of stock-size grass carp (> 330 mm) in
Pool 26 of the Mississippi River from 1994-2003 plotted on a log scale on the left axis.
Dashed line is a significant regression of the LTRMP data. B) Bar graph displaying total
catch of YOY grass carp (< 210 mm) in all LTRMP gears in Pool 26 of the Mississippi
River from 1994-2003.
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Conclusions

We found little evidence to suggest that
commercial fishing is severely reducing fish
populations in Pool 26 of the Mississippi River.
Conversely, with the exception of common carp
(more on carp below), we find that populations
of stock-size fish have increased or maintained
relatively consistent numbers from 1994-2003.
In the case of buffalo, we find the number of
stock-size fish increasing, which has supported
a dramatic increase in commercial harvest.

As a whole, we found little evidence that
commercially harvested species in Pool 26
were being over exploited, and reproductive
patterns for several species suggest they could
experience increased numbers of stock-size
fish in the near future. Almost all of the spe-
cies we looked at in this study have shown
increases in YOY and/or substock numbers
from 2000-2003, with buffalo and common
carp being the notable exceptions. Continued
sampling will be required over several more
years to determine if these year classes recruit
to the stock-sized populations of Pool 26. Buf-
falo substock numbers steadily declined from
19942001 with an apparent small rebound
during 2002-2003. This trend raises potential
concerns if buffalo substock numbers continued
to decline while commercial harvest of stock-
size buffalo continued to increase. However,
Pool 26 is not a closed system and fish like buf-
falo can migrate in and out of the pool through
the locks and dams or up the Illinois River.
Looking at the LTRMP CPUE trend (Fig. 4A)
for stock-size fish we see the curve flatten from
2001-2003. This could be a result of reduced
recruitment from the declining substock popu-
lation in addition to an increase in commercial
harvest during the same time period. Contin-
ued monitoring of buffalo numbers is needed to
ensure that their populations are sustainable.

We conducted this exploration of data to
demonstrate the usefulness of LTRMP data to
the management of commercial fisheries, and
in detecting recruitment of different size classes
of fish to the next level (i.e. YOY > substock
> stock). For example, buffalo electrofish-
ing CPUE:s for YOY steadily decline from
1994-1998, substock follows suit with a 1-year
lag; YOY was lowest in 2000 before significant
increases in 2001 and 2002, where substock
lagged a year and was lowest in 2001 with sig-
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nificant increases in 2002 and 2003 (Fig. 4A).
From such data we could predict that buffalo
substock numbers will decline in 2004 follow-
ing a poor year of YOY in 2003. We have no
sure explanation why the number of stock-size
fish has continued to increase while substock
numbers have decreased. It is likely a combi-
nation of new fish migrating into the pool and
a very large year class of substock fish coming
out of the 1993 flood with populations not yet
reaching equilibrium. We were also able to
document apparent substantial increases in the
abundance of blue catfish and non-native Asian
and grass carp populations.

As was already discussed, predicting popula-
tion trends based only on commercial harvest
data can be misleading because of market
and other extrinsic factors that can influence
harvest; however, commercial harvest data can
be very helpful in detecting large scale events
such as migrations or extirpation of species
in an area. This is primarily due to the sheer
number of hours fished as well as selection of
location and gear type that are best to harvest
fish. Blue catfish, Asian carp, grass carp, and
black carp are an excellent example of the
value of commercial harvest data. In all three
cases, commercial fishers captured these spe-
cies in high numbers a year or more before
LTRMP data detected them (Figs. 2A, 6A, and
7A). Both the blue catfish and Asian carp com-
mercial harvest jumped significantly in the year
2000, indicating a new population of adult or
stock-size fish (Figs. 2A and 6A). LTRMP data
for these same species also detected the appar-
ent migration of these fishes into Pool 26, only
lagging by one year. LTRMP data also displays
a significant increase in reproduction (YOY
fish) of these two species starting after the adult
migration in 2000. Only future sampling will
determine if these populations will be sustain-
able in Pool 26.

Our study demonstrates one of the many uses
of long-term monitoring data. The sampling
design of the LTRMP gives a broad spectrum
of data that was useful in assessing population
status. Although the focus of the program is
to allow for the tracking of populations with
CPUE data (e.g., Lubinski et al. 2001), we feel
that other uses of LTRMP data, such as tracking
size (year) classes within species and migra-
tions of new species into an area, can also be
valuable to managers.
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Chapter 4: Evaluating Relationships between Environmental Factors and
the Fish Community in Pool 26 of the Mississippi River

John H. Chick, Lori A. Soeken-Gittinger, Eric N. Ratcliff, Eric J. Gittinger, and
Benjamin J. Lubinski

Abstract: We used data from the Long Term Resource Monitoring Program (LTRMP) to examine
environmental parameters correlated with trends in fish community structure and abundance. Pat-
terns of fish community structure for all size classes did not correlate with LTRMP water quality
data or riverine discharge, but patterns of young-of-the-year (YOY) community structure were
significantly correlated with spring chlorophyll-a (Chl-a), spring discharge, and summer tem-
perature. Significant positive relationships were found between catch-per-unit-effort (CPUE) of
YOY black crappie, sauger, and smallmouth buffalo with discharge. We found multiple regres-
sion models with R? > 0.50 for YOY black and white crappie, channel catfish, largemouth bass,
sauger, and common carp with combinations of these environmental factors and the abundance of
stock-sized fishes (i.e., an index of parental abundance). Multivariate correlations for Age-1 fishes
with environmental factors during the spring and summer of the previous year support our findings
for YOY fishes. The value of these analyses lies primarily in generating hypotheses that can be
addressed with additional monitoring data and focused research projects. Our analyses suggest
that LTRMP data can provide important information on the status and trends of critical natural
resources in the Pool 26 reach of the Upper Mississippi River System (UMRS). The full value of
these data will only be achieved through the continuation of this monitoring program into future
years and decades, combined with focused research projects developed in response to the patterns
observed in the monitoring data.
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Introduction

Long-term ecological monitoring wouldn't be
necessary if ecosystems were simple and in-
habited by only a small number of species with
population dynamics governed by a few key
environmental factors and biotic interactions.
Under these circumstances, theoretical and
empirical research could yield models capable
of accurately predicting the ecosystem and
population responses to the majority of natural
and anthropogenic perturbations. Unfortu-
nately, ecosystems are usually not so simple.
Most ecosystems are inhabited by hundreds or
thousands of species with complex direct and
indirect interactions that form reticulate con-
nection webs rather than simple chains (Polis
1991, Polis and Strong 1996). Many species
exhibit complex life histories so their popula-
tion dynamics are governed by conditions in
multiple habitats and/or ecosystems (Benard
2004). Furthermore, the environmental factors
affecting population and community dynamics
are numerous and interact with species across a
hierarchical array of spatial and temporal scales
(Allen and Hoekstra 1992), often through com-
plex and nonlinear modes (Rhodes et al. 1996).
As a result, ecosystem and resource dynamics
are frequently complex and difficult to predict,
exhibiting threshold behavior and multiple
stable states (Carpenter et al. 1999, Gunder-
son 2000, Scheffer et al. 2001). Attempting

to model or even track the myriad of complex
linkages among the various components of eco-
systems, however, is not practical. Therefore,
management often relies on monitoring data

as a feedback tool, because the large number
of variables capable of affecting the natural
resources they are managing makes it impracti-
cal to rely only on models.

Ideally, sound management of ecosystems
require an adaptive approach (Walters 1986)
where management is conducted as an experi-
ment, modeling is used for prediction and hy-
pothesis generation, and ecological monitoring
is used to assess management success, ground
truth models, and ultimately feedback to refine
management planning. This ideal is rarely
achieved, but managers frequently rely on
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monitoring data to track trends in the natural re-
sources they are concerned with and will adjust
management practices based on these trends.

In doing so, managers are acting in an adaptive
manner, though with a less formalized (and
possibly effective) protocol than would occur
under the ideal model of adaptive management.

Although long-term ecological monitoring is
usually associated with assessing the status and
trends of natural resources, evaluating manage-
ment actions and testing model predictions,
analysis of long-term monitoring data also has
yielded unique and important information about
ecological dynamics. Long-term catch data
from commercial fisheries has provided impor-
tant insights into the population dynamics of
fishes (Hjort 1914, 1926; Le Cren 1987; Cush-
ing 1996; see Chapter 3). Long-term ecologi-
cal data collected in Oneida Lake (New York)
provides an excellent example of the insights
researchers can gain from long-term data.
Analysis of this data set has provided insight
into fish population dynamics (Forney 1971,
Hall and Rudstam 1999), trophic interactions
(McQueen et al. 1992), and the effects of inva-
sive species (Mayer et al. 2000). A search of
the scientific literature (using Current Contents)
from 1993 to 2005 yields 120 publications
with Oneida Lake as a keyword; testament to
the value of long-term data for developing a
successful ecological research program. There
are other examples of long-term data collection
and analysis throughout the world. For ex-
ample, the National Science Foundation in the
United States invests in long-term research and
monitoring through the Long Term Ecologi-
cal Research (LTER) and National Ecological
Observation Network (NEON) programs.

The Long Term Resource Monitoring Pro-
gram (LTRMP) for the Upper Mississippi River
System (UMRS) is also an excellent example
of the value of long-term ecological data. A
component of the Upper Mississippi River
Restoration — Environmental Management
Program, this partnership has provided impor-
tant information on the status and trends of key
natural resources in the UMRS (USGS 1999).
Numerous reports and publications have been
produced by the LTRMP (http://www.umesc.
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usgs.gov/reports_publications/LTRMPp_rep_
list.html) assessing management activities and
questions about ecological dynamics of the
UMRS. Many of these publications report on
additional research that was a “spin-off” of
LTRMP monitoring. In recent years, with over
10 years of consistent data collection for most
LTRMP components, several analysis projects
have been initiated to comprehensively review
LTRMP monitoring findings. This bulletin is
part of this effort. Our objectives for this chap-
ter are to use LTRMP water quality and fish
monitoring data in a cross-component analysis
to determine key water quality parameters that
correspond with temporal variation in the popu-
lations of fishes in navigation Pool 26.

Methods

The previous chapters summarized trends and
other findings from LTRMP water quality and
fish component data collected in Pool 26. Here,
we conduct a cross-component analysis to gain
insight into the function of the Upper Missis-
sippi River ecosystem. Our basic approach is
to ascertain which water quality parameters are
associated with variation in fish populations.
We adopted a rather unique approach for these
analyses, starting with identifying fish commu-
nity patterns, then conducting multivariate cor-
relations of those patterns with environmental
factors. This work was used to identify envi-
ronmental factors with the greatest association
with YOY fish community structure. We then
conducted univariate regression and multiple
regression analyses to further assess relations
among YOY fishes and these environmental
factors. Finally, we conducted similar commu-
nity analyses for Age-1 fishes and water quality
parameters from the previous year, as a check
on our analysis for YOY fishes.

Data Selection

The two main water quality data sets avail-
able are from stratified random sampling and
fixed site sampling (see Chapter 1). Stratified
random sampling (SRS) is designed to provide
pool-wide means across all major strata (e.g.,
main channel, backwaters, etc.). Whereas
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this is a spatially intense sampling design, the
temporal extent is limited to four, two-week
sampling periods throughout the year. Fixed
site sampling has the opposite characteristics.
This data set is temporally rigorous (weekly
to bi-weekly sampling), with limited spatial
coverage. We used annual means from the SRS
data set to correlate to annual means of fishes
from all size classes, and fixed site data from
main channel sites to correlate with YOY fishes
and Age-1 fishes. Fixed site data were further
divided into three-month seasons (e.g., winter =
January — March, Spring = April-June, Summer
= Jul-September, Fall = October—December).

We chose a limited set of water quality vari-
ables for our analysis (Table 1). From the basic
parameters measured, we included water tem-
perature, turbidity, and chlorophyll-a (Chl-a).
We did not include conductivity or dissolved
oxygen, because the range of variation for these
parameters in Pool 26 is limited and unlikely to
be correlated with variation in fish abundance.
Because variables related to water clarity (e.g.,
Secchi depth, suspended solids, and turbid-
ity) are highly correlated in Pool 26 (Chapter
1), we chose to include only turbidity in our
analyses. We included Chl-a because it is the
most direct indicator of primary production
measured by LTRMP. Finally, we also included
annual means of river discharge because flood
and drought conditions should have important
influences on fish populations and communi-
ties. In addition to the annual means for these
variables, we also included the standard error
for discharge, as interannual variation of this
factor may influence fish reproduction, growth,
and survival.

We used the Lubinski et al. (2001) power
analysis to determine the fish species used
in our analysis of all size classes. Species
included were limited to those with power > 0.5
to detect a 20% inter-annual change in CPUE in
at least one stratum for at least one of the gears
included in the analysis (Table 2). The size cri-
teria used to determine YOY and Age-1 fishes
were identical to those in Chapters 2 and 3.
We chose the species included in the YOY and
Age-1 analyses based on our results in Chapters
2 and 3 (see Appendix D). Species were cho-
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Table 1. Water quality parameters used in the cross-component analyses for fishes of all size classes (A), for

YOY fishes (B) and for Age-1 fishes (C). Win = Winter, Spr = Spring, Sum = summer.

A. All Size Classes

B. YOY Fishes

C. Age-1 Fishes

Water Temperature Spr Water Temperature Win Water Temperature
Dissolved Oxygen Spr Turbidity Win Turbidity
Turbidity Spr Chl-a Win Chl-a
Chl-a Spr River Discharge Win River Discharge
River Discharge Spr Discharge error Win Discharge Error
Standard Error Temp Sum Water Temperature Spr Water Temperature
Standard Error Turbidity Sum Turbidity Spr Turbidity
Standard Error Chl-a Sum Chl-a Spr Chl-a
Standard Error discharge Sum River Discharge Spr River Discharge
Sum Discharge error Spr Discharge Error
Sum Water Temperature
Sum Turbidity
Sum Chl-a

Sum River Discharge
Sum Discharge Error

Table 2. List of fish species used in the cross-component analysis of fishes of all size classes, YOY fishes,

and Age-1 fishes.

Common Name Scientific Name All Sizes YOY Age-1
Black crappie Pomoxis nigromaculatus X X X
Bluegill Lepomis macrochirus X X X
Common carp Cyprinus carpio X X X
Channel catfish Ictalurus punctatus X X X
Emerald shiner Notropis atherinoides X

Flathead catfish Pylodictis olivaris X

Freshwater drum Aplodinotus grunniens X X X
Gizzard shad Dorosoma cepedianum X

Largemouth bass Micropterus salmoides X

Orangespotted sunfish Lepomis humilis X

Sauger Sander canadensis X X
Smallmouth buffalo Ictiobus bubalus X X X
Shortnose gar Lepisosteus platostomus X

White bass Morone chrysops X X X
White crappie Pomoxis annularis X X X
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sen that appeared to have the greatest promise
for detecting temporal trends in CPUE with
regard to variation around the annual means
(Table 2). For consistency, the same species
used in the YOY analysis were also included in
the Age-1 analysis.

The flood of 1993 severely restricted the
amount of standardized sampling that could
be completed, therefore we only included data
from 1994 through 2004. Additionally, no SRS
water quality data was collected in 2003 due to
funding cuts. A reduced set of fixed sites was
monitored in 2003, and we chose to include
these data, rather than to further restrict the
number of years used in these analyses.

Analyses

We used a multi-gear approach in putting to-
gether the fish data sets, following the methods
described in Chick et al. (2005). For our analy-
sis of all size classes of fishes, we combined
data from day electrofishing, fyke nets, mini
fyke nets, and large and small hoop nets. Data
were transformed prior to standardization to
reduce the influence of dominant species on
multivariate analyses, and to conform to as-
sumptions of normality and homoscedasticity
for univariate analyses. Dominance diversity
graphs and variance to means ratios were
examined to determine appropriate transforma-
tions. Day electrofishing, fyke net, and large
and small hoop nets data were square-root
transformed, whereas mini-fyke net data were
logarithmically transformed. Data for each
gear were standardized by dividing the trans-
formed mean CPUE for each species and year
by the grand mean of total CPUE for each gear.
The data sets for each gear were then combined
by summing the standardized means for each
species and year (Chick et al. 2005). For YOY
fishes, we used data from day electrofishing,
small hoop nets, and mini-fyke nets, using the
square-root transformation for all gear before
standardizing and combining the data sets.
Data for Age-1 fishes were derived from day
electrofishing, fyke nets, large hoop nets, and
small hoop nets, using the square-root trans-
formation for all gear before standardizing and
combining the data sets.
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Nonmetric multidimensional scaling
(NMDS) was used to examine patterns in the
community structure of fishes (all size classes
and YOY) and in water quality data, based on
the Bray-Curtis similarity matrix. All analyses
were conducted using the SAS (SAS Insti-
tute 2001) and Primer (Primer-E Ltd. 2001)
software packages. Water quality data were
standardized by dividing the annual means of
each parameter by the greatest annual mean
of that parameter. This standardization places
each parameter on an identical scale (from O to
1), allowing for unbiased multivariate analysis.
Multivariate correlations were conducted using
a nonparametric Mantel correlation (Relate
procedure in Primer), and a canonical version
of this test (Bioenv procedure in Primer) was
used to identify the subset of environmental
variables most strongly correlated with com-
munity structure.

Univariate regression analysis was performed
using SAS (proc reg). Simple linear regres-
sions (i.e., one independent variable) were
conducted for YOY fish species and water qual-
ity variables identified in the canonical Mantel
correlation. Regressions that were overly in-
fluenced by one or more outliers (identified by
manually removing outliers) are not reported.
We then conducted multiple regression analyses
using backward selection (a = 0.05) to identify
the model for each YOY species that yielded
the greatest R? from the water quality variables
identified in the canonical Mantel correlation
and the CPUE of stock-sized fish for the cor-
responding YOY species. In these analyses,
CPUE of stock-sized fishes is an index of the
abundance of spawning fishes, and stock size
was determined as in Chapter 3. These analy-
ses are more of an exercise in pattern detection
and hypothesis generation, rather than hypoth-
esis testing. We did not adjust P-values (e.g.,
a Bonferroni technique) to protect experiment
wide error, however; we only report multiple
regression models where R? = 0.50 to reduce
the likelihood of reporting spurious or anoma-
lous regressions.
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Results and Discussion

Patterns among years were apparent in the
NMDS analysis of fish (all sizes) community
structure, but we found little evidence of a cor-
relation of these patterns with environmental
factors. The fish community for the year 1994
was distinct from all other years, and to a lesser
extent, the years 1995, 1996, 2001, and 2002
were also separated from the central grouping
of years (Fig. 1). There were also groupings
evident in the NMDS of SRS water quality
parameters, with the years 1994 and 2000
distinct from other years (Fig. 2). Multivariate
correlations for the fish and water quality data,
however, were not significant (R = 0.064; P =
0.352). Because of the extremely low R statis-
tic, further attempts to correlate environmental
data were not attempted.

The lack of a correlation between annual
means in LTRMP fish data for all sizes, and
annual means in LTRMP SRS water quality
data is not surprising. Annual means of fish
populations as a whole would be unlikely to be
related to water quality conditions within the
same year unless conditions were extreme (e.g.,
anoxic conditions, extreme winter temperature,
catastrophic floods, etc.). For most fishes, pop-
ulation size within a given year will be related
to environmental conditions from previous
years that influenced year-class strength and
subsequent recruitment of offspring. Further-
more, in the case of this data set, the most strik-
ing pattern in the fish community data, the dis-
tinctness of 1994 is likely to be a product of the
1993 flood. As documented in Chapters 2 and
3, the 1993 flood appeared to produce strong
year classes for several species, which appear
to have dominated the populations of several
fishes for multiple years. The lack of LTRMP
water quality sampling throughout most of
1993 restricts analyses of the 1993 flood. It
may be possible to conduct lagged-correlations
with environmental factors in the future when a
longer time series will be available.

Limiting our analyses to YOY fishes allowed
us to identify several environmental factors that
correlate with annual variation of YOY fishes.
Spawning and survival of YOY fishes are
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directly influenced by environmental variation
within the same year. This will be especially
true during the spring and summer, when fish
spawning and YOY growth occur. Data from
LTRMP fixed sites provide an appropriate time
series to correlate with YOY fish data. For
this analysis, it is desirable to have a finer time
series (i.e., weekly or bi-weekly) because vari-
ability in climatic conditions can be impor-
tant to YOY growth and survival. Data from
LTRMP SRS water quality sampling is more
spatially rigorous, but these data are only a
snapshot of seasonal variation.

For YOY fishes, patterns among years were
apparent in our NMDS analysis, and similarity
in YOY fish community structure among years
correlated with similarity in environmental
factors among years. The years 1994, 2000,
and 2002 stood out from all other years in our
NMDS (Fig. 3). Multivariate correlations
between YOY fish community structure and
environmental factors was not significant (R
=0.226; P=0.097), but the R value was great
enough to merit canonical analyses. Canonical
correlations revealed that the greatest associa-
tion of fish community structure occurred for
an environmental data set comprised of spring
Chl-a, spring discharge, and summer tempera-
ture (R = 0.715; Figs. 4-6). Therefore, we used
univariate regression to further explore YOY

fish associations with these factors.
We found significant regressions between

YOY and single environmental factors for
black and white crappie, channel catfish,
smallmouth buffalo and sauger. The posi-
tive relationship between smallmouth buffalo
and discharge may explain the low numbers
of substock buffalo mentioned in Chapter 3.
There have been fewer spring floods in Pool 26
in recent years. Catch per unit effort of YOY
black crappie, smallmouth buffalo, and sauger
was positively related to spring discharge (Fig.
7). Catch per unit effort of YOY channel cat-
fish and white crappie were positively related
to summer temperature (Fig. 8). We found
multiple regression models where R? > 0.50 for
various combinations of stock-size CPUE and
environmental factors for black and white crap-
pie, channel catfish, largemouth bass, sauger,
and freshwater drum (Table 3).

(continued on page 398)
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Figure 1. Nonmetric multidimensional scaling plot for fish community structure in Pool 26. Data were col-
lected through the Long Term Resource Monitoring Program from 1994 to 2004.
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Figure 2. Nonmetric multidimensional scaling plot for water quality data in Pool 26. Data were collected
through the Long Term Resource Monitoring Program from 1994 to 2004.
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Figure 3. Nonmetric multidimensional scaling plot for YOY fish community structure in Pool 26. Data
were collected through the Long Term Resource Monitoring Program from 1994 to 2004.
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Figure 4. Nonmetric multidimensional scaling plot for YOY fish community structure in Pool 26.
Bubble size corresponds to increasing spring discharge. Data were collected through the Long Term
Resource Monitoring Program from 1994 to 2004.
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Figure 5. Nonmetric multidimensional scaling plot for YOY fish community structure in Pool 26.
Bubble size corresponds to increasing springtime chlorophyll-a concentration. Data were collected
through the Long Term Resource Monitoring Program from 1994 to 2004.
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Figure 6. Nonmetric multidimensional scaling plot for YOY fish community structure in Pool 26.
Bubble size corresponds to increasing summer temperature. Data were collected through the Long Term
Resource Monitoring Program from 1994 to 2004.
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Figure 7. Linear regressions of YOY black crappie, sauger, and smallmouth buffalo with
spring discharge. Data were collected through the Long Term Resource Monitoring Program
from 1994 to 2004.
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Figure 8. Linear regressions of YOY channel catfish and white crappie with summer temperature.
Data were collected through the Long Term Resource Monitoring Program from 1994 to 2004.
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Table 3. Summary of multiple regression results for CPUE of YOY fishes versus stock abundance (stock
size) and environmental parameters. Values for stock size and environmental variable are the model param-
eter estimates. Xs are placed for parameters not selected in the final model.

Dependent Var (Y) Stock Size Spring Chl-a  Spring Discharge Summer Temp R?
YOY Bluegill X X X X

YOY Black crappie -0.049 X 0.069 0.057 0.5
YOY Common carp X X X X

YOY Channel catfish X 0.631 1.02 9.652 0.62
YOY Freshwater drum X -0.862 -1.582 5.319 093
YOY Gizzard shad X X X X

YOY Largemouth bass 0.376 -0.072 X 0.354 0.66
YOY Sauger 0.189 -0.067 0.076 X 0.7
YOY Smallmouth buffalo X X X X

YOY White Bass X X X X

YOY White Crappie 0.205 -0.042 X 0.262 0.72

Environmental conditions during the winter
and the overall growth and condition of larvae
before the onset of winter are thought to criti-
cally influence survival of YOY fishes to Age
1. Our canonical multivariate correlations of
Age-1 fish revealed the strongest correlations
(R =0.605) with a combination of the previous
year’s spring discharge, spring discharge error,
summer temperature, and summer discharge
error, supporting our YOY analysis. Given
that several studies (Johnson and Evans 1996,
Garvey et al. 1998a, 1998b, Pangle et al. 2004)
have pointed to the importance of over-winter
conditions to the survival of YOY fishes, it is
somewhat surprising that no winter variables
correlated with the abundance of Age-1 fishes.
In Pool 26, the overall growth and condition
of larvae before the onset of winter, which are
influenced by environmental factors such as
spring discharge and summer temperature, may
be more important to survival of fishes to Age 1
then conditions during the winter itself.

From research on the factors controlling year
class strength and recruitment of fishes, it is
possible to devise ecological explanations for
our regression results. Many riverine fishes use
floodplain habitats for spawning, and increased
flooding increases the availability of floodplain
spawning and nursery habitat, so we should ex-
pect positive associations with YOY abundance
and spring discharge (Welcomme 1985). For
fishes spawning in open water (e.g., freshwater
drum), negative associations with discharge
might be expected because floods can wash

eggs and larval fish out of the system or into
undesirable habitats. We might expect positive
associations of YOY abundance with summer
temperature, because increased temperature
should increase YOY growth, which is thought
to be a critical factor for survival (Houde
1987). The consistent negative associations of
YOY abundance with springtime Chl-a (Fig.

9; Table 1) is a bit more puzzling. Zooplank-
ton, an important prey item for YOY fishes,
may influence this relationship because greater
populations of zooplankton could reduce algae
populations (lower Chl-a) through grazing and
simultaneously increase the growth of YOY
fishes. Increased levels of Chl-a also might
adversely affect the ability of YOY fishes to see
prey items, but turbidity should be a better indi-
cator of water clarity. Hypoxic conditions from
algal blooms also is an unlikely explanation
because we rarely detect hypoxic conditions in
Pool 26 (see Chapter 1).

We do not suggest that the results of our
analyses provide strong inferences into any
cause and effect relationships. Instead, we
see the value of our analyses in their use for
hypothesis generation for future investigations.
The next steps would be to include data from
other LTRMP regional trend areas, and to look
toward improving our criteria for categorizing
fish as YOY by developing length at age keys
through the analysis of otoliths or scales col-
lected from fishes in these areas. Additionally,
we feel the real value of these analyses will be
realized 5, 10, or 20 years from now when they
can be repeated with the additional LTRMP data.
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Conclusions

Patterns of fish community structure did not
correlate with LTRMP water quality data or riv-
erine discharge when all size classes of fishes
were grouped together. Community structure
of YOY fishes was significantly correlated with
spring Chl-a, spring discharge, and summer
temperature. We found multiple regression
models with R>> 0.50 for YOY black and
white crappie, channel catfish, largemouth bass,
sauger, and common carp with combinations of
these environmental factors and the abundance
of stock-sized fishes (i.e., an index of paren-

tal abundance). Multivariate correlations for
Age-1 fishes with environmental factors during
the spring and summer from the previous year
support our findings for YOY fishes. The value
of these analyses lies primarily in generating
hypotheses that can be addressed by repeating
these analyses with monitoring data from other
reaches, monitoring data from future years, and
through focused research projects.
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Key Findings from a Decade of Monitoring on Pool 26 of the Upper Mississippi River

* We estimate that annual expenditures of $84 and
$55 million are made for fishing and hunting, respec-
tively, in the region surrounding Pool 26 based on

license sales and state expenditure data from the U.S.

Fish and Wildlife Service. (Chapter 1)

* Pool 26 is a highly productive river reach, with
average chorophyll-a, total phosphorous, total
nitrogen, and total inorganic solids that are compa-
rable to levels in eutrophic to highly eutrophic lakes.
(Chapter 1)

* The average current velocity in the main chan-
nel of the Mississippi River in Pool 26 range from
0.364-0.414 meters per second during the summer
and fall; even during the lowest discharge levels in
a year the reach has a residence time no longer than
2.7 days. (Chapter 1)

* Discharge was significantly related to many water
quality parameters, including Secchi depth, turbidity,
total suspended solids, total nitrogen, nitrate-nitrite,
and total phosphorus. (Chapter 1)

* We observed a significant linear increase in mean
water temperature in the main channel from 1994
to 2004. When these data were analyzed by season,
positive linear trends were found during the spring
(0.515 °C per year) and fall (0.646 °C per year).
(Chapter 1)

* Gizzard shad, emerald shiner, common carp, chan-
nel shiner, channel catfish, freshwater drum, and
bluegill accounted for 75% of the numerical total
catch. (Chapter 2)

* Cyprinids were the best represented family in Pool
26, with 27 species collected. (Chapter 2)

* Blue catfish CPUE has increased dramatically
beginning in 2000, possibly related to the increase
in water temperature observed by the water quality
component. (Chapter 2)

* Common carp decreased throughout the time
series, which appears to be a systemic trend (i.e.,
across all LTRMP reaches). (Chapter 2)

* LTRMP data were also useful for detecting the
spread of exotic species into Pool 26, such as the
population explosion of bighead and silver carp dur-
ing the study period. (Chapter 2)

* Several species, including largemouth bass, black
crappie, white bass, and common carp, produced
strong year classes during the flood of 1993. (Chap-
ter 2)

* We found little evidence to suggest that commer-
cial fishing is severely reducing fish populations in
Pool 26 of the Mississippi River. (Chapter 3)

e Catch Per Unit Effort of stock-size fish of most
commercially harvested species has increased or
maintained relatively consistent numbers from
1994-2003. (Chapter 3)

* One potential point of concern was a significant
decrease in the CPUE of substock-size buffalo.
(Chapter 3)

* Patterns of fish community structure for all size
classes did not correlate with LTRMP water qual-
ity data or riverine discharge, but patterns of YOY
community structure were significantly correlated
with spring Chl-a, spring discharge, and summer
temperature. (Chapter 4)

» Significant positive relationships were found
between CPUE of YOY black crappie, sauger, and
smallmouth buffalo with discharge. (Chapter 4)

» We found multiple regression models with R* >
0.50 for YOY black and white crappie, channel
catfish, largemouth bass, sauger, and common carp
with combinations of spring Chl-a, spring discharge,
summer temperature, and the abundance of stock-
sized fishes (i.e., an index of parental abundance).
(Chapter 4)

* Multivariate correlations for Age-1 fishes with
environmental factors during the spring and summer
from the previous year support our findings for YOY
fishes. (Chapter 4)

* Our analyses suggest that LTRMP data can provide
important information on the status and trends of
critical natural resources in the Pool 26 reach of the
UMRS. The full value of these data will only be
achieved through the continuation of this monitoring
program into future years and decades, combined
with focused research projects developed in response
to the patterns observed in the monitoring data.
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EPILOGUE: Is Long-term Ecological Montoring Possible?

John H. Chick

The U.S. Congress recognized the Upper Mis-
sissippi River System (UMRS) as a nationally
significant ecosystem and transportation system
in the 1986 Water Resources Development Act
(WRDA). They showed proper stewardship for
the resources of the UMRS by establishing the
Upper Mississippi River Restoration Environ-
mental Management Program (UMRR-EMP) to
conduct habitat enhancement and rehabilitation
projects, and in authorizing the Long Term Re-
source Monitoring Program (LTRMP) to track
ecosystem health and serve as an early warn-
ing system. Unfortunately, the funding that is
actually allocated to the UMRR-EMP each year
does not appear to be in line with the goals and
values put forth in the 1986 and 1999 WRDA
bills. In fact, inadequate funding has seriously
impaired construction of habitat projects by the
UMRR-EMP and forced reductions in LTRMP
monitoring and research. The partnership of
state and federal managers and scientists that
make up the LTRMP have responded to these
challenges through strategic planning, im-
provements to efficiency, and by incorporating
other funding sources into the program when
possible. I am hopeful that we will continue

to meet budgetary challenges into the future,
but also recognize that budgetary constraints
are the biggest obstacle to maintaining a viable

long-term monitoring program of any sort.

Ten or 12 years of consistent monitoring are
hardly long enough to truly be considered “long
term.” I sincerely hope that this bulletin will be
useful in informing natural resource managers,
decision makers, and the general public about
the value of LTRMP data. The LTRMP stands
as a testament to both the value of long-term
data and the difficulties associated with main-
taining support for gathering these data. By
examining LTRMP trends in Pool 26, we may
raise awareness and interest in the program
from the local community. Chapter 1 presents
economic and ecological information, such as
the use of the Mississippi River as a source of
drinking water and the estimated expenditures
on recreational fishing and hunting that many
in the region likely are unaware of. Addition-
ally, the warming trend found for main chan-
nel water temperature in the spring and fall is
informative and raises questions. Is this trend
a short-term one, or are we seeing effects of
global climate change? Even information as
simple as the variety of fishes that live within
Pool 26 will be new information for the general
public. Therefore, we are hopeful that this
bulletin will not only be useful for scientists
and river managers, but also for increasing the
awareness and visibility of the LTRMP among
the general public in the Pool 26 region.
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Appendix A: Sample Sizes for Yearly Graphs

Sample sizes: Yearly means, temperature.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 78 154 130 53
1995 80 166 155 60
1996 80 163 150 60
1997 80 148 161 60
1998 80 169 175 59
1999 80 169 140 60
2000 80 153 140 50
2001 79 169 161 56
2002 60 126 108 45
2003* 0 0 0 0
2004 65 130 149 54

*sampling not conducted in 2003

Sample sizes: Yearly means, dissolved oxygen.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 78 154 129 53
1995 80 166 155 60
1996 75 156 148 60
1997 80 148 161 60
1998 80 169 175 59
1999 80 169 140 60
2000 80 153 140 50
2001 79 169 161 56
2002 60 126 108 45
2003* 0 0 0 0
2004 65 130 149 54

*sampling not conducted in 2003

Sample sizes: Yearly means, Secchi depth.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 78 147 130 53
1995 80 166 154 50
1996 80 163 150 60
1997 80 48 161 60
1998 79 169 175 59
1999 77 162 139 60
2000 78 153 137 41
2001 79 169 156 56
2002 60 126 107 45
2003* 0 0 0 0
2004 65 130 149 54

*sampling not conducted in 2003
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Sample sizes: Yearly means, turbidity.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 75 153 129 48
1995 80 166 155 60
1996 80 162 150 60
1997 80 148 161 60
1998 79 166 175 59
1999 79 168 140 60
2000 80 153 140 50
2001 79 169 160 56
2002 60 126 108 45
2003* 0 0 0 0
2004 65 130 149 54

*sampling not conducted in 2003

Sample sizes: Yearly means, suspended solids.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 75 151 129 53
1995 71 147 138 53
1996 60 126 116 45
1997 80 148 161 59
1998 79 165 175 59
1999 80 169 140 60
2000 74 144 140 50
2001 79 169 160 56
2002 59 125 108 31
2003* 0 0 0 0
2004 65 129 149 54

*sampling not conducted in 2003

Sample sizes: Yearly means, total nitrogen.

Year Main Channel Side Channel Backwaterl mpounded
Contiguous

1994 43 77 70 28
1995 43 87 88 34
1996 44 88 82 32
1997 44 82 91 32
1998 48 94 102 31
1999 46 93 85 33
2000 28 52 52 17
2001 27 56 52 19
2002 21 41 41 15
2003* 0 0 0 0
2004 23 44 49 18

*sampling not conducted in 2003
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Sample sizes: Yearly means, nitrate-nitrite nitrogen.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 43 77 41 28
1995 43 88 42 35
1996 44 88 49 32
1997 44 82 72 32
1998 48 94 88 31
1999 46 93 85 33
2000 29 50 20 17
2001 27 56 28 17
2002 21 40 23 15
2003* 0 0 0 0
2004 21 42 26 15

*sampling not conducted in 2003

Sample sizes: Yearly means, total phosphorous.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 43 77 71 28
1995 43 88 88 35
1996 33 66 67 24
1997 44 82 91 32
1998 48 94 102 31
1999 48 93 86 33
2000 28 52 52 17
2001 27 56 56 19
2002 21 42 41 15
2003* 0 0 0 0
2004 23 44 47 18

*sampling not conducted in 2003

Sample sizes: Yearly means, soluble reactive phosphorous.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 40 66 57 21
1995 43 83 69 25
1996 44 87 70 30
1997 39 68 67 17
1998 48 94 102 31
1999 36 70 60 24
2000 24 43 44 14
2001 27 55 49 13
2002 21 38 32 11
2003* 0 0 0 0
2004 21 42 39 15

*sampling not conducted in 2003
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Sample sizes: Yearly means, chlorophyll-a.

Year Main Channel Side Channel Backwater Impounded
Contiguous
1994 75 155 129 53
1995 80 166 146 60
1996 78 162 149 60
1997 80 147 161 59
1998 79 166 175 59
1999 80 169 140 60
2000 80 152 140 50
2001 78 169 158 56
2002 60 125 108 45
2003* 0 0 0 0
2004 65 130 150 54

*sampling not conducted in 2003
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Sample Sizes — Seasonal means: temperature.

Month/Episode
January
Jan—-Feb SRS
February
March

April
Apr—May SRS
May

June

July

July—Aug SRS
August
September
October
Oct—Nov SRS
November
December

Main Channel

25
182
34
39
44
200
39
51
43
200
40
42
39
200
40
37

Side Channel*

332

420

418

418

*Side channels not sampled in fixed site sampling

Sample Sizes— Seasonal means: dissolved oxygen.

Month/Episode
January
Jan—-Feb SRS
February
March

April
Apr—May SRS
May

June

July

July—Aug SRS
August
September
October
Oct—Nov SRS
November
December

Main Channel

25
182
34
39
44
200
39
51
43
195
40
42
39
200
40
37

Side Channel*

332

420

411

418

*Side channels not sampled in fixed site sampling
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Backwater Contiguous
25
279
33
48
60
431
55
62
50
388
39
39
35
406
43
32

Backwater Contiguous
26
278
30
47
60
431
55
62
50
386
39
39
35
406
43
32
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Impounded
26
123
33
43
47
150
47
53
46
149
47
57
44
150
49
44

Impounded
26
123
33
43
47
150
47
53
46
149
47
57
44
150
49
44
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Sample sizes— Seasonal means. pH.

Month/Episode Main Channel Side Channel*

January 24
Jan—-Feb SRS 162 302
February 34
March 39
April 42
Apr—May SRS 188 387
May 38
June 49
July 43
July—Aug SRS 200 419
August 40
September 42
October 39
Oct-Nov SRS 196 401
November 39
December 36

*Side channels not sampled in fixed site sampling
Sample Sizes: Seasonal means, conductivity.

Month/Episode Main Channel Side Channel*

January 25
Jan—Feb SRS 182 332
February 34
March 39
April 44
Apr—May SRS 200 420
May 39
June 51
July 43
July—Aug SRS 197 411
August 40
September 42
October 39
Oct-Nov SRS 200 418
November 40
December 37

*Side channels not sampled in fixed site sampling

Backwater Contiguous

25
237
33
47
57
361
51
60
50
388
39
39
35
402
40
32

Backwater Contiguous

25
279
33
48
60
431
55
62
50
386
39
39
35
405
43
32

409

Impounded
26
113
33
38
47
131
41
51
46
149
47
57
44
150
49
42

Impounded
24
123
33
43
47
150
47
53
46
149
47
57
44
150
49
44
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Sample Sizes: Seasonal means, Secchi depth.

Month/Episode
January
Jan—-Feb SRS
February
March

April
Apr—May SRS
May

June

July

July—Aug SRS
August
September
October
Oct—Nov SRS
November
December

Main Channel

22
181
34
38
44
200
37
49
42
198
39
42
39
197
39
36

Side Channel*

322

420

419

414

*Side channels not sampled in fixed site sampling

Sample Sizes: Seasonal means, turbidity.

Month/Episode
January
Jan—-Feb SRS
February
March

April
Apr—May SRS
May

June

July

July—Aug SRS
August
September
October
Oct—Nov SRS
November
December

Main Channel

25
180
34
38
44
200
39
51
42
198
40
43
39
199
40
35

Side Channel*

329

420

416

418

*Side channels not sampled in fixed site sampling
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Backwater Contiguous
24
272
34
46
60
428
55
62
50
387
38
39
35
407
43
42

Backwater Contiguous
26
279
34
47
61
430
55
61
48
388
39
39
34
406
44
32
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Impounded
24
113
33
43
47
150
47
51
45
140
47
57
44
150
49
43

Impounded
26
123
33
44
47
150
47
53
46
144
47
57
44
150
49
44
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Sample sizes: seasonal means, suspended solids.

Month/Episode
January
Jan—-Feb SRS
February
March

April
Apr—May SRS
May

June

July

July—Aug SRS
August
September
October
Oct—Nov SRS
November
December

Main Channel

21
160
27
30
43
199
38
51
41
189
38
43
36
184
37
35

Side Channel*

289

418

399

383

*Side channels not sampled in fixed site sampling

Sample sizes: seasonal means, total nitrogen.

Month/Episode
January
Jan—-Feb SRS
February
March

April
Apr—May SRS
May

June

July

July—Aug SRS
August
September
October
Oct—Nov SRS
November
December

Main Channel

21
87
31
34
42
96
37
51
43
94
40
42
39
101
39
36

Side Channel*

150

192

196

197

*Side channels not sampled in fixed site sampling

Backwater Contiguous

16
245
25
31
54
430
51
62
48
370
38
38
32
386
41
30

Backwater Contiguous

18
147
29
36
53
204
51
62
50
181
39
36
35
197
43
31

411

Impounded
21
108
23
31
41
135
44
53
43
142
44
57
40
142
45
40

Impounded
23
57
29
37
40
68
45
53
45
68
46
53
44
74
48
42
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Sample sizes: seasonal means, nitrate-nitrite nitrogen.

Month/Episode Main Channel Side Channel* Backwater Contiguous Impounded

January 21 15 23
Jan—Feb SRS 86 146 81 55
February 28 27 29
March 33 33 37
April 41 50 40
Apr-May SRS 96 193 177 68
May 37 49 47
June 47 56 53
July 40 41 45
July—Aug SRS 94 195 107 67
August 37 30 45
September 40 29 52
October 37 30 43
Oct—-Nov SRS 101 198 123 73
November 35 38 46
December 33 30 44

*Side channels not sampled in fixed site sampling
Sample sizes: seasonal means, total phosphorous.

Month/Episode Main Channel Side Channel* Backwater Contiguous Impounded

January 21 18 23
Jan—Feb SRS 88 151 147 58
February 31 29 29
March 34 36 37
April 43 54 41
Apr-May SRS 96 193 205 68
May 37 51 45
June 51 62 53
July 43 49 45
July—Aug SRS 95 196 184 68
August 40 39 46
September 42 36 53
October 39 35 44
Oct-Nov SRS 90 175 182 66
November 39 43 48
December 36 31 42

*Side channels not sampled in fixed site sampling
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Sample sizes: seasonal means, soluble reactive phosphorous.

Month/Episode
January
Jan—-Feb SRS
February
March

April
Apr—May SRS
May

June

July

July—Aug SRS
August
September
October
Oct—Nov SRS
November
December

Main Channel

17
81
25
32
36
88
37
49
41
96
38
41
37
89
37
30

Side Channel*

130

171

193

174

*Side channels not sampled in fixed site sampling

Sample sizes: seasonal means, chlorophyll-a.

Month/Episode
January
Jan—-Feb SRS
February
March

April
Apr—May SRS
May

June

July

July—Aug SRS
August
September
October
Oct—Nov SRS
November
December

Main Channel

14
177
19
15
25
200
20
28
23
199
22
24
22
191
22
20

Side Channel*

326

418

421

398

*Side channels not sampled in fixed site sampling

Backwater Contiguous

12
103
28
31
50
165
50
60
46
182
37
35
33
157
39
26

Backwater Contiguous

6
279
11
16
24
439
21
27
24
384
13
16
15
390
15
12

413

Impounded
20
46
28
37
37
53
44
48
38
49
38
54
43
61
49
42

Impounded

6
123
9
14
18
149
19
19
19
168
21
21
18
143
20
17
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Appendix D: Further Details on Statistical Analyses

Calculation of Means

Both the fish and water quality components

of LTRMP use a stratified random sampling
design to allow for the calculation of pool-
wide means, properly weighted across aquatic
areas (i.e., major habitat types, strata). Ickes

et al. (2005) and Lubinski et al. (2001) provide
further details on the stratified random design
for both components, and we will summarize
how the design works for the fish component in
Pool 26. The entire aquatic area of Pool 26 is
partitioned into 50-m? sampling grids, and these
grids are categorized by the following strata
(Table 1): main channel border unstructured
(MCB-U), main channel border structured
(MCB-S; i.e., wing dams), contiguous backwa-
ter shoreline (BWC-S), impounded shoreline
(IMP-S), and side channel border (SCB). To
generate means for a single strata, it is appro-
priate to calculate simple arithmetic means. To
generate pool-wide means, it is necessary to use

the appropriate mean and variance estimators
for stratified random designs (Cochran 1977).
In SAS (SAS for Windows Version 8.02),
proc surveymeans can be used to generate
appropriate pool-wide means for a stratified
random design. Throughout this bulletin,
we calculated pool-wide means using proc
surveymeans, weighting by the total number
of sampling 50-m? grids in each strata (Table
1). We used the same total number of sampling
grids within each strata for each year from
1994 to 2004. Below is a SAS program that
will calculate annual pool-wide means of catch-
per-unit-effort for largemouth bass from day
electrofishing data collected in Pool 26. This
program assumes you have already downloaded
the LTRMP day electrofishing data for Pool
26 from 1994 through 2004, and that you have
created a SAS data set including the following
variables: barcode, strata, date, pool, effort,
speciescode, catch.

Table 1. The total number of 50-m? sampling grids in each of the five strata defined for stratified random

sampling of fishes in Pool 26.

Strata Number of 50-m?sampling grids
MCB-U 3199
MCB-S 7
BWC-S 764
IMP-S 172
SCB 5671
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SAS Program

data stratatotal; *this creates a data set of strata weights for each year;
input strata $ _total_;

do year=1994 to 2004 by 1; do period=1 to 3 by [; output; end; end;
datalines;

MCB-U 3199

MCB-S 7

SCB 5671

BWC-S 764

IMP-S 172

run;

Proc sort;
by year strata;
run;

data all; *this data step creates a year variable from date, and creates a
variable ‘larbas” for proper enumeration of largemouth bass;
set pool26bass;
year = year(date);
larbas = 0; *this creates zero catches for each sample;
if spec = 'LMBS' then larbas = catch;
run;

proc sort;
by barcode;
run;

proc means noprint; *creates a data set with the total number of largemouth
bass captured in each sample;
by barcode;
var larbas;
id pool year effort strata;
output out=steptwo sum=;
run;

data calccpue; *converts the raw counts to CPUE;
set steptwo;
larbas = larbas * effort/15;

run;

Proc sort data = calccpue;
by year strata;

run;

ods listing close;

Vol. 39 Art.6
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proc surveymeans data=calccpue total=stratatotal; *creates proper strata
weights accounting for
different numbers of samples
each year;
stratum strata / list;
var larbas;
by year;
ods output Statistics=Stats;
ods output Stratainfo=Stratainfo;
run;
ods listing;

data cleanrate;

set Stratainfo;

keep year strata rate;
run;

proc sort data=cleanrate;
by year strata;
run;

data itsallhere;

merge calccpue cleanrate;
by year strata;
sweight = 1/(3*rate);

run;

ods listing close;
proc surveymeans data=itsallhere total = stratatotal; *calculates pool-wide
means;
stratum strata;
weight sweight;
var larbas;
by year;
ods output Statistics = mydata;
run;
ods listing;

proc print data = mydata;
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run;
Defining Age Groups Based on Length

For monitoring programs that sample all sizes
of fishes, it is useful to be able to identify
young-of-the-year (YOY) fishes. Several
standard texts provide length criteria for ap-
proximating a cut-off (i.e., maximum length)
for YOY fishes (e.g., see references in Barko et
al. 2005). For this bulletin, we chose to define
cut-off lengths for designating fishes as YOY
using the Von Bertalanffy growth equation
(Busacker et a. 1990) as a starting point, and
refining the cut-off through graphical analysis
of LTRMP le?gth daL; ;L;[l _“e_K('r—rD?"}/
growth equation is:
where: Lt = length at age t

Loo = maximum (asymptotic) length

K = growth coefficient

t,= the age at size =0
We used parameter estimates (K, Loo) reported
on fishbase (www.fishbase.org) to estimate
length at Age 1. We then refined a cut off
length, above or below the Von Bertalanffy es-
timate, by graphing LTRMP data on the length

Vol. 39 Art.6

of all individuals of a species captured in a year
by day for all LTRMP sampling gear (e.g., Fig.
1). The YOY cohort is usually readily identifi-
able when LTRMP data are graphed this way.
Adjusting the Von Bertalanffy estimate in this
way is desirable for at least two reasons: 1)
because growth and the size a given species of
fish reaches at Age 1 should vary geographical-
ly and from system to system, and 2) the length
distribution of fishes captured by LTRMP

will have unavoidable biases associated with
size-specific sampling biases of gear. For each
species, we examined graphs for five or more
years to determine a cut -off length which
would best minimize inclusion of Age-1 fishes
but include the majority of YOY fishes (Fig.

1). There will certainly be some misidentifica-
tions using this method but the vast majority of
YOY fishes identified this way should be YOY
fishes. We feel analyses of LTRMP data for
YOY fishes identified through this technique
can provide valuable information regarding
abundance and growth of YOY fishes. For
identification of Age-1 fishes, we included all
fishes with lengths greater than or equal to the
YOY cut-off, but less than the length at Age-2
estimated from the Von Bertalanffy growth

Table 2. Length criteria in millimeters of total length (TL) used for categorizing fishes as young-of-the-year
(YOY) or Age-1. Note that YOY fishes were categorized as those less than the length criteria, not less than

or equal to the length criteria.

Common Name Scientific Name YOY Age 1
Bighead carp Hypopthalmichthys nobilis <230

Black crappie Pomoxis nigromaculatus < 80 80 <TL < 150
Blue catfish Ictalurus furcatus < 140

Bluegill Lepomis macrochirus <60 60 <TL < 105
Common carp Cyprinus carpio < 140 140 < TL < 280
Channel catfish Ictalurus punctatus < 100 100 =TL <210
Freshwater drum Aplodinotus grunniens < 150 150 < TL < 280
Gizzard shad Dorosoma cepedianum <120 120 = TL < 140
Grass carp Ctenopharyngodon idella <210

Largemouth bass Micropterus salmoides < 100 100 < TL < 200
Sauger Sander canadensis < 150 150 < TL < 230
Silver carp Hypopthalmichthys molitrix <200

Smallmouth buffalo Ictiobus bubalus < 150 150 < TL < 280
White bass Morone chrysops < 150 150 < TL < 220
White crappie Pomoxis annularis <90 90 <TL < 180
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Figure 1. Two examples of cut-off lengths used to define YOY fishes. Length at date (for clarity,
fish > 250 mm are not shown) for all channel catfish (A) and gizzard shad (B) captured during
LTRMP monitoring (all gear) of Pool 26 in 1995 (A) and 1999 (B). The size of the bubbles
reflects the number of individuals captured for a particular length and date. The solid line repre-
sents the length at Age 1 identified through that Von Bertalanffy growth equation, and the dashed
line represents the YOY cut-off length chosen for each species.



420 Illinois Natural History Survey Bulletin Vol. 39 Art.6

equation (Table 2).
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