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Avoid and Minimize
Environmental Impacts Program
St. Louis District - Mississippi Valley Division
2002-2003 Progress Report

Executive Summary

The St. Louis District agreed to establish an Avoid and Minimize Program
(A&M) in 1992 to reduce possible environmental impacts of increased navigation traffic
due to construction of a second lock at Melvin Price Locks and Dam. Full-scale
implementation of the program began in 1996. Expenditures in the program total roughly
$1 million a year. Direction of the program is coordinated through the River Resource
Action Team, which consists of state, federal and private partners in both natural
resources and industry. Each year, a progress report detailing A&M activities during the
past year is released. The current progress report covers two fiscal years because of the
low level of funding, and consequently, program activity in 2002.

Construction efforts in 2002 were non-existent due to a lack of funding. In 2003,
construction consisted of partial funding for the completion of the alternating hardpoints
in Santa Fe Chute, a side channel in the lower portion of the open river where A&M
funds had previously been expended for micro-modeling and construction.

Biological monitoring work continued on the chevron dike fields in Pools 24 and
25, the multiple roundpoint structures(MRS), also in Pool 25, and monitoring was
initiated at the chevron dike field in Pool 26. Results from the surveys are showing that
fish are using the chevron dike structures as over-wintering and nursery habitat. Fifty-
one species have been collected while sampling in conjunction with the structures in Pool
24 since monitoring was initiated. One new species was documented in association with
the Pool 25 MRS in 2002, bringing the total number of fish species collected during the
sampling to 24. Six additional species were collected in 2003 bringing the total number
of species collected during sampling to 30. Prior years collections have included the blue
sucker, an uncommon species in the Mississippi River. This species was collected at the
MRS in 2002 and 2003.

Three chevron dikes were constructed in Pool 25 between June, 1998 and March,
1999. While data collected on the Pool 24 chevrons showed use by a variety of species
throughout the warmer seasons of the year, no attempts had been made to assess use by
over-wintering fishes. The area behind the dikes in Pool 25, considered off-channel
habitat because it provides shelter from the river current except at higher river flows, was
sampled using hydroacoustics, gill nets, deep water electro-fishing, deep water purse
seining and deep water trawling. Hydroacoustic sampling was initiated in August, 1999,
and concluded in December, 2002. This effort included three summer samples and three
winter samples. Gill netting was conducted in December 2001, and deep water electro-
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fishing, deep water purse seining and deep water trawling were conducted in December,
2002. Physical parameters, including velocity and bathymetry data were also collected
from 1999 through 2001. The initial year of sampling at the chevron dike field in pool
26, river mile 226, was conducted in July 2003. Based upon the data collected during
these sampling efforts, chevron dikes appear to be providing valuable over-wintering
habitat for a variety of fish species, particularly young fish, those most vulnerable to
winter mortality. Chevron dikes provide an alternative to traditional wing dikes, and
provide important habitat components in the life histories of many riverine fishes.

Fieldwork to assess the impacts of EPM was completed in 2002 with a final report
received in early 2003. The data collected over the course of the monitoring has covered
two extreme years (one high flow and one low flow) and one year that was considered
“average”. The final report provides several water management regimes that can be
implemented depending upon the spring and early summer hydrograph for a given year
and the impacts that each regime may have on a variety of parameters.

The District began placing wood structures in the middle Mississippi River in July
and August 2001. Twelve log bundles were placed in Calico chute (R.M. 148.3 (L) —
147.3 (L)). Three sites were monitored in 2003 to assess both the biological benefits of
the wood placement and the potential of using woody structures for river training. The
wood structures are expected to increase habitat diversity by providing attachment sites
for aquatic invertebrates in areas of otherwise unstable substrates, and habitat for a
variety of fish of various sizes. Preliminary data suggests that the placement of bundles
and driving of piles will achieve the desired objectives.

Post construction monitoring of a dike modification site at river mile 53.0(L) was
conducted in February, 2002. The dike was modified in 2000 by lowering 300 feet of the
river end to -15, LWRP, which coincides with the top elevation of weirs in the open river.
Prior to construction, the site was considered excellent over-wintering habitat, especially
for shovelnose sturgeon. Fish samples collected in 2000 and 2001 were dominated by
shovelnose, but also included paddlefish, blue catfish, and flathead catfish. The 2002
sample was again dominated by shovelnose sturgeon, but also included paddlefish, blue
catfish and a pallid sturgeon (.an Endangered Species), for a total of 45 fish of the four
different species. The 2000 and 2001 samples contained 126 fish of seven species and
123 fish of seven species, respectively. Although the size and configuration of the deep
water “hole” behind the dike/weir has changed appreciably, it still provides some good
over-wintering habitat.



Avoid and Minimize
Environmental Impacts Program
St. Louis District - Mississippi Valley Division
2002-2003 Progress Report

In October 1992, the St. Louis District issued Design Memorandum No. 24,
“Avoid and Minimize Measures, Melvin Price Locks and Dams, Upper Mississippi River
- Missouri and Illinois”. The document was developed as a commitment made in the
1988 Record of Decision attached to the Melvin Price Locks and Dam Environmental
Impact Statement for the Second Lock. St. Louis District set aside funds from 1989 to
1995 to implement eight elements recommended by the study team. Implementations of
measures in that part of the program were detailed in the 1995 Progress Report. In fiscal
year 1996, O&M funds were received to begin full-scale implementation of
recommended measures. The planning and implementation team consists of staff from
the US Army Corps of Engineers, U.S. Fish and Wildlife Service (FWS), Illinois
Department of Natural Resources (IDNR), Missouri Department of Conservation
(MDOC), River Industry Action Committee (RIAC), and the Long Term Resource
Monitoring Field Station (LTRM/MDOC) at Jackson, Missouri. Each group contributes
staff time to plan and attend meetings and may collect data as part of an ongoing
monitoring program. This team meets at least once a year, recently as members of the
RRAT Team, to discuss ongoing work and plan future work. Outside of these meetings
the St. Louis District routinely corresponds with the team to coordinate monitoring and
solicit ideas and input.

The A&M program has produced a yearly progress report since 1995. However,
due to the severe funding shortfall in 2002, no annual report was prepared. The annual
appropriation for the program that year was $148,000, but increased to $684,000 in 2003.
Consequently, this report details project activities over the past two years (2002,2003)
and describes expected activities in the upcoming year (2004). Many of the program
activities occur over several years. Copies of the previous years’ reports, and Design
Memorandum No. 24, are available from the St. Louis District.

2002-2003 A&M Program Activities

A&M 1. 2002-2003 Construction. Construction activities were curtailed in 2002
due to the extremely low funding level for the program. Construction resumed in 2003
with the final construction of hardpoints and placement of revetment in Santa Fe Chute, a
side channel in the open river. Santa Fe Chute was originally micro-modeled as part of
the A&M program in 1996, to determine what configuration of river training structures
might provide the greatest diversity of habitats, while protecting the off-channel habitat
and physical integrity of the chute as a side channel. Based upon a variety of river
training configurations and flow regimes tested through the micro-model, the A&M team
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selected a series of offset stub dikes along with bankline revetment to provide a more
sinuous flow through the side channel, create deeper water, and improve the connection
with the river at the lower end of the side channel to facilitate access by fish at lower
river stages.

Post-construction monitoring for physical changes, primarily bathymetry, will be
conducted along with continued biological monitoring as part of the ongoing sampling
protocol under the EMP Long Term Resource Monitoring Program.

A&M 2. Chevron Dike Monitoring. The A&M program has constructed three
sets of chevron dikes. The first set was constructed in 1993 at river mile 289 in Pool 24,
near Cottonwood Island. This set of three chevron dikes was constructed as an
alternative to constructing a closing rock structure, to maintain the existing flow split in
that reach, and as a placement site for dredge disposal. In 1998 and 1999, three chevron
dikes were constructed at river mile 266, in Pool 25. These dikes were placed to focus
main channel flow. In 1998 a single chevron dike was constructed at river mile 250, also
to focus river flows. Four chevrons were constructed at river mile 226 in 2002. These
dikes were constructed under the Corps dike and revetment program. Future work calls
for the placement of four additional chevron dikes at the river mile 250 site, potential
construction of two additional chevron dikes at river mile 289. Since construction,
biological monitoring has taken place at the chevrons dike fields at river mile 289, river
mile 266 and river mile 226.

Pool 24, River Mile 289 Biological Monitoring. The Illinois Department of
Natural Resources (IDNR) has sampled the set of three chevron dikes located in Pool 24,
near Cottonwood Island (river mile 289), since they were constructed in 1993. The site
was sampled in June and July of 2003. Analysis of the entire data set shows that fish are
using the chevron dikes and that catch rates inside the chevron dikes are more than
double catch rates outside of the dikes. Catch rates inside of the chevron dikes were
higher than those in nearby Drift Slough. Fifty-one species have been found in
association with the chevron dikes. The lentic environment inside of the chevron dikes
appears to be providing favorable nursery habitat to young-of-the-year and juvenile
fishes, including white bass, smallmouth buffalo, largemouth bass, and bluegill. The
outside of the chevron dikes are providing excellent habitat for a variety of fishes
including channel catfish, flathead catfish, common carp, minnows, and shiners. The
data continues to suggest that chevron dikes are providing useful and valuable habitat for
a variety of riverine fishes. A detailed summary of the IDNR fish sampling efforts is
available in Appendix A.

Pool 25, River Mile 266 Biological Monitoring. The A&M program has
constructed three chevron dikes in Pool 25 of the Mississippi River (river mile 266). One
complete and one partial dike were constructed in June 1998. In March 1999, the partial
dike was completed and one additional chevron dike was constructed. The area behind
the chevron dikes was sampled using hydroacoustics, gill nets, deep water electro-fishing,
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deep water purse seining, and deep water trawling in order to examine fish use of the
chevron dikes as over-wintering habitat. Six hydroacoustic fish samples have been taken
behind the Pool 25 chevron dikes since 1999. Samples were taken in August 1999,
December 1999, September 2000, July 2001, December 2001, and December 2002.
These samples were supplemented by experimental gill netting in December 2001, and
deep water electro-fishing, deepwater purse seining, and deep water trawling in
December 2002. Velocity and bathymetry data were collected in association with the
chevron dikes from 1999 to 2001, to document physical conditions.

Fish were found in association with the chevron dikes during all sampling trips,
though there were clear differences between summer and winter use. Fish densities were
markedly higher in the winter behind the chevron dikes than during the summer samples.
This seasonal discrepancy is strong evidence that fish were actively selecting the habitat
created by the chevron dikes as over-wintering locations.

Fish appear to favor the habitat behind the upper and middle chevron dikes over
that of the lower dike. This favoritism is even more pronounced in the winter samples.
Fish selection of the upper two dikes is likely a product of the depth of the scour holes
behind these dikes. Both dikes have created deep scour holes behind the dike, with
depths in each hole in excess of 25 feet. The lower chevron has not developed depths
similar to the upper two dikes. The lack of depth behind the lower dike may be due to a
number of factors, including the height of the dike (it is two feet higher than the upper
dike and one foot higher than the middle dike), the configuration of the lower dike (the
riverside leg is much shorter than the bankside leg), and the dissipation of the rivers
energy (ability to scour) by the upper two dikes.

Winter hydroacoustic samples in 1999, 2001, and 2002 indicated high numbers of
over-wintering fish. Active fish collection, through a variety of gear types was conducted
to determine species composition and size, as a supplement to the hydroacoustic
information in December 2001 and 2002. Use of multiple sampling techniques revealed
that the primary over-wintering species was small freshwater drum. Deep water trawling
also collected good numbers of small channel catfish. Both species were represented by
small, juvenile fish, estimated to be from one to three years of age. Chevron dikes appear
to be meeting critical winter habitat needs for commercial and sport fish species, as well
as nursery, rearing and foraging habitat, which are important components of the life
histories of many riverine species. Detailed results are available in Appendix B.

Pool 26, Mile 226 Biological Monitoring. Four chevron dikes were constructed
at this site in December 2002, under the Corps dike and revetment program. The dikes at
this location were sampled for the first time in July 2003. Trawling, electro-fishing and
gillnetting collected 13 fish species, dominated by juvenile and larval size classes. A
number of macroinvertebrates and juvenile mussels were also collected during the trawl



sampling. Primary fish species collected were freshwater drum, channel catfish and
gizzard shad. Sampling will continue at this location in 2004.

A&M 3. Multiple Roundpoint Structure Monitoring. In 1998, the A&M
Program constructed a multiple round point structure (MRS) in Pool 25 (river mile
265.7L). This innovative training structure consists of 6 separate round rock points, or
cones, on 100 ft centers extending from the bank in a fashion similar to a wing dike. The
round point structure was developed to function as a wing dike and appears at the water
surface to be a heavily notched wing dike. Each of the six points stands alone and is not
connected to the other points.

The multiple round point structure has been monitored since construction for both
fish use and bathymetric changes. Electro-fish sampling has been conducted by the
Illinois Department of Natural Resources at the site since 1998. The structure was
sampled three times in 2003. To date, the total number of species collected is 30.
Gizzard shad, emerald shiners, and flathead catfish exhibit the highest overall catch rate,
followed by common carp, freshwater drum, and channel catfish. Blue sucker have been
collected in four of the six years of sampling. This big river species is of interest because
they are uncommonly collected in the Mississippi River and is considered a species of
concern by natural resource agencies. The Illinois report concluded that the structure was
providing useful and valuable habitat (Appendix C). Bathymetric surveys have shown
that the MRS have increased diversity at the site through a series of individual scour
holes that have been created directly below and downstream of the MRS. The area was
all shallow sand wave habitat prior to construction.

Future A & M construction plans call for an additional row of round point
structures to be constructed in 2005, off-set from the existing row. The second row,
constructed upstream of the first row, will have the round points centered in the gaps left
between the structures in the first row. The addition of the second row of structures
should increase the effectiveness of the round points as a river training structure while
increasing overall habitat diversity. Monitoring at the site will continue.

A&M 4. Off-bankline Revetment Monitoring.

No off-bankline revetment monitoring occurred in 2002 or 2003. Monitoring may
occur in future years if or when there are plans to place new off-bankline revetment.

A&M 5. Effects of Environmental Pool Management on Fish and Wildlife.
The St. Louis District has employed Environmental Pool Management (EPM) since 1994
to provide benefits to fish and wildlife. EPM resulted from operational changes, within
the parameters laid out in the operations manual for the pool, and in the way the
navigation pools are regulated after high water events. What results is the growth of
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moist soil vegetation in the lower ends of Pools 24, 25, and 26. This vegetation becomes
available to fish, aquatic insects, and migratory birds as water levels are allowed to rise.
The District has been exploring ways to further enhance EPM but lacked background
information upon which to base changes. Southern Illinois University-Carbondale has
been studying the response of waterbirds, aquatic invertebrates, fish, vegetation and water
quality since 2001. The final report of these studies was completed in 2003.

(Appendix D).

The hydraulic regimes that have resulted from EPM have been monitored as in
the past, and summarized in the final report. Data was collected for three years with a
different hydrologic regime each year. Results compare high flow, low flow and
moderate flow years in order to predict results of each and recommend changes in EPM
implementation with each flow level. The report suggests that inter-annual variability in
water levels in the lower pool leads to a diversity of biotic responses that may enhance
the overall diversity of the pool community.

5A. Response of Fish, Invertebrates, Vegetation, Waterbirds, and Water
Quality to Environmental Pool Management: Mississippi River Pool 25. Field
surveys in 2002 recorded fourteen species of wetland plants resulting from the EPM
effort with sedges being most common, followed by pigweed and millet. Conversion of
seed biomass to potential waterfowl use days revealed an abundance of available forage.
Data from several successive years suggests that EPM continues to produce a plant
community comprised mainly of moist-soil species that generate abundant seed for
waterfowl. Waterbird surveys were initiated in 2001 and continued in 2002 with seven
species recorded. Killdeer were the most abundant species, followed by Great-blue
Heron, Pectoral Sandpiper and Canada goose. Sora rails, a secretive species whose
presence is not apparent to the causal observer, appeared to use the newly flooded
vegetation extensively in the fall, as evidenced by successful attempts to induce
vocalization by a number of individuals.

Waterfow! species composition in the study areas increased in 2002 with the
addition of three species of dabblers and two diver species. All were absent from the
survey in 2001. The increased number of species may have been due to the increased
amount of residual vegetation present in the surveyed areas. Surveys also documented an
abundance of vegetative seeds present for waterfowl use during fall migration. Data from
all three years support the idea that EPM improves habitat quality for migratory birds.
Data also indicates that altering drawdown characteristics to improve conditions for fish
may not lower the quality of the habitat created for waterfowl.

Fishes appeared to be benefited by all three drawdown regimes, but results varied
for individual species. The early prolonged drawdown (1999) had a dramatic response by
vegetation. Fish sampling revealed that the drawdown response was high for small,
backwater fish, low for sunfish and high for young of the year of a variety of species.
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However, one major drawback was low dissolved oxygen due to the decomposition of
some of the dense vegetation upon re-flooding. Fish use the following spring appeared to
be high. A late drawdown of short duration occurred in 2000(in fact, held steady to
accommodate the spring fish spawn) but produced hardly any vegetation. Fish response
to this drawdown was high for sunfishes, and water quality (DO) remained high. The late
drawdown of long duration but moderate reduction in water levels (2001) produced a
moderate amount of vegetation with high diversity. Fish response was high for small
backwater fish, moderate for sunfish and high for a variety of young of the year. Water
quality (DO) under this drawdown scenario remained high. The latter regime appeared to
provide the most general benefit to fish. Based upon the studies of the three regimes, a
drawdown no greater than two feet below full pool appears to be an adequate
compromise between vegetation production and maintaining backwater fish faunas. The
final report recommended a continuation of the environmental pool management effort
for the benefit of a variety of aquatic and semi-aquatic species. Macroinvertebrates and
zooplankton were included in this recommendation. Although not included in the
management goals for environmental pool management, these groups have a substantial
role in a successful ecosystem management plan, and are enhanced by the various water
level management regimes.

A&M 6. Fish Passage Improvement at Lock and Dam 25. No activity
occurred in this work item in 2002. Based upon information derived during earlier work,
gates 15, 16, and 17 were manipulated in 2003 prior to open river conditions, to extend
the available period of fish passage by over 36 hours. Some experimental gate
manipulations were completed in previous years. A final report is still pending.

A&M 7. Wood Structure and the O&M Program on the Open River. The
A&M program partner agencies have long requested that the St. Louis District explore
ways to incorporate wood structures into our Operation and Maintenance Program on the
Mississippi River. The potential environmental benefits of the District incorporating
woody structures into its O&M program include increased habitat diversity and increased
organic matter in the river. In November 2000, a meeting was held between the Corps,
Illinois Department of Natural Resources and the USFWS to determine how and where to
place woody structure. It was decided initially that two different types of structures
would be prepared, wood bundles and a modified pile dike structure. The logs to be used
for the project came courtesy of the Westvaco Corporation.

The St. Louis District placed wood structures at three locations in the middle
Mississippi River during July and August, 2001. Log bundles were placed in Calico
Chute R.M. 148.3L — 147.3L at four different locations. Log bundles were placed at two
locations along the main channel border between R.M. 165.5R and 165.0R. Individual
logs were driven into the substrate to create modified pile dikes at two sites between
R.M. 165.0R and 163.5R. All three sites were monitored in 2003 to assess both the
biological benefits of the wood placement and the potential for using woody structure as
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river training structures. In addition, a macroinvertebrate investigation was conducted at
the woody structure placed along Mosenthein Island at approximate river mile 189.0. A
final report is pending.

A&M 8. Wing Dike Modification Post-project monitoring, Dike 53.0L. A
previously constructed dike was considered to be a navigation hazard at this site. The
dike extended 600 ft. into the river and had an elevation of +15 ft. LWRP (310.48) when
originally constructed. Through coordination with regional resource agency
representatives, agreement was reached to lower the last 300 ft. of the dike (riverward) to
-15 ft. while leaving the remainder intact, with consequential monitoring of the impacts
to the existing scour hole and over-wintering fish. Modification of the dike occurred in
August 2000.

Sampling parameters included multi-beam bathymetry, velocity, hydroacoustic
and gill net fisheries data both before (January 2000) and after dike modification
(February 2001 and 2002).

Bathymetric survey data showed a distinct difference between pre and post-
construction. Pre-construction data showed the presence of two holes below the dike,
while post-construction data showed only one hole directly below the weir. Field
observations of the hydroacoustic data showed fish using the entire area behind the dike,
both before and after modification. Gill net catch species composition was similar in
both pre and post-construction sampling, though numbers and species composition did
drop the second year. Fish collected in 2002 included the federally endangered pallid
sturgeon.

Results of this work are in Appendix E.

FY 2004 A&M Program

The FY 2004 A&M budget was expected to be $1 million, but was reduced to
$600,000. Work items include: completion of the Carroll Island micro-model (271-267);
completion of the Buffalo Chute micro-model; completion of the open river thalweg
disposal experiment; completion of the generic notch and dike configuration micro-
model; completion of the annual report for 2002-2003; and, physical and biological
monitoring.



St. Louis District Avoid and Minimize Program
Dollars Expended, 1996 - 2003

Total
Fiscal Year Expended

FY 1996 1,054,000
FY 1997 1,489,000
FY 1998 1,060,000
FY 1999 1,040,000
FY 2000 421,000
FY 2001 684,439
FY 2002 148,221
FY 2003 684,823
6,581,483

*

TOTAL A&M PROGRAM
DOLLARS THROUGH FY 2003
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Introduction

The Hlinois Department of Natural Resources, with assistance from the St. Louis District, Corps
of Engineers, has conducted fish sampling with A.C. boat electrofishing (EF) at the Cottonwood
Island chevron dikes since October 1993. Three stone filled chevrons were constructed by the
St. Louis District in the October 1993. The chevrons were constructed as an alternative toa rock
closing structure between the upper ends of Sand Bar Island and North Fritz Island, between
river miles 290 and 289. Construction of two more chevrons at this location is planned. The
chevrons were constructed to increase the proportion of the flow in the main channel with the
goal of reducing the amount of maintenance dredging in this river reach. Habitat along the
outside of the chevrons is main channel border with constantly flowing water, while that inside
the chevrons is quiet backwater type, until the structures are overtopped.

Methods

The upstream and downstream most chevrons have been sampled, along with a small backwater
slough at Drift Island as a control station. In 1998 two additional control stations (Head of Bay
Island and main channel border along Cottonwood Island, adjacent to the upper chevron) were
sampled to evaluate them for possible inclusion in the study. Head of Bay Island was added as a
control station. The main channel border station was sampled only one time. The dates of
sampling for these sites, as well as EF time period for each site are presented in Table 1.

The electrofishing unit used in this study consists of a 230 volt, 4000 watt, 3 phase A.C.
generator which energizes 3 steel cable electrodes (5/8") suspended from 3 booms projecting off
the bow of the boat (18" welded aluminum boat). The electrodes are approximately 5' apart,
project about 6' off the bow and extend into the water about 4' in depth, thus creating an electric
field with an approximate diameter of 10" and reaching a depth of about 6'. Typically 6 - 10
amperes of current are generated within this field. The sampling is conducted by a two person
crew, one stationed in the bow of the boat to dip stunned fish with a long handled dip net from
the water and into a oxygenated live well, and one operating the motor. Typically, two EF runs
are conducted at each chevron, one along the outside of the chevron and one within the inside of
the chevron. Rough sketches of the study area and typical chevron sampling runs are attached.

After each EF run the fish are identified to species, weighed and measured, checked for
abnormalities and disease, and returned live to the river. Fishes too small to identify in the field
are preserved and returned to the lab for processing. Data are tabulated on standard field sheets
and later entered into the Department's fisheries database (Fisheries Analysis System). Voucher
specimens were sent to the Department of Zoology at Southern Illinois University, Carbondale
for preservation and storage.



Results and Discussion

A total of 12306 fishes representing 59 species have been collected during 1773 minutes of
electrofishing (104.11 fish/15 ef min). When these data are summarized by habitat type (inside
the chevron, outside the chevron, Drift Island Slough and Head of Bay Island) over all sampling
periods (Table 2), the highest catch rate was observed inside the chevrons (135.92 fish/15 min
EF), followed by Drift Island Slough (111.29 fish/15 min EF), outside the chevrons (87.71
fish/15 min EF) and Head of Bay Island (58.17 fish/15 min EF). The number of species
collected was also highest inside the chevrons (44 species), followed by Drift Island Slough (41
species), outside the chevrons (33 species) and Head of Bay Island (31 species) [Table 2]. Fifty
one of the 58 species collected have been collected at the chevrons (inside and outside
combined).

When the total number of species collected at each station over all years are compared (Table 3),
the highest species richness was observed inside the upper chevron and at Drift Island Slough
(42 species), followed by upper chevron outside (32 species), Head of Bay Island (31 species),
lower chevron inside (28 species), and lower chevron outside (19 species). When total catch
rates for each site (over all sampling periods) are compared, the catch rate at the upper inside
chevron is higher than all other sites with 137.01 fish/15 min EF, followed by lower chevron
inside (130.94 fish/15 min) and Drift Island Slough (111.29 fish/15 min) [Table 3]. Although
some of the difference in catch rates and species richness can be explained by variable sampling
efforts among stations, and differences in electrofishing efficiency among stations, these data
suggest the habitat created inside the chevron dikes are holding more individual fishes and more
fish species than either the habitat immediately outside of the chevrons or nearby side channel or
backwater habitats.

The total catch rate for longnose gar, bowfin, bigmouth buffalo, smallmouth buffalo, black
buffalo, black crappie, white crappie, largemouth bass, bluegill and orangespotted sunfish was
highest in Drift Island Slough. The total catch rates for spotfin shiner, emerald shiner, sand
shiner, channel catfish, flathead catfish and smallmouth bass were highest on the outside of the
chevrons (Table 3). The total catch rates for gizzard shad, bullhead minnow, river shiner,
channel shiner, bullhead minnow, quillback, river carpsucker, white bass, green sunfish, sauger
and freshwater drum were higher inside chevrons than elsewhere (Table 3). The fish
communities described by the composition of fishes collected in this study suggest that the
habitat inside the chevrons is ecologically intermediate between main channel border and side
channel border and backwater habitats. This is logical, as the backwater type habitat inside the
chevrons is nested within main channel border habitat.

Looking at the annual catch rates of selected numerically dominant fishes which prefer either
flowing water or quiet water help illustrate the point. Plots of the annual catch rates for the
current loving emerald shiner and spotfin shiner for three habitat types indicate that densities of
these fishes inside the chevrons are generally lower that rate outside and higher than those at
Drift Slough (Figures 1 & 2). Conversely, the catch rates for smallmouth buffalo and bluegill,
fishes which generally prefer quiet water habitats, indicate the opposite trend, the estimated
density of these fishes inside the chevrons is lowgr than at Drifts Island Slough and higher than
outside the chevrons (Figures 3 & 4).



An examination of the length frequencies of selected fishes collected from the vicinity of the
chevrons and Drift Island Slough helps illustrate the similarities and differences in the fish
populations inhabitating these habitat types. For instance, although smallmouth buffalo densities
associated with the chevrons appear to be considerably less than those in Drift Island Slough, the
size range observed for this species is slightly greater in the vicinity of the chevrons than in the
slough. This may indicate the nursery habitat provided by the chevron and slough habitats are
similar in quality for this species (Atwood, 2001).

The channel catfish catch rate was almost three times higher along the outside of the chevrons
than inside, suggesting higher densities outside. The channel catfish catch rate at Drift Island
Slough is similar to that observed inside. The size structure of channel catfish collected at Drift
Island Slough, inside and outside the chevrons indicates similar sized fishes are utilizing these
areas. The catch rate data coupled with the length frequency data suggests that adult fish are
residing most often outside the chevrons and occasionally move into the inside. The purpose of
such movement is unknown, but at least two possibilities exist. Channel catfish may use the
inside as a temporary resting place from higher current velocities experienced on outside, and
may be utilizing the slighty higher density of forage fishes and slighter different
macroinvertebrate assemblage (Ecological Specialists, Inc 1997) found inside the chevrons.

Unlike the channel catfish, the catch rate for white bass on the inside was almost 2 times that on
the outside and the observed size distribution of these fishes between these habitats is markedly
different. The majority of white bass found inside were young of the year fishes, while most of
those fish collected on the outside of the chevrons were one year or older, suggesting the interior
habitat is providing nursery habitat for young white bass (Atwood, 2001).

Conclusion

The data collected thus far in this evaluation suggest that chevron dikes are providing useful and
valuable habitat for a variety of riverine fishes. The outside of chevrons have been shown to
provide excellent habitat for quality sized channel catfish, flathead catfish, common carp and a
variety of minnows and shiners. Smallmouth bass, uncommon within this river reach, have also
been collected along the outside of chevrons. From the species composition and the number of
young of the year fishes present, the inside of chevrons appear to be providing backwater type
habitat (at appropriate water levels) in a reach of river where such habitat is limited.
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Table 1. Sampling dates and electrofishing effort for Cottonwood Island chevron dike study 1993 - 2003.

Sampling date

Station name

Electrofishing
effort(min)

Sampling date

Station name

Electrofishing
effort(min)

12-Jun-98|Cottonwood MCB 20 14-Oct-98|Upper Chevron Inside 15
21-Jul-95|Drift Island Slough 30 26-Aug-99|Upper Chevron Inside 15
21-Jul-95|Drift Island Slough 30 23-Sep-99|Upper Chevron Inside 12
12-Aug-96|Drift Island Slough 30 22-May-00[{Upper Chevron Inside 12
12-Aug-96|Drift Island Slough 30 29-Aug-00|Upper Chevron Inside 15
9-Sep-96|Drift Island Slough 15 29-Sep-00{Upper Chevron Inside 15
8-Oct-96|Drift Island Slough 15 18-Oct-00|Upper Chevron Inside 15
4-Aug-97|Drift Island Slough 30 27-Jul-01|Upper Chevron Inside 15
4-Aug-97|Drift Island Slough 30 21-Aug-01|Upper Chevron Inside 17
6-Aug-98|Drift Island Slough 30 20-Sep-01|Upper Chevron Inside 15
6-Aug-98|Drift Island Slough 30 17-Oct-01|Upper Chevron Inside 15
25-Aug-99|Drift Island Slough 30 13-Aug-02|Upper Chevron Inside 15
25-Aug-99|Dirift Island Slough 30 19-Sep-02|Upper Chevron Inside 15
29-Aug-00|Drift Island Slough 30 17-Oct-02|Upper Chevron Inside 15
29-Aug-00|Drift Island Slough 30 27-Jun-03|Upper Chevron Inside 15
21-Aug-01|Drift Island Slough 30 24-Jul-03|Upper Chevron Inside 15
21-Aug-01|Drift Island Slough 30 14-Oct-93|Lower Chevron Outside 9
13-Aug-02|Drift Island Slough 30 12-Sep-95|Lower Chevron Outside 16
13-Aug-02|Drift Island Slough 30 14-Aug-96|Lower Chevron Outside 15
11-Aug-03|Drift Island Slough 30 9-Sep-96|Lower Chevron Outside 15
11-Aug-03|Drift Island Slough 30 8-0ct-96[Lower Chevron Outside 15
14-Oct-98|Head of Bay Island 20 16-Jul-97|Lower Chevron Outside 15
26-Aug-99|Head of Bay Island 15 17-Aug-98|Lower Chevron Outside 15
23-Sep-99|Head of Bay Island 20 14-Oct-93|Upper Chevron Outside 9
22-May-00(Head of Bay Island 20 2-Aug-95|Upper Chevron Outside 14
29-Sep-00|Head of Bay Island 15 12-Sep-95|Upper Chevron Outside 16
18-Oct-00|Head of Bay Island 15 11-Oct-95|Upper Chevron Outside 14
21-Aug-01|Head of Bay Island 20 14-Aug-96|Upper Chevron Outside 15
20-Sep-01|Head of Bay Island 15 9-Sep-96|Upper Chevron Outside 15
17-Oct-01|Head of Bay Island 15 8-Oct-96|Upper Chevron Outside 15
19-Sep-02|Head of Bay Island 15 16-Jul-97|Upper Chevron Outside 10
27-Jun-03|Head of Bay Island 18 26-Sep-97|Upper Chevron Outside 15
24-Jul-03|Head of Bay Island 17 12-Jun-98|Upper Chevron Outside 20
14-Oct-93|Lower Chevron Inside 9 17-Aug-98|Upper Chevron Outside 15
12-Sep-95|Lower Chevron Inside 16 14-Oct-98|Upper Chevron Outside 15
14-Aug-96|Lower Chevron Inside 15 26-Aug-99|Upper Chevron Outside 15
16-Jul-97|Lower Chevron Inside 15 23-Sep-99|Upper Chevron Outside 12
12-Jun-98|Lower Chevron Inside 15 22-May-00|Upper Chevron Outside 12
17-Aug-98|Lower Chevron Inside 15 29-Aug-00|Upper Chevron Outside 15
14-Oct-93|Upper Chevron Inside 9 29-Sep-00|Upper Chevron Outside 15
2-Aug-95|Upper Chevron Inside 14 18-Oct-00|Upper Chevron Outside 15
12-Sep-95|Upper Chevron Inside 16 27-Jul-01|Upper Chevron Outside 15
11-Oct-95|Upper Chevron Inside 14 21-Aug-01|Upper Chevron Outside 18
14-Aug-96|Upper Chevron Inside 15 20-Sep-01|Upper Chevron Outside 15
9-Sep-96|Upper Chevron Inside 15 17-Oct-01|Upper Chevron Outside 15
8-0ct-96|Upper Chevron Inside 15 13-Aug-02|Upper Chevron Outside 20
16-Jul-97|Upper Chevron Inside 10 19-Sep-02|Upper Chevron Outside 15
26-Sep-97|Upper Chevron Inside 15 17-Oct-02|Upper Chevron Outside 15
12-Jun-98|Upper Chevron Inside 15 27-Jun-03|Upper Chevron Outside 15
17-Aug-98|Upper Chevron Inside 15 24-Jul-03|Upper Chevron Outside 19
Total effort to date 1773




Table 2. Compastition of fishes collected with boat electrofishing at Cottenwood Island Chevron Dikes study area, 1993 - 2003,

Chevron Inslde | Chevron Outside | Chevron tolal | Head of Bay ls. | Drift is. Slough All Stations
sampling effort (min) 474 504 78 205 570 1773
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Table 3. Summary of fishes collected with boat electrofishing at Cottonwood Island Chevron Dikes study area, 1993 - 2003.

Chevrons Control sites
Lower Inside Upper inside Lower outside | Upper outside || Head of Bay Is. MCB Drift Is. Slough All Stations
sampling effort (min) 85 389 100 404 205 20 570 1773
Species
Paddlefish 1] 1
Shortnose gar 5 5 5 15
Longnose gar 7 7
Bowfin 34 34
American eel 3 3
Skipjack herring 1 1 2
Gizzard shad 215 879 41 219 23 5 389 1771
Threadfin shad 1 1 2
Mooneye 4 4
Silver carp 1] 1
Bighead carp 1 2 1 4
Goldfish 4 3 7
Carp 7 54 27 112 73 4 176 453
Carp x Goldfish hybrid 1] 1
Central stoneroller 2 1 3
Suckermouth minnow 3 2 5
Silver chub 7 2 9 14 32
Silvery minnow 5 5
Spotfin shiner 52 93 57 304 88 3 4 601
Red shiner 1 13 5 43 34 96
Bluntnose minnow 1 10 7 1] 19
Bullhead minnow 114 440 7 70 24 1 80 736
Emerald shiner 119 607 194 1068 207 3 4 2202
Silverband shiner 1 1
River shiner 20 42 13 23 2 100
Bigmouth shiner 1 1
Sand shiner 9 1 18 28
Channel shiner 5 93 8 66 13 2 1] 188
Spottail shiner 4 4
Shiner spp. 13 13
Bigmouth buffalo 10 10 1] 19 143 183
Smallmouth buffalo 27 41 8 21 10 2 336 445
Black buffalo 1 3 16 20
Carpsucker spp. 14 14
Quillback 5 10 1] 1 1] 18
River carpsucker 30 89 1 3 3 25 151
Highfin carpsucker 1 1
Spotted sucker 5 5
Shorthead redhorse 4 4 9 5 5 9 36
Golden redhorse 1 2 2 1 6
Channel catfish 8 36 56 76 24 2 63 265
Flathead catfish 3 13 27 109 15 51 218
Freckled madtom 2 1 1 4
Mosquitofish 23 1 55 79
Brook silverside 3 2 5
White bass 14 22 5 17 8 1 6 73
Yellow bass 4 1 5
Black crappie 3 9 24 192 228
White crappie 2 1 69 72
Largemouth bass 11 132 77 25 195 440
Smallmouth bass 1 6 1 0 8
Warmouth 8 16 24
Green sunfish 4 154 42 5 15 220
Bluegill x Green sunfish 1 1
Bluegill 23 423 4 82 132 1 1652 2317
Redear sunfish 1 2 3
Orangespotted sunfish 23 116 3 6 485 633
Walleye 1] 1
Sauger 4 2 6
Slenderhead darter 3 1 4
Logperch 1 2 2 5
Mud darter 4 4
Freshwater drum 39 151 18 67 35 4 159 473
Total number of fish collected 742 3553 479 2468 795 40 4229 12306
Total number of fish collected/15min ef 130.94 137.01 71.85 91.63 58.17 30.00 111.29 104.11
Number of fish species collected 28 45 19 32 31 16 43 63
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Figure 1. Annual catch rates of emerald shiner at three chevron
dike study sites.
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Figure 2. Annual catch rates of spotfin shiner at three chevron
dike study sites.
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St. Louis District.



Biological Monitoring Report
Over-Wintering Fish Use of Chevron Dikes
Pool 25, Mississippi River

US Army Corps of Engineers, St. Louis District
Avoid and Minimize Program
Brian Johnson

Background: Three chevron dikes were constructed in Pool 25 of the Mississippi River (M.R.M.
266.0R) between June 1998 and March 1999. These innovative channel training structures were
built under the St. Louis District’s Avoid and Minimize program. At this location the three chevron
dikes, which look like “V’s or U’s” with the apex pointing upstream, were built in a downstream
line and act to deflect flow towards the channel. These structures were placed in lieu of traditional
channel dikes, which run out from the bank perpendicular to the flow. The three chevron dikes
were constructed as stepped up dikes, with the top of the upper chevron dike two feet lower than the
lower chevron dike and one foot lower than the middle chevron dike. During high flow, a deep
hole is scoured in the area behind the chevron dike’s apex. The slack-water area that forms behind
the structures, outside of high flow conditions, creates unique backwater like habitat. Previous fish
sampling work on chevron dikes in Pool 24 (Atwood 2001) found that a variety of fishes are using
this habitat. Over 48 species of fish have been collected in association with the Pool 24 chevron
dikes. Atwood’s work has shown that the slack-water conditions inside the chevron dikes in Pool
24 provide favorable nursery habitat to young-of-the year and juvenile fishes. His work did not
examine fish use of chevron dikes as over-wintering habitat.

Figure 1. Pool 25 Chevron dikes, Mississippi River Mile 266

Many over-wintering fish in the Mississippi River actively seek out deep, low velocity areas like
those seen behind chevron dikes. The same conditions that make those areas attractive to young
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fish during the growing season should also make them attractive to fish seeking refuge from winter
flows. In 1999, the Corps began a study looking at fish use of the Pool 25 chevron dikes as over-
wintering habitat.

Sampling Effort: To examine fish use of chevron dikes as over-wintering habitat, the area behind
the chevron dikes was sampled using hydroacoustics, gill nets, deep water electro-fishing, deep
water purse seining, and deep water trawling. Six hydroacoustic fish samples have been taken
behind the Pool 25 chevron dikes since 1999. The chevrons were sampled in August 1999,
December 1999, September 2000, July 2001, December 2001, and December 2002. Transects were
run in an upstream direction inside each chevron. The number of transects run inside each chevron
varied by chevron and by water levels. Data was reported as an estimate of fish per acre.
Information on the individual sampling trips appears at the end of this report. To supplement the
hydroacoustic sampling, experimental gill net sampling was conducted in December 2001, and
deep water electro-fishing, deep water purse seining, and deep water trawling were conducted in
December 2002. To document the physical conditions, velocity and bathymetry data were collected
in association with the chevron dikes from 1999 to 2001.

Results & Conclusions: Fish were present behind the chevron dikes during all hydroacoustic
sampling trips, though there were clear differences between summer and winter use. The six
hydroacoustic samples were divided into two distinct periods, three summer samples (August 1999,
September 2000, and July 2001) and three winter samples (December 1999, 2001, and 2002). Fish
densities were markedly higher in the winter behind the chevron dikes than during the summer
samples (Table 2, Figure 2). Winter fish densities averaged 3094 fish per acre compared to average
summer fish densities of 492 fish per acre (Table 2). This seasonal discrepancy is strong evidence
that fish were actively selecting the habitat created by the chevron dikes, as over-wintering
locations.

Fish appear to favor the habitat behind the upper and middle chevron dikes over that of the lower
chevron dike (Table 1). This discrepancy becomes more pronounced in the winter samples. The
lower dike had no over-wintering fish in 1999 and had lower numbers than the upper and middle
dikes in 2001 and 2002 (Figure 3). Fish selection of the upper and middle chevron dikes is likely a
product of the depth of the scour holes behind those dikes. Both the upper and middle chevron
dikes have created deep scour holes behind the dike (Figure 5), with depths in each hole in excess
of 25 feet. In contrast, the lower chevron dike has not developed depths similar to the upper two
dikes. This lack of depth behind the lower dike may be due to a number of factors, including the
height of that dike (it is two feet higher than the upper chevron dike, one foot higher than the
middle chevron dike), the configuration of the lower dike (the riverside leg is much shorter than the
bankside leg), and the dissipation of the rivers energy (ability to scour) by the upper two dikes. All
three dikes exhibit the low flows conditions sought out by over-wintering fish (Figure 6), with most
readings in the shadow of the chevron dikes below one foot per second. However, the
configuration of the lower chevron dike, with the short riverside leg, does not appear to provide the
same level of protection from river flows that the upper two dikes afford.

The original study design did not call for active fish collection. However, in December 1999 the
hydroacoustic sampling showed high levels of over-wintering fish. When similar results were
obtained in December 2001, a team of Corps and Illinois Department of Natural Resource
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biologists set experimental gill nets behind the upper two dikes. This work was done to both verify
the accuracy of the hydroacoustic results, and to determine what species of fish were using the
chevron dike habitat. The results of this effort were very poor with very few fish collected, most of
which were small freshwater drum (Aplodinotus grunniens). The results of this work answered
neither question, and in fact cast doubt upon the accuracy of the hydroacoustic work.

In December 2002 another hydroacoustic sample was collected which also indicated high numbers
of over-wintering fish behind the upper and middle chevron dikes. Two separate active collection
efforts followed that sample. Immediately following hydroacoustic date collection fisheries staff
from SIU-Carbondale completed a series of deep-water AC electro-fishing samples inside the upper
and middle chevron dikes. Their work resulted in the collection of large numbers of small
freshwater drum, with much smaller numbers of six other species collected. In all 145 fish were
collected though that number was artificially low as many freshwater drum, of a similar size to
those collected, were noted and not collected.

Approximately two weeks after the deep water electro-fishing work, personnel from the Missouri
Department of Conservation conducted deep water purse seine and deep water trawl sampling
behind the upper and middle chevron. The deep water purse seining resulted in the collection of
114 fish and nine species of fish. All fish were collected and counted. Similar to the deep water
electro-fishing effort, the catch was again dominated by small freshwater drum. Following the
purse seining, one deep water trawl was run from the apex of the chevron through the scour holes of
both the upper and middle chevron dikes. These two trawls resulted in the collection of 915 fish,
comprising 10 species. Consistent with the other sampling techniques, small freshwater drum
dominated the catch, followed by good numbers of small channel catfish (Ictalurus punctatus).
Combined fish catch numbers for all sampling methods are presented in Table 3.

Most of the fish collected in this study were small juvenile fish. Based on previous growth work
reported by others (UMRCC 2004) most of the freshwater drum and channel catfish collected
(>90% of the total catch) were likely between one to three years of age. At temperatures colder
than 4° C many river fish exhibit diminished swimming ability (Sheehan et al 1990). This is
especially true of young fish like those collected in this study. At these colder temperatures, young
fish seek out areas of very low velocity in which to remain relatively dormant until water
temperatures rise in the spring. It appears that the chevron dikes are providing this critical life
requisite to young fish.

The depths and low flow conditions seen behind the chevron dikes are not unusual for emergent
river training structures. What separates the chevron dike habitat from those other habitats is added
environmental functionality of the legs of the dikes, which not only shelter the inside habitat from
the higher main channel river flow but also from any wave wash associated with towboats and
recreational vessels. That would also help explain why the lower chevron dike, with the short
outside leg, contained low numbers of the fish in the winter, once water temperatures dropped
below 5°C (Table 1). The protection these legs provide fish from harmful winter disturbance is
much greater than what is provided with traditional training structures.

Based on the hydroacoustic sampling and the subsequent active field sampling, chevron dikes
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appear to be providing valuable over-wintering habitat to a variety of the fish species, particularly
young fish which are most vulnerable to winter mortality. The hydroacoustic sampling found over-
wintering concentrations greater than 3000 fish per acre, almost five times the concentrations found
during the summer. Winter sampling found that over 90% of the total catch was freshwater drum
and channel catfish. Channel catfish dominate the Mississippi River commercial fish harvest, while
freshwater drum typically rank third or fourth in annual harvest (UMRCC 2004). Creel surveys in
Pools 24 and 25 found that freshwater drum and catfish ranked one and two in angler harvest
(Brummett 1995). Chevron dikes are meeting critical winter habitat needs for these highly
important sport and commercial fish species, along with those of many other species. Coupled with
Atwood’s findings that chevron dikes are providing valuable nursery, rearing, and forage habitat
outside of the winter, it is obvious the chevron dikes not only function as navigation structures, but
also provide important components in the life histories of many riverine fish.
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Sample |[Max. depth|Fish density| Water temp. |Pool conditions
date meters #lacre °C

Upper Chevron inside 8-4-99 11 325 27.2 Open river

Upper Chevron inside | 12-13-99 9 1823 5 Normal pool (winter)
Upper Chevron inside 9-7-00 9 490 24.8 Normal pool

Upper Chevron inside | 7-24-01 12 679* 29 Normal pool

Upper Chevron inside | 12-11-01 12 3222 6.4 Normal pool

Upper Chevron inside | 12-18-02 11 2730 4 Normal pool

Middle Chevron inside| 8-4-99 11 402 27.2 Open river

Middle Chevron inside| 12-13-99 9 2590 5 Normal pool (winter)
Middle Chevron inside| 9-7-00 8 317 24.8 Normal pool

Middle Chevron inside| 7-24-01 11 1000* 29 Normal pool

Middle Chevron inside| 12-11-01 11 8445 6.4 Normal pool

Middle Chevron inside| 12-18-02 10 6793 4 Normal pool

Lower Chevron inside 8-4-99 7 406 27.2 Open river

Lower Chevron inside | 12-13-99 4 0 5 Normal pool (winter)
Lower Chevron inside 9-7-00 5 52 24.8 Normal pool

Lower Chevron inside | 7-24-01 7 757 29 Normal pool

Lower Chevron inside | 12-11-01 6 2063 6.4 Normal pool

Lower Chevron inside | 12-16-02 6 182 4 Normal pool

*some transects lengths were estimated, due to GPS failure
Table 1. Hydroacoustic sample information for the Pool 25 chevron dike field.
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estimates for the Pool 25 chevron dikes.
Winter density estimates were over 5 times
higher than summer densities.

Figure 3. Hydroacoustic winter fish density
per acre estimates for the Pool 25 chevron
dikes. Note the lower chevron dike has the
lowest densities during each sample.
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Avg.

Density 95 %

Sample (fish per | Confidence Std.
Chevron | period | N acre) Interval Deviation
All 3 winter 9 3094 2164 2816
Upper &
Middle | winter 6 4267 2818 2686
All 3 summer | 9 492 215 280
Upper &
Middle summer | 6 535 276 263
Table 2. Fish density estimates for winter and summer

use of the Pool 25 chevron dikes. Densities were
estimated using hydroacoustic equipment.
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Figure 4. Hydroacoustic summer fish density
per acre estimates for the Pool 25 chevron
dikes. All three chevron dikes exhibit similar
densities estimates.

Total % of Avg. length Avg. length
Species number catch (cm) (in)
freshwater drum* 970* 82.7* 222.2 8.7
channel catfish 104 8.9 209.7 8.3
mooneye 40 3.4 196.7 7.7
blue catfish 14 1.2 157.9 6.2
river carpsucker 14 1.2 236.7 9.3
smallmouth buffalo 12 1.0 354.3 13.9
common carp 6 0.5 402.0 15.8
goldeye 5 0.4 270.6 10.7
quillback 3 0.3 302.0 11.9
bigmouth buffalo 2 0.2 378.0 14.9
shorthead redhorse 1 0.1 240.0 9.4
shortnose gar 1 0.1 585.0 23.0
white bass 1 0.1 236.0 9.3

Table 3. Species collected during winter sampling in December 2002. Sampling
effort included deep water electro-fishing, deep water bottom trawling, and deep
water purse seining. Percent of catch numbers are estimates, as not all freshwater
drum were collected during electro-fishing. The actual percentages would have
been higher for freshwater drum. Average length by species was for all fish
collected except for freshwater drum, which was a subset of 552 fish.












24 July 2001
All three chevron dikes were sampled. Water temperature was 29°C. Pool 25 was at normal pool conditions. Velocity and hydroacoustic
fisheries data were collected. Transects were run upstream from the bottom of the chevron dike to the apex. Four transects were run
inside of each the three dikes. Depths behind the top and middle chevron dikes exceeded 11 meters. Depths behind the lower chevron
dike were near 7 meters. Analysis of the hydroacoustic data found similar fish densities behind all three dikes. Densities during this
sample were slightly higher than those collected during the August 1999 sample, but like the 1999 sample, were relatively evenly
distributed between the three dikes. Equipment malfunction caused the data to be collected without GPS coordinates for all transects on
the upper dike and two of the transects of the middle dike. Transects lengths for those samples were estimated based on past transect
lengths, to derive densities.

11 December 2001
All three chevron dikes were sampled. Water temperature was 6.4°C. Pool 25 was at normal pool conditions. The MV Boyer collected
bathymetry, velocity, and hydroacoustic fisheries data. Transects were run upstream from the bottom of the chevron dike to the apex.
Three transects were run inside of both the top and middle dikes. Four transects were run inside of the lower chevron dike. Depths behind
the top and middle chevron dikes exceeded 11 meters. Depths behind the lower chevron dike exceeded 6 meters. Fish densities between
the three dikes varied greatly but were all higher than previously collected samples. Experimental gill net sampling on 12 December
inside the top and middle dike collected very few fish, mostly small drum. A fair amount of leaf litter was collected in the nets. The effect
of the leaf litter on hydroacoustic fish density estimates was examined and believed to be minimal.

16 & 18 December 2002
On 16 December only the lower chevron was sampled due to equipment problems. The upper and middle chevrons were sampled on 18
December. Water temperature on site was 4°C on both days. Pool 25 was at normal pool conditions. Transects were run upstream from
the bottom of the chevron dike to the apex. Three transects were run inside of the upper chevron dike. Four transects were run inside of
the lower and middle chevron dikes. Depths behind the top and middle chevron dikes exceeded 10 meters. Depths behind the lower
chevron dike exceeded 6 meters. Fish densities between the three dikes were consistent with past winter samples, except for the lower
chevron dike which experienced high densities in 2001. Densities at that dike in 2002 were similar to densities collected in 1999. Fish
were collected on only one of the four transects behind the lower dike. Deep water AC electro-fishing sampling was conducted on 18
December by SIU-Carbondale fisheries staff. The upper and lower dikes were sampled at depths of 20 and 35 ft. That work resulted in the
collection of large numbers of small freshwater drum, with much smaller numbers of other species collected. In all, 7 species were
collected. While 145 fish were collected overall, that number was artificially low as many drum, of similar size to those collected, were
noted and not collected.
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Chapter 1

Executive Summary

Introduction

During spring 1999 through spring 2002, we quantified how vegetation, fish, waterfowl,
macroinvertebrates, and zooplankton responded to environmental pool management (EPM) of
Pool 25, Mississippi River. The goal of EPM is to simulate a natural hydrograph by maintaining
relatively low, stable water levels in the lower portion of the pool following drawdown in the
spring (Figure 1-1; see Chapter 2 for formal definition). Mudflats exposed during EPM in the
lower reach of the pool should produce abundant, non-persistent vegetation. Seed production
from vegetation should in turn provide forage for many species of migratory birds. Vegetation
inundated during fall and persisting through spring should also provide cover and nursery habitat
for many fish species. In this chapter, we first summarize the major findings relative to our
outlined objectives (see below). We then synthesize these results, providing explicit
recommendations for EPM with the goal of enhancing waterfowl while maximizing the
abundance and diversity of other waterbirds, fish, and invertebrates specifically in Pool 25, and

generally in other pools of the Upper Mississippi River (UMR).

Objectives
* Quantify emergent vegetation response and estimate above ground seed biomass
produced by EPM in the lower end of Pool 25, UMR.
e Quantify fish use of emergent vegetation created by EPM.
e Characterize fish use of residual vegetation produced by EPM.

e Characterize waterfowl use of EPM-created habitat.



e Determine effects of vegetation on water quality and zooplankton communities.

* Quantify aquatic macroinvertebrate abundance, diversity, and biomass, and assess how
they are related to available vegetation and EPM.

e Evaluate the influence of timing, length, and severity of EPM drawdown on fish and

invertebrates.

General EPM-related responses during 1999, 2000, and 2001

Water level, hydrology, and general vegetation responses differed among years as a
function of the implementation of EPM (see Chapter 3). During summer 1999, water levels
remained below the target elevation of EPM (432.0 ft) for 54 days; heavy rainfall necessitated
full "tilting" of the pool for an extended time period to maintain a stable water level at the mid-
pool control point at Mosier Landing (Figure 1-2, Table 1-1). The result was a large magnitude
vegetation response comprised primarily of smartweeds, chufa (primarily red-root nutsedge), and
millet. The hydrology and vegetation response of 2000 contrasted dramatically with that in
1999. Following a brief drawdown, water levels during summer 2000 were held by the U.S.
Army Corps of Engineers near full pool (434 ft) for most of the summer to ensure adequate
habitat for fish, resulting in the production of sparse amounts of vegetation (Figure 1-2, Table 1-
1). In 2001, the summer drawdown regime resulted in a moderate amount of vegetation
production relative to previous years (Figure 1-2, Table 1-1). During the three years of study,
study plots contained high amounts of vegetation (1999), little to no vegetation (2000), and

moderate amounts of vegetation (2001).



Emer gent vegetation and above-ground seed biomass
Methods

Similar to previous research in Pool 25, vegetation composition and abundance were
quantified along 11 transects during summer 2001 in the Batchtown area (lower Pool 25), three
weeks post-drawdown (see Chapter 3). Transects were oriented perpendicular to the shore,
following an elevation gradient relative to full pool. Seed biomass of common species was
estimated following resumption of full pool during September 2001. All vegetation data were
compared to those quantified during 1999 and 2000 for a related project (Dugger and Feddersen

2000).

Results

Vegetation differed in total abundance among years. During 2000, vegetation was
virtually absent from the lower reach of Pool 25, with the exception of narrow margins of
vegetation at some sites. In 2001, plant diversity was the highest since EPM was implemented.
This high diversity can be attributed to the late and prolonged dewatering period that occurred
this year relative to others (Figure 1-2).

Although vegetation was abundant during both 1999 and 2001, species composition
differed between these years. In 1999, the assemblage was dominated by smartweed, millet, and
chufa (i.e., red-root nutsedge). During 2001, smartweed was no longer the dominant plant
species. Rather, red-root nutsedge, pigweed, and millet were dominant in the lower reach. The
plant assemblage during 2001 was dominated by species that are generally favored by late,

prolonged dewatering. The late drawdown that year likely reduced the success of smartweed.















during spring 2001. Low abundance of waterfowl in 2001 was largely due to the absence of
dabbling ducks. In 2001, waterfowl] were likely scarce because vegetation was absent the
previous year (2000). Low water and ice during spring 2001 also probably contributed to low
abundances.

Although higher than the preceding year, waterfowl abundance during spring 2002 was
relatively low compared to spring 1999 and 2000, which also followed summers of abundant
vegetation. High seed production during summer 2001 and stable water levels during spring
2002 should have attracted waterfowl. Several factors operating at a regional scale that influence
the migratory patterns of species may have been responsible for this relatively lower occurrence
of waterfowl. In addition, because vegetation did not persist above the waterline during spring
2002, waterfowl may have avoided the Batchtown area. Without further information, we do not
recommend viewing the low waterfowl response during spring 2002 as an indication that habitat
produced during summer 2001 was inferior relative to the other positive years. Confounding
factors unrelated to EPM likely contributed to the low occurrence.

In combination with the previous study years, these data support the contention that EPM
improves quality habitat for migrating birds. Plant species with known value to waterfowl
continue to dominate the vegetation community, with no evidence of encroachment by woody
species. Similar to managed moist-soil impoundments, common throughout the Midwest, by
changing the timing, magnitude, and duration of the dewatering period in Pool 25 it appears
managers can influence the vegetation structure and still produce seed biomass important to
waterfowl. This fact provides some flexibility for how managers implement EPM. For example,
altering drawdown characteristics to improve conditions for fish does not by definition have to

lower the quality of the habitat for waterfowl
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Water quality and zooplankton responses
Methods

Water depth, temperature, dissolved oxygen concentration, conductivity, turbidity, pH,
and zooplankton species composition/density were quantified in study plots (one vegetated and
one manipulatively devegetated) established at each of four sites (Batchtown East, Batchtown
West, Jim Crow, and Turner Island) during fall 1999, 2000, and 2001 (Chapter 4). We also
sampled zooplankton at side-channel/backwater mid-pool and lower-pool sites contiguous with

the main channel (Chapter 5).

Results

Water depth was typically < 1 m and similar among all sites during the entire study,
although water was generally deeper at the Batchtown sites. Temperature, conductivity, and pH
often varied among sites and years. Dissolved oxygen (DO) concentration was lowest in
vegetated plots, particularly during 1999. At one site (Batchtown East) DO concentration was
chronically low (<3.0 mg/l) during much of 1999. Generally, DO concentration increased at
sites through time as vegetation became less prevalent in the water column due to waves, wind,
and senescence. With the exception of low DO concentration during the year of highest
vegetation, all water quality parameters were well within the range of tolerances of river fishes.

Zooplankton abundance was higher in vegetated experimental plots in 1999 when
vegetation was abundant, mainly due to the presence of chydorids and cyclopoida (including
nauplii). No differences between plots occurred in 2000 or 2001. Zooplankton abundance was
significantly higher in the lower pool sites throughout the study period, except for July when

lower pool sites were dry. This difference likely occurred because the lower pool sites became
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more disconnected from the river and thus were more lentic in nature. Because zooplankton are
energy-rich prey, particularly for YOY fish, their greater densities should facilitate growth,
survival, and ultimately recruitment of many fish species that use vegetation in the lower pool as

nursery habitat.

M acr oinvertebrate response
Methods

Macroinvertebrates and benthic organic matter were quantified with a stove pipe corer in
study plots (one vegetated and one manipulatively devegetated) established at each of four sites
(Batchtown East, Batchtown West, Jim Crow, and Turner Island) during fall 2000 and 2001
(Chapter 5). We also sampled macroinvertebrates and organic matter at side-channel/backwater

mid-pool and lower-pool sites contiguous with the main channel.

Results

Benthic organic matter is an important structural habitat and energy source for
invertebrates in aquatic systems. When comparing the vegetated and devegetated plots, benthic
organic matter was higher with vegetation in 2000 and 2001, suggesting that greater food
resources and habitat for invertebrates occurred there. Coarse fractions (coarse particulate
organic matter; CPOM) were most variable and contributed most to total benthic organic matter
pools. Because benthic organic matter appeared to decline in 2001 in the vegetation plots
following the low-vegetation year of 2000, vegetation response during a given year appears to

contribute to organic matter dynamics the next year.
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Total macroinvertebrate density did not differ between vegetated and devegetated plots
during 2000 and 2001. However, in 2001 but not 2000, total macroinvertebrate biomass was
higher in vegetated plots. These differences between years in total biomass can be attributed to
in the greater vegetation abundance in 2001 (i.e., vegetation enhanced total biomass). Focusing
on specific taxa, no differences were detected in Oligochaeta abundance between vegetated and
devegetated plots in 2000 and 2001, although Oligochaeta biomass was higher in vegetated
treatments in 2001 but not 2000. Conversely, Chironomidae abundance and biomass were
higher in devegetated treatments in 2001; no differences were detected in 2000. Three genera,
Chironomus, Polypedilum, and Tanytar sus contributed most to this difference. Within sites, the
total amount of vegetation during a year characterizes the macroinvertebrate community.

We also combined macroinvertebrate data between vegetated and devegetated plots and
compared their total abundance between the years of low (2000) and high (2001) overall
vegetation in the lower pool. Total macroinvertebrate density and biomass did not differ
between years. Although Oligochaeta density and biomass did not differ between years,
Chironomidae numbers and biomass were higher during the low vegetation year of 2000, and
this followed patterns observed in experimental vegetation plots (e.g., more chironomids with
less vegetation).

Comparing the mid-pool and lower-pool reaches, total benthic organic matter and coarse
and fine fractions differed through the study period. Mid-pool values were ~2x less than lower
pool values at times during the study, but there was no evidence that this adversely affected
macroinvertebrates. Lower quantities probably occur at mid-pool due to higher flows and
transport in these sites at full pool conditions. Differences in benthic organic matter and

hydrology led to differences in macroinvertebrates between reaches as well. Relative to mid-
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pool, total macroinvertebrate abundance and biomass was significantly higher in the lower pool
sites. This was primarily driven by the dominant macroinvertebrate groups, Oligochaeta and
Chironomidae, which had significantly higher abundance and biomass in the lower pool sites
relative to mid-pool ones.

Macroinvertebrate communities also differed between the lower pool and mid-pool sites.
Mid-pool sites had ~14 taxa that were unique, many of them with relatively long, univoltine life
cycles. In contrast, lower pool sites were dominated by polyvoltine taxa with short life cycles.
This suggests the hydrologic stability and longer hydroperiod of mid-pool sites may be important
for macroinvertebrate diversity there, even though lower pool sites may have higher abundance,
biomass, and sometimes diversity (after long periods with water present).

In summary, lower pool sites appear to have more benthic organic matter and higher
macroinvertebrate abundance and biomass. However, the lower pool sites are hydrologically
more variable and thus macroinvertebrate diversity varies much more and there are much fewer
larger, long-lived taxa than at mid-pool sites. Just after summer reflood, richness and diversity
are lower in lower pool sites, but these values surpass those of mid-pool sites by the following

spring.

Synthesis and M anagement Recommendations

Because hydrological conditions differed markedly among the three study years, we were
able to effectively assess how vegetation, fish, waterfowl, and invertebrates respond to three,
unique environmental- and EPM-induced scenarios that may typically arise in pools of the UMR
(see Table 1-2 for a summary). In general, we found that EPM can generate mutually beneficial

conditions for waterfowl and fish in the lower reaches of these systems. Although vegetation
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was only successfully produced during two years of the study, production of seed biomass
remained high regardless of the hydroperiod and vegetation assemblage that arose. Hence,
managers have the flexibility to choose an EPM-induced hydroperiod that generates a diverse
and productive vegetation assemblage (i.e., less dominated by smartweed and high in
invertebrate density and diversity) for fish while maintaining seed production and spring,
residual vegetation for waterfowl.

Pool 25 is currently managed at a mid-pool control point that generates different
hydrological conditions between the middle and lower reaches, during moderate to high
discharge (Figure 1-3). As such, backwater habitats differ between these two reaches, with those
at mid-pool being primarily flow-through and not influenced by EPM while those at lower pool
are primarily back-fill habitats affected by EPM. Our research suggests that mid-pool water
level management increases both fish and macroinvertebrate diversity at the pool scale in Pool
25 because the species within each reach are likely adapted to the local hydrology and a gradient
of physical habitat conditions occurs between each reach. However, during years of high
discharge (e.g., 1999) sustained drawdowns below 3 feet in the lower pool during spring through
summer are required to maintain mid-pool water levels (Figure 1-3). Our research suggests that
prolonged isolation of backwaters due to this practice will be detrimental to aquatic organisms in
the lower pool. During these times, either allowing greater variance in water level limits at the
mid-pool control point (currently not to exceed 1.75 feet) or switching the control point to Lock
and Dam 25 will prevent water levels in the lower pool from reaching this deleterious point (e.g.,
maintain lower-reach water levels no less than 3 feet below full pool; Figure 1-3). Although
water levels mid-pool would rise, the magnitude change would be similar to that in the lower

pool if a mid-pool control point was maintained (Figure 1-3). We recommend that water level
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managers have the flexibility to adopt either a mid-pool or dam control point approach during
spring through summer, depending on discharge conditions, to encourage maximum diversity of
fish and invertebrates in Pool 25 and perhaps other UMR pools.

It has been recommended that, during fall through early spring, Pool 25 be managed
consistently with a control point at Lock and Dam 25 to ensure stable water levels in the lower
pool for both fish and waterfowl at high discharge (Figure 1-3). Although this approach will
most likely be beneficial to the ecosystem in the lower pool, the relatively higher water levels
that may occur at mid-pool (Figure 1-3) may reduce the retention of organic matter in off-
channel habitats and alter the water quality characteristics (e.g., reducing the stratification of
water temperature) of potential fish overwintering habitat. Before fully implementing this
strategy, the potential benefits of improving habitat conditions in the lower pool must be
weighed against deleterious effects of reducing stability of water levels at mid-pool reaches.

In the lower reaches of pools, maintaining heterogeneity of both hydrology and
vegetation within individual sites should enhance the diversity of fish and invertebrates and
should often improve water quality. Because vegetated and devegetated plots generated
different fish and invertebrate assemblages, creating open patches either through mechanical
clipping or broad-scale herbicide application will create diverse vegetation (rather than creating
dense monocultures) and increase diversity within sites. Research in lakes suggests that
maintaining 20-30% open patches within the vegetation should be optimal for maintaining
diverse fish communities comprised of rapidly growing individuals. Similar management may
improve fish success in the EPM-induced vegetation in lower pools. The most diverse
vegetation with the least water quality problems arose during summer 2001, primarily due to the

relatively late and moderate drawdown (i.e., successful implementation of EPM). Backwaters in
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lower Pool 25 become disconnected from the main channel at an elevation between 432 and 431
ft. Therefore, the EPM target of a drawdown no greater than 2 ft below full pool of 434 ft
appears to be an adequate compromise between vegetation production and maintaining
backwater fish faunas. Because water levels did fall 3 ft or greater below full pool during 2001
without obviously reducing the success of backwater fishes, reducing water levels beyond the
target 2-foot limit for short periods (< 1 week) may not negatively affect fish assemblages.

Of course, the timing and rate of spring drawdown as well as the duration of EPM will
vary among years (Table 1-2). Although our work demonstrates that biotic responses will follow
suit, we caution that the responses we quantified were unreplicated through time. As such, we
cannot directly tease apart the direct effects of EPM versus other potentially important
environmental factors (i.e., surprises are likely still in store). For example, conditions for
waterfowl appeared to be ideal during 2001, although waterfowl numbers were low. Unexplored
factors contributed to waterfowl abundance that year and must be identified and understood to
better predict responses of the entire ecosystem to EPM.

Although our 2001 data demonstrated that vegetation and fish are enhanced by EPM
during summer and perhaps the following spring, long-term benefits to the fish and other aquatic
components of Pool 25 are still unknown. To illustrate, we have established that EPM-induced
vegetation provides important nursery habitat for fishes. But how this habitat contributes to
survival, growth, fish cohort strength, and ultimately population size and stability is not well
understood. General demographic research quantifying the abundance, size structure, and age
structure of fish populations is required to answer these questions. Linkages among EPM-
induced invertebrate assemblages and fish growth are also presently unclear and in need of

investigation. Vegetation may provide shelter and increased survival for fish, but at the cost of
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density-dependent reductions in growth. Most of the fishes produced by EPM-induced
vegetation serve as important prey for commercially and recreationally important fishes and
many waterbirds. However, the relative importance of this flux of energy from the shallow,
vegetated areas to these piscivores still needs to be assessed. Clearly, many questions about the
ultimate effects of mid-pool control point management and EPM on pool ecosystem structure
and function remain.

Environmental variation in precipitation and subsequent hydrology will dictate how EPM
is conducted during each year. The only factor precluding EPM would be high discharge
necessitating open river conditions. We suggest that inter-annual variability in water levels in
the lower pool, with EPM-scenarios similar to 2001 occurring when possible, leads to a diversity
of biotic responses, perhaps enhancing the overall diversity of the pool community. The added
flexibility of (i) switching the control point to Lock and Dam 25 or (ii) allowing greater variation
in water levels at mid-pool reaches during spring through summer when necessary (e.g., high
discharge) will likely greatly enhance the ability to achieve EPM in the lower pool. Seed
production seems to be robust to an array of hydrological conditions and resulting vegetation.

As such, waterfowl should benefit from vegetation growth, perhaps regardless of the underlying
hydrological regime. Conversely, years of low vegetation should foster open-water fish and
invertebrate specialists while those of dense vegetation should favor backwater-dwelling aquatic
organisms. Only with continued long-term monitoring of pool ecosystem responses to EPM will
we be able to determine if these assumptions are valid. If the control-point is switched to Lock
and Dam 25 when necessary, comparison of responses of vegetation, water quality, organic
matter, aquatic organisms and water birds in both lower and mid-pool reaches to those before

this strategy was implemented will allow us to assess its efficacy as a management tool.
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Table 1-1. Environmental pool management on Mississippi River Pool 25 during 1999, 2000, and 2001. Numbers represent the
number of days 0.5, 1.0, 2.0, 3.0, and 4.0 ft equal to or below full pool. “Re-flood rate” is the difference in water levels
between drawdown and 0.5 ft below full pool divided by the number of days between those water levels.

Number of days below full pool (434 ft)

Year Initiated ErlnzdF:\él Total Days  =0.5 ft =1.0 ft =2.0 ft 23.0 ft 24.0 ft "re-flood rate"
1999 12-Jun  24-Aug 69 69 60 54 36 21 1.6 inches/day
2000 1-Jul 31-Jul 31 1 28 22 12 7 5.2 inches/day
2001 19-Jun  15-Aug 58 58 53 27 7 2 1.4 inches/day

3
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Table 1-2. Summary of hydrological- and EPM-induced responses of Pool 25 Mississippi River during 1999, 2000, and 2001. MI =

macroinvertebrates; ZP=zooplankton; YOY=young of year fish.

Summer Draw-down (DD) and Hydrology Responses
Year Timing Duration Intensity Late-summer  Vegetationto Waterbirds'” Invertebrates® to Fish to Water
of DD of DD of DD Reflood Rate ~ Hydrology to Residual ~ Vegetation Vegetation Quality to
Vegetation Vegetation
1999  Early Long High Slow -dense -high ZP -high small, -low
-low diversity -moderate MI density = backwater fish  dissolved
-high seed -high MI diversity -low sunfish oxygen
biomass - high YOY
-high residual
2000 Late Short Low Rapid -no vegetation -open-water ZP -high sunfish -high
produced moderate
-moderate MI density
& diversity in open
areas (Chironomidae)
2001 Late Long  Moderate Slow -moderately -moderate ZP -high small, -high
dense -moderate MI density  backwater fish
-high -high MI biomass -moderate
diversity (Oligochaeta) sunfish
-high seed -high YOY
biomass
-moderate
residual

'Results are for spring of that year and reflect vegetation and seed production the preceding year.

*Results from 1999 and 2000 (for waterbirds) and 1999 (macroinvertebrates and zooplankton) are summarized in Dugger and

Fedderson (2000) and are included for comparison.
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Theoretical EPM in Pool 25, Mississippi River
438
436 -
EPM
£ Full Pool N
< 434 L =
o
-
] il
= 432
=
430 -
Maximum Drawdown
428 T T T T T
> c =] (@) Q. -
: 2 & 3 3 3
- - N N ™

Figure 1-1. A theoretical depiction of Environmental Pool Management (EPM) in Pool 25,

Mississippi River (developed in Sheehan et al. 2001).
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Figure 1-2. Water levels (ft) during 1999 (A), 2000 (B), and 2001 (C) (dark, solid lines) and

theoretical, target Environmental Pool Management (EPM; dashed lines) in Pool 25

Mississippi River.
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Figure 1-3. Predicted water level changes (deviation from full pool, 434 feet) at lower pool
(Lock and Dam 25) and mid-pool (Mosier Landing, RM 260) reaches as a function of
discharge and a water level control point at either mid-pool or at L&D 25 (predictions

from modeling done in Wlosinski and Rogala 1996).
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Chapter 2

I ntroduction

Water levels in Pool 25, Mississippi River, are currently managed at a mid-pool control
point located near Mosier Landing at river mile 260.3 by the U.S. Army Corps of Engineers
(USACE), St. Louis District. To maintain a 2.7-m navigation channel, water levels are managed
between 434 - 437 ft at Mosier Landing and from 429.7 - 434 ft at Lock and Dam 25 over a
specific range of discharges. During moderate flows, the pool becomes “tilted” when gates are
lifted to maintain water levels at the mid pool control point. When discharge exceeds values
manageable through operation of Lock and Dam 25 (often occurring during spring high water
events) all gates at the dam are raised out of the water and the river is said to be at “open river.”
Spring flood waters may recede to an elevation of 429.7 at Lock and Dam 25. This elevation,
also referred to as “maximum drawdown,” is the maximum drop in water level that will still
allow navigation in a 2.7-m channel (L&D 25 Water Control Plan). If the discharge continues to
fall, the pool is regained based on discharge rates. Typically, the Corps starts to regain pool
when the discharge causes the water level at Mosier Landing to fall below 437.0 feet.

Resource agencies recognize the need to work in conjunction with the USACE to
improve hydrologic conditions for biota within the constraints of a multi-use system (Woltemade
1997). Given the real estate constraints that the St. Louis District operates under, the L&D has
limited control over the timing of maximum drawdown during open river conditions. However,
there is some flexibility in how water levels are managed during the return of the river to the
target pool elevation following maximum drawdown. From 1994 to 1999, the time period

conducive to water-level management ranged from approximately 38 to 57 days.
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The operational goal of Environmental Pool Management (EPM) is to maintain relatively
low, stable water levels in the lower portion of the pool, following maximum drawdown in the
spring, in order to better simulate the natural hydrograph (Figure 2-1). Under some
circumstances (e.g., high discharges), water levels in Pool 25 may descend to elevations greater
than 2.0 feet below the target pool elevation, a consequence of the mid-pool control method that
is not a goal of EPM. When implementing EPM, water levels typically are held 0.5 to 2.0 feet
below the target pool elevation (434 ft in Pool 25) at the lock and dam for a minimum of 30 days
(Atwood et al. 1996). Environmental Pool Management prolongs the dry phase during the
summer growing season for nonpersistent wetland vegetation; the target time period for
implementing EPM is between May 1 to July 30 (Atwood et al. 1996). Vegetation produced by
EPM is primarily found in backwaters located in the lower reach of the pools. The target reflood
rate (rate of return to full pool) of EPM is to not exceed 0.2 ft per day so that vegetation is not
overtopped too quickly (Atwood et al. 1996). The St. Louis District implemented EPM in 1994
on Pools 24, 25, and 26. Early investigations of mudflats exposed via EPM showed lush
production of nonpersistent wetland vegetation consisting mainly of millet, chufa, and
smartweeds (Atwood et al. 1996).

Many ecological benefits are expected from EPM. On a large scale, the management
regime could provide system-wide benefits by consolidating substrates and re-establishing
wetland biogeochemical processes. The Mississippi River is a major migratory route for
waterfowl, and moist-soil plants provide food sources directly through seed and tuber production
and indirectly by increasing invertebrate abundance (Fredrickson and Taylor 1982). Aquatic

plants provide habitat for many Upper Mississippi River (UMR) fishes (Janecek 1988);

27



therefore, fish are expected to benefit from EPM. However, other than the response of plants
(Atwood et al. 1996), very little data exist that evaluate biotic responses to EPM.

During 1998 through 2002, intensive evaluation of EPM in the lower reach of Pool 25
was conducted by personnel from the Southern Illinois University Cooperative Wildlife
Research Lab, the Fisheries and Illinois Aquaculture Center, and the Southern Illinois University
Department of Zoology (Figure 2-2). The goals of this research were to quantify plant
responses, estimate above ground seed production, and measure invertebrate, waterbird, fish, and
water quality responses to the two major attributes of EPM: the lowering of water levels and
vegetation production. We also compared the aquatic communities in the lower reach of Pool 25
to those at mid-pool (Figure 2-3). Herein, we use terms such as "drawdown" and "drawdown
regime" to include the overall water-level pattern during summer and subsequent vegetation
production in a given year, and they are not necessarily referring to EPM. We make this
distinction because some results are reported and discussed herein that were not due to the
practice of EPM as currently defined. For example, due to high discharge throughout the
summer of 1999, Pool 25 remained on tilt for an extended period of time. Nonetheless, water
levels lowered and vegetation was produced (the basic components of EPM); therefore,
biological information gathered in 1999 can still be used to evaluate EPM and assess/refine how
it is practiced. Working within the premise of adaptive management, our primary objective was
to monitor the biotic responses to drawdown regimes in Pool 25 to provide insights into how
EPM can be implemented to maximize ecosystem benefits.

Our data collection corresponded to three very different drawdown regimes during
summer of 1999, 2000, and 2001 (Figure 2-4; also see Table 1-1). Water levels remained > 2.0
ft below full pool for 54 days and > 4.0 ft below full pool for 21 days during summer of 1999.
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This large magnitude and duration drawdown resulted in a high vegetation response. The
drawdown regime of 2000 was a distinct contrast to that of 1999 in that water levels were
allowed to return to full pool in late July following a 31-day drawdown period (to ensure
adequate water levels for fish), and little to no vegetation remained following re-flood. Between
mid June and mid August 2001, drawdown exceeded 1 foot for 48 days and 2 feet for 26 days;
water levels were > 3.0 ft below full pool for only 7 days. In our view, this drawdown regime
closely resembled the criteria of EPM, and resulted in a moderate amount of vegetation
compared to 1999 and 2000. Consequently, we studied three drawdown regimes that can be
characterized according to vegetation production as exceptional (1999), minimal to none (2000),

and moderate (2001).
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Figure 2-1. A theoretical depiction of Environmental Pool Management (EPM) in Pool 25,

Mississippi River.
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Table 4-14. Three-way ANOVA (N = 24) results for nine species collected in study plots at four
sites in Pool 25, Mississippi River during 1999, 2000, and 2001. Statistical significance
(p<0.05**) and marginal significance (p<0.1%*) are indicated.

Species Effect F Ratio p-value
Spotfin shiner Plot Fig= 7.63 0.033%**
Site F36= 31.12 < 0.001**
Plot*Site F;6= 4.6 0.054%**
Year F,6= 10.12 0.012%*
Plot*Year Fo6= 4.58 0.062*
Site*Year Fes= 10.53 0.006**
Common carp Plot F,17,=10.25 0.005**
Site F;1,= 5.21 0.01**
Year Fy17= 6.62 0.008**
Emerald shiner Plot Fio= 4.73 0.058%*
Site F;9= 9.62 0.004**
Year F,o= 8.54 0.008**
Plot*Year Fro= 3.5 0.076*
Site*Year Feo= 2.4 0.115
River shiner Plot Fig= 1.17 0.311
Site F;3= 6.33 0.017**
Plot*Site F;3= 22 0.166
Year F,s= 3.72 0.072*
Site*Year Fes= 2.14 0.158
Channel shiner Plot Fi17= 0.00 0.999
Site F;317=16.95 < 0.001**
Year Fy17= 1.88 0.183
Bullhead minnow Plot Fio= 3.28 0.103
Site Fio= 4.68 0.031%**
Year F,9= 4.46 0.045%*
Plot*Year F,9= 3.38 0.08*
Site*Year Feo= 2.26 0.131
Western mosquitofish Plot Fio= 19.45 0.002%**
Site F39= 24.15 <0.001**
Year F,o= 4.69 0.04**
Plot*Year Foo= 5.26 0.031%**
Site*Year Feo= 2.62 0.094*
Orangespotted sunfish Plot Fio= 0.09 0.773
Site Fio= 4.12 0.043%*
Year F,o= 0.03 0.967
Plot*Year Foo= 2.23 0.164
Site*Year Feo= 3.01 0.067*
Bluegill Plot Finn= 1.78 0.208
Site F311=12.96 0.001**
Year Fy11= 497 0.029%**
Site*Year Fe11= 4.00 0.023**
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Table 4-15.

Fish collected by boat electrofishing in the Batchtown State Wildlife Management Area 1998-
2001, Pool 25, Mississippi River. Numbers are based on 1.5 hrs of electrofishing in 1998 and 1
hr of effort in 1999-2001. Sampling was conducted at mid day in October of all years.

Common Name 1998 1999 2000 2001
(fish/hr) (fish/hr) (fish/hr)  (fish/hr)
Skipjack herring 0 0 0 1
Gizzard shad 96 141 113 17
Grass carp 0 0 0 4
Spotfin shiner 0 0 0 1
Common carp 11.3 7 6 2
Silver chub 0 0 0 1
Emerald shiner 33 0 6 17
Bullhead minnow 0 0 0 3
River carpsucker 8 14 0 18
Smallmouth buffalo 13.3 13 0 0
Bigmouth buffalo 0.7 1 0 0
Black buffalo 2.7 6 0 1
Redhorse 1.3 0 0 0
Channel catfish 1.3 1 0 0
Brook silverside 0 0 0 5
White bass 0.7 0 0 1
Bluegill 2.7 0 0 10
Orangespotted sunfish 2.7 1 0 9
Warmouth 0.7 0 0 0
Largemouth bass 0 0 0 3
Freshwater drum 1.3 0 66 0
Number of Taxa: 14 8 4 15
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Table 4-16. Fish collected with three sampling gears (seine, cast net, and modified fyke net) at
sites in Pool 25, Mississippi River during July 2001. Three sites (MS, CS, GP) were located at
midpool and four sites (JC, TU, STS, SEP) at lower pool.

Species MS

Midpool
CS

GP

JC

L ower pooal

TU

STS

Longnose gar 1
Shortnose gar -
Gizzard shad 6
Red shiner

Spotfin shiner
Common carp --
Mississippi silvery minnow --
Silver carp --
Silver chub 6
Golden shiner --
Emerald shiner 24
River shiner 40
Spottail shiner 5
Silverband shiner --
Sand shiner --
Channel shiner
Bluntnose minnow --
Bullhead minnow 58
River carpsucker --
Quillback --
Carpsucker sp --
Smallmouth buffalo --
Bigmouth buffalo 1
Buftfalo sp --
Western mosquitofish 4
Brook silverside --
White bass 2
Green sunfish --
Orangespotted sunfish 4
Bluegill --
Largemouth bass --
White crappie --
Black crappie --
Sauger 1
Walleye -
Freshwater drum --

Number of species 14 12

11 14

(Dry)

9
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Table 4-17. Fish collected with three sampling gears (seine, cast net, and modified fyke net) at
sites in Pool 25, Mississippi River during October 2001. Three sites (MS, CS, GP) were located

at midpool and four sites (JC, TU, STS, SEP) at lower pool.

Species

MS

Midpool

CS

GP

L ower pool

TU

STS

Longnose gar
Shortnose gar
Gizzard shad
Red shiner
Spotfin shiner
Common carp

Mississippi silvery minnow

Silver carp

Silver chub

Golden shiner
Emerald shiner
River shiner
Spottail shiner
Silverband shiner
Sand shiner
Channel shiner
Bluntnose minnow
Bullhead minnow
River carpsucker
Quillback
Carpsucker sp
Smallmouth buffalo
Bigmouth buffalo
Buffalo sp

Western mosquitofish
Brook silverside
White bass

Green sunfish
Orangespotted sunfish
Bluegill
Largemouth bass
White crappie
Black crappie
Sauger

Walleye
Freshwater drum

Number of species

15

11

10

10

11

13

110



Table 4-18. Fish collected with three sampling gears (seine, cast net, and modified fyke net) at
sites in Pool 25, Mississippi River during April, 2002. Three sites (MS, CS, GP) were located at

midpool and four sites (JC, TU, STS, SEP) at lower pool.

Midpool
Species MS CS GP JC

L ower pool

TU

STS

Longnose gar -- - - -
Shortnose gar -- - - -
Gizzard shad 1 17 -- -
Red shiner - - - -
Spotfin shiner 3 135 2 5
Common carp -- - - -
Mississippi silvery minnow — -- 20 1 --
Silver carp - - - -
Silver chub - - - -
Golden shiner - -
Emerald shiner 19 851 40 1
River shiner -- -- 5 -
Spottail shiner -- - - -
Silverband shiner - - - -
Sand shiner - 1 - -
Channel shiner 1 14 35 22
Bluntnose minnow -- -- -- -
Bullhead minnow 4 12 -- -
River carpsucker -- - - -
Quillback -- -- -- -
Carpsucker sp -- - - -
Smallmouth buffalo -- -- -- -
Bigmouth buffalo -- - - -
Buffalo sp - - - -
Western mosquitofish - 6 -- 91
Brook silverside
White bass - 1 - —
Green sunfish - -- - -
Orangespotted sunfish -- 1 - 5
Bluegill - - - -
Largemouth bass -- 4 - -
White crappie -- - - -
Black crappie - 1 - -
Sauger - - - -
Walleye -- - - -
Freshwater drum -- - - -

Number of species 6 12 5 5

10

10
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Table 4-19. Fish associated with EPM-induced residual vegetation at eight sites in lower Pool

25, Mississippi River. Batchtown West (BW), Batchtown East (BE), Jim Crow (JC), and Turner
Island (TU) were sampled in spring of 1999. Little Stag (LS) and Little Hole (LH), Church
Slough (CS), and Hausgen (HA) were sampled in spring of 2000, 2001, and 2002, respectively.
Numbers represent YOY fish unless separated by a colon (YOY:Adult).

Species BW BE JC TU LS LH CS HA
Shortnose gar - - - - - - 2 -
Gar species - 1 27 6 - 5 - -
Goldeye - - - 5 - - - -
Mooneye 8 2 13 9 - - 53 -
Gizzard shad 1:1 15 745 10 8 - - -
Central stoneroller - - - - - - - 3
Grass Carp - - - - - 1 - -
Spotfin shiner 0:5 0:25 0:11  0:34 - 0:76  0:13 0:49
Common carp - - 14 - - - 1 0:2
Mississippi silvery minnow 1 - - - - - - -
Bighead carp - - 12 - - - - -
Silver chub - - 70 65 1 - - R
Golden shiner - - - - - 2 - R
Emerald shiner 0:9 4:21 25:6 47:31 - 4:1 0:24  0:30
River shiner - - 1 - - - - 0:14
Bigmouth shiner - - - 1 - - - -
Spottail shiner - - 1 3 - - - R
Channel shiner 0:11 0:12 0:17 0:40 - - - 0:87
Suckermouth minnow - 1 - 1 - - - -
Bullhead minnow 0:1 0:3 - 0:1 - - 1 0:29
Creek chub - 1 - - - - - -
Carpsucker species - - 4 1 - - - -
Blue sucker - 2 - 1 18 - - -
Smallmouth buffalo - - - - - 5 7 -
Bigmouth buffalo - - - - - - 19 -
Buffalo species - 1 28:1 4 2432 15 9 -
Redhorse species - - 1 7 - - - -
Channel catfish - - 0:1 - - - - -
Western mosquitofish 1 - 107 3 1818 1029 2 -
White bass - - 20 13 1 - - -
Orangespotted sunfish - 4 0:3 0: - - 0:3 0:3
Bluegill - - 0:3 - 0: 119:6  0:7 0:7
Lepomis species - - - - - 195 - -
Largemouth bass - - - - - 2 2 -
Black crappie - - - - - 22 - -
Johnny darter 1 - 1 - - - - -
Logperch - - 12 29 - - - -
River darter 1 - - - 24 - - -
Pikeperch species - - 1 1 2 - - -
Freshwater drum - 2 311 163 - - 1 0:1
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Figure 4-1. Dissolved oxygen concentration measured in devegetated and vegetated
plots in 1999 on five dates at four sites in Pool 25, Mississippi River.
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Figure 4-2. Mean (95% C.1.) fish abundance, species richness, and Shannon Index in
study plots and shoreline station at sites in Pool 25, Mississippi River during 1999,
2000, and 2001. Sample sizes are above bars.
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Figure 4-3. Mean (95% CI) fish abundance and species richness and total Shannon Index by
site in study plots and shoreline station in Pool 25, Mississippi River during 1999, 2000, and 2001.
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Figure 4-4. Mean (+ 95% CI) abundance of the common carp, river shiner, and
bullhead minnow in study plots in Pool 25, Mississippi River during 1999, 2000,
and 2001 at four sites (BE, BW, JC, and TU). Mean abundance of the bullhead
minnow in devegetated plots in 2000 was zero.
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Figure 4-5. Mean (+ 95% CI) abundance of the spotfin shiner, channel shiner,
and emerald shiner in study plots in Pool 25, Mississippi River during 1999, 2000,
and 2001 at four sites (BE, BW, JC, and TU).
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Figure 4-6. Mean (+ 95% CI) abundance of the western mosquitofish, orangespotted
sunfish, and bluegill in study plots in Pool 25, Mississippi River during 1999, 2000,
and 2001 at four sites (BE, BW, JC, and TU). Mean abundance of the western
mosquitofish in devegetated plots during 2001 was < 1.0. Mean abundance of
bluegill in 1999 was < 1.0 and zero in vegetated and devegetated plots, respectively.
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Figure 4-7. Length (mm)(x-axis) - frequency (y-axis) histograms of the emerald shiner in study
plots in Pool 25, Mississippi River from 1999-2001.
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Figure 4-8. Length (mm)(x-axis) - frequency (y-axis) histograms of the spotfin shiner in
study plots from sites in Pool 25, Mississippi River from 1999-2000.
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Figure 4-9. Length (mm)(x-axis) - frequency (y-axis) histograms of the channel shiner in
study plots from sites in Pool 25, Mississippi River from 1999-2001.
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Figure 4-10. Length (mm)(x-axis) - frequency (y-axis) histograms of the western mosquitofish
in study plots from sites in Pool 25, Mississippi River from 1999-2001.
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Chapter 5

M acroinvertebrate and Zooplankton Responses

To Environmental Pool Management

Primary Principle Investigators. M.B. Flinn and M.R. Whiles
Objectives

1. Quantify invertebrate and organic matter responses to vegetation produced by EPM both
through experimental manipulation and examining interannual differences in vegetation

production.

2. Quantify differences in organic matter and abundance and diversity of invertebrates between

mid-pool and lower-pool reaches of Pool 25.
3. Quantify zooplankton responses to vegetation produced by EPM.
Methods

| nvertebrate and organic matter responses to EPM and emergent vegetation

Five and 6 sites during 2000 and 2001, respectively, were selected in lower Pool 25 for
examining invertebrate and organic matter responses to the presence of vegetation (see Figure 2-
2, Chapter 2). Jim Crow, Turner, Batchtown West, Batchtown East, and Dixon Pond were used
in 2000 and Hausgen was added to increase replication during 2001. At each site, a paired-plot
design consisting of a 400-m? vegetated plot and adjacent 400-m” devegetated plot were

established. Vegetated plots were undisturbed, whereas a backpack sprayer and the herbicide
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Rodeo” were used to remove vegetation from devegetated plots during the summer drawdown
period. Plots were marked with rebar stakes and colored flagging and the same plots were used
during both study years (except Hausgen which was added in 2001).

During 2000, there was a minimal vegetation response because there was only a very brief
(~31 days) summer drawdown. Therefore, experimental devegetation plots were not treated with
herbicide during 2000. Most sites had no differences between vegetation treatments during 2000,
with exception of Jim Crow, which had a narrow band of vegetation along the shoreline in the
vegetated plot. In contrast, a moderate vegetation response was observed in 2001 and
devegetated plots were thus treated with herbicide during the summer drawdown period to
remove vegetation. Because there was a vegetation response in 2001, we emphasize results from
the 2001 study year for assessing responses to emergent vegetation.

Three 314-cm? stove pipe core samples were collected in each vegetated and devegetated
plot after late summer/fall re-flooding in 2000 and 2001. Exact sample locations were chosen in
a stratified random manner to account for the depth gradient (shallow, middle, deep) across the
plots. For each sample, the corer was plunged through the water and into the substrate. All water
in the core was then bailed and substrates were removed down to a depth of ~10-cm. The entire
contents of each benthic core (water and substrates) were emptied into a plastic five-gallon
bucket, elutriated, and rinsed through a 250-pm sieve in the field. Material retained on the sieve
was placed in plastic bags and preserved in 10% formalin solution with phloxine-b dye added to
aid sorting.

Organic matter - Core samples were used to estimate benthic organic matter standing
stocks in vegetated and devegetated plots. In the laboratory, samples were sieved into fine

particulate organic matter (FPOM = < Imm > 250 um) and coarse particulate organic matter
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(CPOM = > Imm) fractions. Following macroinvertebrate removal (see below) fractions were
then dried for a minimum of 48 hours at 50° C, weighed, ashed at 500° C for 1-2 hours, and then
reweighed to estimate ash-free dry mass (AFDM). Data were standardized to m™ prior to
statistical analyses.

Macroinvertebrates - In the laboratory, samples were processed to remove all
macroinvertebrates by washing through nested sieves (1 mm and 250 pm mesh sizes).
Invertebrates in coarse fractions (>1 mm) were sorted and removed by eye and fine fractions
(<Imm >250 pum) were processed under a dissecting microscope. Fine fractions were
occasionally subsampled (up to 1/16 of total) when they were large and/or contained large
numbers of invertebrates. Macroinvertebrates were identified to the lowest practical taxonomic
level (usually genus) according to Merrit and Cummins (1996) and Smith (2001) and measured
(total body length). Taxon-specific length-mass regressions (Benke et al. 1999, Stagliano et al.
1998, Schoener, 1980, Bottrell et al. 1976, Rogers et al. 1976) were used to estimate biomass
(dry mass [DM]) based on body length. Abundance and biomass data were standardized to m?
prior to statistical analyses.

Zooplankton- Zooplankton communities were sampled in each vegetated and
devegetated plot using a 9-cm diameter littoral sampling tube (Pennak 1962). Three samples
were collected in each plot after late summer/fall re-flood (September 12 and October 14, 1999;
September 30 and October 21, 2000; September 9 and October 6, 2001). Samples collected in the
same year were combined in analyses. Thus, there were six samples collected in each treatment
per year. Samples collected in the tube were rinsed through 80-pum Nitex”™ mesh, placed in 100-
ml plastic containers, and preserved in 5% buffered formalin. In the laboratory, samples were

rinsed through an 80-um Nitex” mesh sieve, placed under a dissecting microscope, and counted
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and identified to the lowest practical taxonomic level (usually family) using Smith (2001). Raw
abundance data were converted to individuals/L based on the original volume of water sampled
with the tube.

Satistical analyses- Organic matter, macroinvertebrate, and zooplankton data from each
year were analyzed separately using one-way analysis of variance blocked over sites. The JIMP®
statistical software package (SAS Institute, 2001) was used for all analyses. Values were
transformed (log [x+1], or arcsine where appropriate) to normalize data and reduce
heteroscedasticity prior to analysis. We tested for significance at o =0.05 and considered p values
of 0.05-0.1 marginally significant because of replication constraints and the inherent variability

of these types of field data sets.

Response to hydrologic fluctuations: midpool versus lower pool

Three sites at midpool (Coon Slough, McCoy Slough, and Gyrinid Point) and four sites at
lower pool (Jim Crow Slough, Stag Slough, Serpent Slough, and Turner Tip) (see Figures 2-2, 2-
3, Chapter 2) were chosen to compare macroinvertebrate and zooplankton responses to increased
hydrologic variability associated with lower pool habitats during 2001-2002. Representative off-
channel habitats that were contiguous with the main channel during full pool conditions were
chosen for sites at midpool and lower pool. At each site, a 30-m representative linear study reach
was designated on one shoreline.

Organic matter and macroinvertebrates- Benthic core samples were collected in July and
September 2001 and April 2002. On each sampling date, three 314-cm? benthic core samples
were collected and processed for organic content and macroinvertebrates using the same

procedures as outlined above for experimental vegetation plots. Samples were not collected at
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the Serpent Slough and Turner Tip sites (both lower pool) during July 2001 because they were
completely dry. As a result, it was assumed there were no aquatic macroinvertebrates present
and these sites received 0 values for this date in statistical analyses. For organic matter, Serpent
Slough and Turner Tip sites were not included in analyses for July 2001 because samples were
not collected when the sites were dry and organic matter values were unknown. Samples
collected in the vegetated treatment at Turner Tip (lower pool) for the vegetation study (see
above) were used for September 2001 values for that site.

Zooplankton - Zooplankton were sampled at each site using a Wisconsin style
zooplankton net (11 cm diameter) fitted with 80-pm Nitex® mesh. Three 4-m hauls were
performed perpendicular to shore at mid-depth at each site in September 2001 and April 2002. In
July 2001, zooplankton were collected at all midpool sites but only one lower pool site, Stag
Slough, had sufficient water to sample zooplankton. Because there was no, or very little (e.g.,
wet mud) water present at the other lower pool sites in July, it was assumed there were no
zooplankton present and they received 0 values in statistical analyses. Zooplankton samples
were processed and analyzed in the same fashion as outlined above for experimental vegetation
plots. Zooplankton net sampling efficiency was not calculated during our study; comparisons of
our data with other studies should consider the net efficiency for our study ~50-70% (Gehringer
1968).

Satistical analyses- For midpool vs. lower pool comparisons, data were analyzed using a
repeated measures analysis of variance (ANOVA). Values were log (log [x+1]) transformed to
normalize data and reduce heteroscedasticity prior to analysis. Where appropriate, F values and
degrees of freedom were Huynh-Feldt corrected (Milliken and Johnson 1992). All procedures

were performed using JMP® statistical software (SAS Institute, 2001).
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Results

Responses to Emergent Vegetation

Organic matter - Differences in benthic organic matter in vegetated and devegetated
treatments were evident during both years, even though there was no vegetation response to the
limited drawdown during 2000. In 2000, there was significantly higher total organic matter in the
vegetated plots (p = 0.008), primarily because the coarse fraction was significantly higher in the
vegetated plots (p = 0.004) (Figure 5-1, Table 5-1). There was no difference in the fine fraction
in 2000. In 2001, total organic matter in vegetated plots was somewhat higher in vegetated plots
(p = 0.125), and coarse organic matter was marginally significantly higher in vegetated plots (p
= 0.087). Vegetated treatments contained 25% more total organic matter and 75% more coarse
fraction organic matter during 2001, but there was no difference in fine particulate organic
matter between treatments in 2001.

Macroinvertebrates- During both study years, there were no significant differences in
total macroinvertebrate abundances between treatments (Figure 5-2, Table 5-2), but there were
differences among individual taxa. Oligochaetes were the most abundant macroinvertebrate
sampled in both 2000 and 2001 (Figure 5-3, Table 5-3). However, no significant differences in
Oligochaeta total abundance were observed between treatments during the two years. Although
not different in 2000, Chironomidae abundance was ~2.5x higher in devegetated treatments
compared to vegetated treatments in 2001(p = 0.003, Figure 5-4, Table 5-4).

Total macroinvertebrate biomass was also similar between vegetated and devegetated
treatments during 2000. During 2001, however, vegetated plots had ~2x higher

macroinvertebrate biomass than devegetated plots (p = 0.001) (Figure 5-5, Table 5-5). The
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difference in total biomass during 2001 was primarily because of significantly higher
Oligocheata biomass in vegetated plots during 2001 (p = 0.009); Oligocheata biomass was
similar between treatments during 2000 (Figure 5-6, Table 5-6). In contrast to oligochaetes,
Chironomidae biomass was ~5x higher in the devegated plots during 2001 (p = 0.012) (Figure 5-
7, Table 5-7) owing to higher biomass of Chironomus, Polypedilum, and Tanytarsus.

Macroinvertebrate community metrics also reflected differences between treatments. During
2001, diversity was significantly higher in the vegetated plots (H'=1.02) compared to
devegetated plots (H'=0.75) (p = 0.006) (Table 5-8). Dominance, calculated as co-dominance by
Oligochaeta and Chironomidae, was significantly higher in devegetated plots (0.90) compared to
vegetated (0.73) in 2001 (p<0.0001) (Table 5-8). Taxonomic richness was similar between plot
types during both years (Table 5-8).

Zooplankton - Total zooplankton abundance in 1999 was 165% higher in the vegetated
plots than the devegetated plots (p = 0.043) (Figure 5-8, Table 5-9), mostly due to the higher
abundance of Chydoridae (p = 0.049), Sididae (p = 0.029) and cyclopoid copepods (p = 0.056)
in vegetated plots. However, during 2000 and 2001 there were no significant differences in total

zooplankton abundance or individual taxa abundance between treatment types.

Responses to hydroloqgy: midpool versus lower pool

Organic matter - Total (p<0.0001), coarse (p<0.0005), and fine (p<<0.0001) fractions of
particulate organic matter differed significantly between midpool and lower pool sites during the
summer 2001 re-flood — spring 2002 study period (Figure 5-9, Table 5-10). In July 2001, there
was 319% more total organic matter at midpool sites compared to those in the lower pool.

Conversely, in September 2001 and April 2002, the lower pool sites had approximately 2x more
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organic matter than midpool sites. Both CPOM and FPOM fractions followed these general
trends.

Macroinvertebrates - Total macroinvertebrate abundance differed significantly between
midpool and lower pool sites during the summer 2001 re-flood — spring 2002 study period (p =
0.023) (Figure 5-10, Table 5-11). The largest difference between midpool and lower pool sites
was observed in July 2001 and April 2002, when total macroinvertebrate abundances were 230%
and a 134% higher in lower pool sites, respectively. Total biomass was also significantly
different (p = 0.026) and followed the same trend as abundance; lower pool sites had 216% and
323% higher biomass during July 2001 and April 2002, respectively (Figure 5-11, Table 5-12).
During September 2001, both total macroinvertebrate abundance and biomass did not differ
greatly between midpool and lower pool sites.

Of individual taxa, Oligocheata abundance was significantly different between midpool and
lower pool sites (p 0.011), and this difference was most pronounced in April 2002 when lower
pool sites had ~20% higher oligochaete abundance compared to midpool sites (Figure 5-12,
Table 5-13). Oligochaeta biomass was also significantly different (p =0.001), and was ~9x
higher at midpool sites in July 2001 (Figure 5-13, Table 5-14). However, Oligocheata biomass
was 140% higher in the lower pool in April 2002.

Chironomidae abundance showed a similar pattern as oligochaetes, with a ~5x higher
abundance at midpool sites compared to lower pool sites in July 2001, near equal abundances in
midpool and lower pool sites in September 2001, and then ~1.5x higher abundance in lower pool
sites in April 2002 (p =0.002) (Figure 5-14, Table 5-15). Chironomidae biomass was also
significantly different between sites (p = 0.002) (Figure 5-15, Table 5-16), with the biggest

difference, ~8.5x higher biomass in lower pool sites, in April 2002.

130



Macroinvertebrate community metrics also reflected differences between pools during the
fall 2001 re-flood — spring 2002 study period. Significant differences in Shannon diversity (p =
0.003), were most evident in July 2001, where midpool diversity (H'=1.4) was ~2x higher than
lower pool (H'=0.67) (Table 5-17). Subsequent sample dates showed more similar diversity
values in September 2001 and by April 2002 diversity was higher in the lower pool sites
(H'=1.05) compared to midpool (H'=0.85). Richness followed the same trend; in July richness
was ~1.3x higher in midpool sites, in September there was no difference, and in April richness
was ~1.5x higher in lower pool sites (Table 5-17). Dominance, calculated as co-dominance by
Oligocheata and Chironomidae, was significantly different (p = 0.001) between midpool and
lower pool sites. Dominance at midpool was ~1.25x higher than lower pool sites in July 2001
and April 2002, but this trend was reversed in September 2001 (Table 5-17).

Zooplankton - Zooplankton abundance was significantly different between midpool and
lower pool sites during the summer 2001 re-flood — spring 2002 study period (p = 0.032) (Figure
5-16, Table 5-18). Differences were most pronounced in September 2001, when abundance at
midpool sites was ~2.5x higher than lower pool. In April 2002, abundance was relatively higher
at both lower pool and midpool sites compared to other sample dates. Of zooplankton taxa,
Cyclopoida (p = 0.032) and immature copepods (nauplii) (p = 0.004) differed most between
pools. These two groups had lowest abundance in July 2001 and then gradually increased until

April 2002.

Discussion

We analyzed the 2000 and 2001 study years separately because of substantial differences

in hydrology and drawdown periods between the 2 years. As a result of hydrologic differences,
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associated vegetation responses were also quite different, with very little response during the
short drawdown period (28 days at 1 ft below full pool) of 2000 and a more substantial response
during the longer drawdown period of 2001 (48 days at 1 ft below full pool) (see Figure 1-2,
Table 1-1, Chapter 1). Because we were interested in responses to vegetation, and very little
emergent vegetation was produced during 2000, we emphasized results from 2001 for
interpreting macroinvertebrate and zooplankton responses to vegetation treatments. Likewise,
we assumed that the general lack of differences in the communities between vegetated and
devegetated plots during 2000 was related to the lack of vegetation. For zooplankton, we also
include samples collected during 1999, a year with the strongest vegetation response observed

yet during EPM studies in pool 25 (Chapter 3).

Benthic organic matter in vegetation manipulation plots

The distribution of benthic organic matter can be an important determinant of invertebrate
diversity and productivity (e.g., Egglishaw 1964, Silver et al. 2000, Baer et al. 2001), and some
important patterns were evident during this study. Despite a lack of vegetation response in 2000,
differences in benthic organic matter were evident during this year. Most likely, this was a result
of residual organic matter from the strong vegetation response in these treatments during 1999
(Chapter 3). This is a potentially important result because it suggests that vegetation responses
during a given year may influence food and habitat resources for invertebrates and other groups
during subsequent years. However, we did not observe substantial differences in invertebrate
communities between vegetated and de-vegetated treatments during 2000, indicating the residual
organic matter was not having a substantial influence on invertebrate distributions, at least at the

scale of our examination. This was most likely because benthic organic matter does not offer the
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structure and complexity of standing emergent vegetation, and thus may not have as much
influence on the distribution of invertebrates. Further, since collector-gatherers dominated the
invertebrate communities in these habitats, differences would likely be most evident where
differences in FPOM, their primary food source, were evident (Whiles and Wallace 1995,
Wallace and Webster 1996). Throughout this study, FPOM showed the least variability between
treatments. In fact, average combined treatment FPOM values differed by less than 1.0 g
AFDM/m’ between 2000 and 2001, evidence that perhaps FPOM is less spatially and temporally

variable in this system compared to larger particles.

Macr oinvertebr ate responses to vegetation

Macroinvertebrate responses to vegetation varied greatly between study years. In 2000, total
macroinvertebrate abundance and biomass did not differ across treatments and no differences in
individual taxa, including Chironomidae and Oligochaeta that dominated communities, were
observed. We hypothesize that this lack of differences during 2000 was related to the lack of a
vegetation response, even though there were some differences in benthic CPOM between
treatments.

In contrast to 2000, differential responses to the presence of vegetation were evident among
major invertebrate groups, although total values still did not differ across treatments. In 2001,
total macroinvertebrate abundance and Oligochaeta abundance were similar across treatments.
Since the oligochaetes in our samples are primarily benthic and are collector gatherers, and
benthic FPOM resources were similar between treatments, this was not a surprising result.
During 2001, oligochaetes outnumbered other taxa by more than 10 to 1. Hence, detecting a

difference in total macroinvertebrate abundance was difficult due to the fact that other taxa made

133



up such a small proportion of the total. Despite the similarity in abundances, Oligochaeta
biomass was significantly higher in vegetated plots in 2001, indicating larger oligochaetes were
present in the vegetated treatments. This may be a result of taxonomic differences in oligochaete
communities in the two plot types, a factor we did not examine. Another possibility is that
oligochaetes could live longer, and thus grow larger, in vegetated sites due to fewer disturbances
and reduced predation. Becket et al. (1992) suggested open areas (no vegetation) of lentic
littoral zones were areas of increased disturbance and higher predator efficiency. The root
systems of aquatic macrophytes have also been shown to oxidize sediments (Chen and Barko
1988), and an increase in oxygen in the sediments could also shift the distribution of oligochaete
taxa and/or size classes.

Chironomidae communities during 2001 were dominated by three genera, Chironomus,
Polypedilum, and Tanytarsus. These three genera have been associated with a variety of habitats
(Epler, 1999), and perhaps a species level preference for devegetated areas may explain the
differences we observed. The possible effects of predation by other macroinvertebrates in the
vegetation seem unlikely since most of these chironomid taxa burrow in the sediment, while
most macroinvertebrate predators found in the vegetated plots were clingers or climbers
associated with the vegetation. Fish and other vertebrate predators may also have impacted
chironomid abundance, but this explanation also seems unlikely because it has been shown that
vertebrate predator effectiveness is often lower in vegetated areas due to interference. For
example, under laboratory conditions, Hershey (1985) showed that fishes that foraged in
vegetated areas consumed about half as many chironomid larvae as those that foraged over bare

sediments.
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Differences in community metrics between plots (e.g., Shannon diversity) suggest that the
vegetation was providing a structural habitat for macroinvertebates that was absent in
devegetated treatments during 2001. The vegetated treatments had higher numbers of clinger-
climber taxa such as Odonata (~9x higher), Berosus (Coleoptera: Hydrophilidae) larvae (~4x
higher), and Callibaetis (Ephemeroptera: Baetidae) (39x higher). The increased abundance of
these taxa undoubtedly contributed to community evenness and thus the lower dominance value
in the vegetated treatment during 2001. Although these taxa were not dominant, their response is
important because they represent increased diversity of prey for higher trophic levels, including
prey that are available in different microhabitats (e.g., on vegetation in the water column rather
than buried in sediments like oligochaetes) and they represent different size classes of prey.

Although we treated plots as replicates, important differences among plots became evident
during this study and may have influenced our results. For example, Jim Crow slough had
consistently high taxonomic richness in the vegetated treatment (mean 15.6) compared to other
vegetated treatments (mean Dixon=13.3; Hausgen=11; Batch East=9.3). This site appeared
unique and in many analyses it disproportionately influenced results. One unique characteristic
of Jim Crow Slough compared to the other sites is that it becomes disconnected from the main
channel for an extended period of time during the summer (~30-60 days) under EPM water level
regulation. Unless high water events inundate Jim Crow Slough during the summer, it may go
through periods of occasional drying. If not too frequent or severe, these drying events could be
classified as moderate disturbances that limit biotic interactions and lead to increased richness

and diversity (e.g., Connel 1978, Whiles and Goldowitz 2001).
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Zooplankton responses to vegetation

Zooplankton abundance varied less than expected from 1999-2001. In 2000 and 2001, little
or no differences were found in total zooplankton abundance or individual taxa. As discussed
above, the vegetation responses differed between the three years sampled and zooplankton
abundance appeared to follow vegetation responses. For example, in 2000, when there was no
vegetation response, there were no differences in zooplankton abundance. In 2001, there was a
moderate vegetation response and a slight difference in the zooplankton abundance in treatments
was evident. Finally, the 1999 vegetation was quite strong and this was the only year in which
there was a statistical difference in zooplankton abundance between treatments (higher in
vegetated plots).

Based on water quality data, the difference in zooplankton abundance observed in 1999
might seem unexpected. Dissolved oxygen was often low in the vegetated treatments during
1999 because shading effects from the heavy vegetation canopy limited light penetration and
presumably photosynthetic activity (Chapter 4). However, in 1999 we did record lower levels of
turbidity in the vegetated treatment (Chapter 4), and it has been shown that suspended fine
particulates like clay and silt may impede zooplankton feeding if they overwhelm algal particles
in the water (Threlkeld 1986, Kirk 1992). Additionally, Chydoridae (Cladocera) and Cyclopoida
(Copepoda) were the two most abundant taxa and were responsible for differences between plots.
Chydorids are typically not planktonic, but crawl along surfaces where they scrape or filter
detrital particles (Fryer 1968). Thus, the observed shading effects of the 1999 vegetation may not
have affected chydorids. Likewise, many cyclopoid copepods are carnivorous (Fryer 1957) and

thus would also be unaffected by low phytoplankton abundance.
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Responses to hydrologic variability: midpool vs. lower pool

The midpool and lower pool regions of Mississippi River Pool 25 are characterized by
different hydrologic regimes. The midpool sites we chose for this study were similar to the lower
pool sites during full pool, but the two sites experience different hydrologic dynamics as the pool
is drawn down. The midpool sites undergo periods of lower water during drawdown, but rarely,
if ever go dry, whereas lower pool sites are subject to more extremes and can go dry during
drawdown. Hence, hydroperiods at the midpool sites are generally longer, with almost
continuous water throughout the year, whereas the hydroperiods at the lower pool sites are
shorter, and these sites often experience periods without water. For this reason, there is a distinct
difference between the vegetation responses at midpool sites versus lower pool sites, with a
much higher response at lower pool. Even with drawdown events associated with EPM, water
levels at midpool are minimally influenced. The midpool sites generally have steeper sided banks
and therefore a comparable change in water level inundates or exposes far less shoreline and
mudflat habitat at midpool compared to lower pool, which in turn can influence development of
vegetation. Our comparison of midpool and lower pool backwater sites provides further
information on the effects of environmental pool management by comparing sites directly
targeted by EPM (lower pool) with sites that are less affected (midpool).

Benthic organic matter dynamics varied significantly between midpool and lower pool sites
during our study. Organic matter resources have been shown to be important to
macroinvertebrates, and differences in the availability and distribution of this potentially limiting
resource could influence macroinvertebrate communities (e.g., Egglishaw 1964, Silver et al.
2000, Baer et al. 2001). A noticeable difference was that midpool benthic organic matter values

were generally less variable across sample dates (mean ~220 g AF DM/m? +/- 15%) compared to
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lower pool sites (mean ~310 g AFDM/m? +/- 76%). This result was likely due to differences in
hydrology (e.g., periods of deposition associated with low water and periods of scour associated
with high water and connectivity to the river) between the two regions of the pool.

During September 2001 and April 2002, lower pool sites had ~2x more benthic organic
matter compared to midpool sites. This difference may be due to greater amounts of deposition at
the lower pool sites that become more lentic and disconnected from the river for longer periods
than midpool. Also, the general lack of inundated moist soil vegetation at midpool compared to
lower pool sites may have contributed to this pattern. Vegetation produced in Situ at lower pool
sites appeared to contribute greatly to benthic organic matter pools there, whereas midpool
organic matter resources had more woody debris and tree leaves in the CPOM fraction. Thus, the
source of coarse organic materials at midpool sites was less clear than for lower pool, but may be
coming from upstream sources or lateral inputs from trees and other floodplain vegetation (e.g.,
Vannote et al. 1980, Junk et al. 1997).

Macroinvertebrates responded differently to lower pool and midpool hydrology.
Macroinvertebrate communities were both more abundant and higher in biomass in the lower
pools throughout the study period. This response was driven by a few dominant taxa in the lower
pool, the oligochaetes and the Chironomidae genera Chironomus, Polypedilum and Tanytarsus,
all of which may prefer the more depositional nature of the lower pool sites. The exceptionally
large difference in total macroinvertebrate abundance and biomass in July 2001 may have been
exaggerated due to concentration in the lower pool sites that had water and were sampled, Jim
Crow Slough and Stag Slough. Water in both sites during this period was confined to a narrow
strip (<1m) of very shallow water (<5cm) in the middle of the site, and remaining

macroinvertebrates were likely becoming increasingly concentrated. This may have also
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increased the chance of catching rare or uncommon species and thus inflated richness and
diversity values at these sites during this period.

An important result of this study that was not evident from richness or diversity values was
the differences in macroinvertebrate community composition between the midpool sites and
lower pool sites. There were 13 unique taxa (three Ephemeroptera families, one Odonata genus,
one Trichoptera genus, one Coleoptera family, and 7 Diptera genera) collected at midpool that
were not collected at lower pool sites. Many of these taxa have longer life cycles (e.g.,
univoltine: one generation per year) that require longer periods of inundation, and thus they may
not survive at lower pool sites because of more frequent and intense dry periods.

The difference in hydroperiod between midpool sites and lower pool sites may shape
macroinvertebrate communities in different ways. The longer hydroperiods and more stable
conditions at midpool sites likely favors longer-lived taxa, but the more frequent hydrologic
disturbances at the lower pool sites could enhance diversity by limiting biotic interactions (e.g.,
Connel, 1978). Whiles and Goldowitz (2001) showed that backwater wetland sites of the Platte
River that had intermediate hydroperiods (250-300 days/year), and thus intermediate levels of
drying disturbance, had higher richness than sites with longer or shorter hydroperiods.
Conversely, it has been shown in other studies that freshwater habitats that are least disturbed
can harbor higher invertebrate richness (Death and Winterborne 1995), and timing since the last
disturbance is most important. In the case of pool 25, the timing of the drawdown may be an
important factor affecting richness and diversity of macroinvertebrates in pool 25. Since the
drawdown usually begins in early summer (June), many univoltine macroinvertebrate taxa have
already completed the aquatic portion of their life cycle and emerged as adults.

Macroinvertebrates that have shorter bivoltine or polyvoltine (i.e., two or more generations per

139



year) life cycles are likely affected by dry periods and experience reduced abundance, but these
types of invertebrates are quick to recolonize and build up populations following disturbance
(e.g., Gray 1981, Molles 1985, Wallace 1990, Whiles and Wallace 1995).

The mix of hydrologically different habitats (e.g., midpool vs. lower pool) that results from
managing pool 25 with a midpool control point may be an optimal situation. Sites at midpool
provide habitats with longer hydroperiods and thus have more longer-lived and larger-bodied
taxa, while sites at lower pool provide habitats with relatively shorter hydroperiods and more
emergent vegetation that may enhance macroinvertebrate abundance, biomass, and production.
Combined on a larger scale, this hydrologic habitat diversity likely enhances macroinvertebrate
abundance and diversity at the landscape scale.

The more lentic conditions of lower pool sites appeared to favor zooplankton communities, at
least by April 2002. For example, at Jim Crow Slough and Stag Slough, which are the most
disconnected and lentic of all sites we examined, zooplankton abundances were ~10x and ~2.5x
greater, respectively, than those of other sites during this study. However, the lack of water in
lower pool sites during July 2001, and the rather short wet period from re-flood to the September
2001 sampling date may have limited development of zooplankton communities in summer-fall.
During July 2001, only one sample was taken in the lower pool sites because most sites were dry
and thus had no zooplankton in them. However, all midpool sites had water in July. Hence, the
more lentic lower pool sites appear to support higher abundance of zooplankton during most of
the year, exclusive of long drawdown events and subsequent recovery periods. Sites at midpool
may not be optimal habitat for zooplankton because they periodically experience flow through

them which may flush zooplankton.
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The results of this study suggest numerous benefits of EPM. In particular, EPM effectively
provides a heterogeneity of habitats with different hydrologic regimes within the same pool, and
is thus compatible with management goals to maximize available food for waterfowl and fish
because on a landscape scale macroinvertebrate diversity and abundance are enhanced. While
midpool and lower pool may be different in terms of hydrology and macroinvertebrate
communities, combined they provide increased macroinvertebrate resources in terms of
diversity, abundance, and biomass.

We hypothesize that midpool and lower pool habitats represent hydrologic extremes of a
gradient that exists between the two points. This may be important and deserves further
investigation. For example, the possibility of a gradient of hydrologic conditions from midpool
to lower pool could serve a dual purpose of further enhancing the range of hydrologic habitats
within the pool and thus macroinvertebrate and zooplankton diversity. Organisms requiring
more stable habitats with longer hydroperiods will likely show increasing abundance in off-
channel habitats as midpool is approached, while management practices that use dry periods to
enhance emergent vegetation, invertebrate abundance and biomass, and waterfowl use will be
more effective as lower pool is approached.

Though the management goals of EPM do not include macroinvertebrate and zooplankton
community responses per se, these groups have a substantial role in a successful ecosystem
management plan. Freshwater macroinvertebrates and zooplankton are a well-documented food
source to higher trophic levels including fish and birds, and this includes emergent adult insects
that are important in riparian food webs (e.g., Orians 1964, Hynes 1970, Orians1980, Street

1977, Sjoberg and Danell 1982, Gray 1993, Cox and Kadlec 1995). Therefore, the primary goals
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of EPM to increase vegetation and seed biomass also provide the additional benefit of enhancing

macroinvertebrate and zooplankton resources.
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Table5-1. Benthic organic matter for six devegetated (deveg) and vegetated (veg) sites on Pool 25, Mississippi River in fall of 2000 and 2001. Numbers
represent dry weight of ash free organic matter (g AFDM / m?). The Hausgen site was added in 2001.

2000 2001
DEVEG VEG DEVEG VEG
Site Core Total CPOM FPOM | Total CPOM FPOM Total CPOM FPOM | Total CPOM FPOM
Batch East 1 281 190 91 586 294 292 475 176 299 409 177 231
Batch East 2 459 243 216 572 412 160 358 141 17 530 301 229
Batch East 3 652 399 254 550 395 155 229 109 121 14 160 255
2
Batch West 1 101 45 55 374 179 195 459 247 213 385 237 148
Batch West 2 66 23 43 172 127 45 441 277 165 300 171 129
Batch West 3 72 26 46 476 326 150 390 21 179 447 339 108
Dixon 1 164 83 81 189 56 133 308 83 224 236 95 141
Dixon 2 288 128 160 207 67 140 150 48 102 204 33 171
Dixon 3 254 109 144 216 85 131 209 58 150 215 50 165
Jim Crow 1 149 70 78 387 260 127 179 106 73 323 173 150
Jim Crow 2 356 290 66 446 327 119 226 78 147 231 138 93
Jim Crow 3 267 186 82 | 1,062 718 344 500 334 166 173 102 71
Turner 1 236 122 115 110 99 11 62 14 48 846 510 336
Turner 2 232 110 123 574 336 238 127 25 102 305 182 123
Turner 3 289 133 155 786 486 300 35 9 26 404 202 202
Hausgen 1 - - - - - - 250 199 51 45 14 30
Hausgen 2 - - - - - - 100 44 56 234 185 49
Hausgen 3 - - - - - - 98 55 42 164 111 53
Mean g AFDM / m? 258 144 114 447 278 169 123 132 326 177 149
Standard Error 39 27 16 67 47 24 23 18 42 28 19

255
36
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Table5-2. Total macroinvertebrate abundance (no./m?) at devegetated (deveg) and vegetated (veg) sitesin
Mississippi River pool 25 during fall of 2000 and 2001. Valuesare presented by individual sample (core). The
Hausgen site was added in 2001.

2000 2001

Site Core Deveg Veg Deveg Veg

Batch East 1 21,888 16,384 17,216 55,424
Batch East 2 29,248 29,088 21,504 28,896
Batch East 3 23,008 23,520 20,992 28,256
Batch West 1 31,712 24,096 35,136 19,296
Batch West 2 22,976 31,584 14,560 8,480
Batch West 3 48,896 38,400 31,232 62,304
Dixon 1 25,856 31,200 146,176 179,904
Dixon 2 84,672 67,776 94,368 98,080
Dixon 3 39,264 24,128 66,528 89,760
Jim Crow 1 21,600 99,968 74,176 24,448
Jim Crow 2 41,696 73,568 45,056 38,720
Jim Crow 3 9,952 11,904 34,336 33,856
Turner 1 19,072 41,984 27,200 20,032
Turner 2 40,992 24,000 27,008 32,608
Turner 3 25,056 26,400 28,160 8,160
Hausgen 1 - - 27,904 23,968
Hausgen 2 - - 19,008 54,496
Hausgen 3 - - 28,288 81,248
Mean abundance 32,393 37,600 42,158 49,330
Standard error 4,580 6,266 7,930 9,933

148



Table 5-3. Total macroinvertebrate biomassin 6 devegetated (deveg) and 6 vegetated (veg) sitesin
Mississippi River pool 25 in fall of 2000 and 2001. Number srepresent total macroinvertebrate dry
mass (DM )/m? and ar e presented by individual sample (core). The Hausgen site was added in 2001.

2000 2001
Site Core Deveg Veg Deveg Veg
Batch East 1 489 691 1,546 921
Batch East 2 1,067 497 788 612
Batch East 3 1,256 637 1,499 778
Batch West 1 1,069 989 606 1,255
Batch West 2 647 397 193 997
Batch West 3 1,935 1,541 407 1,396
Dixon 1 1,003 797 2,478 3,375
Dixon 2 1,160 2,014 1,226 1,209
Dixon 3 2,482 807 733 1,747
Jim Crow 1 1,028 1,817 2,903 5,895
Jim Crow 2 5,845 2,649 2,779 4,317
Jim Crow 3 272 3,968 1,874 6,367
Turner 1 2,430 974 268 1,745
Turner 2 3,404 1,164 572 2,049
Turner 3 1,193 1,295 253 810
Hausgen 1 - - 600 1,358
Hausgen 2 - - 1,986 2,364
Hausgen 3 - - 490 5,056
Mean Biomass 1,685 1,349 1,178 2,347
Standard Error 368 246 212 435
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Table 5-4. Oligocheata abundance (no./m?) at 6 devegetated (deveg) and 6 vegetated (veg) sitesin

Mississippi River pool 25 during fall of 2000 and 2001. Numbersare presented by individual sample
(core). TheHausgen site wasadded in 2001.

Site Core Deveg Veg Deveg Veg

Batch East 1 8,864 13,408 13,440 31,232
Batch East 2 22,208 7,648 16,064 19,872
Batch East 3 19,584 15,104 10,400 15,008
Batch West 1 20,768 18,592 26,848 14,112
Batch West 2 18,304 12,416 12,896 7,680
Batch West 3 27,552 26,144 26,016 44,672
Dixon 1 22,944 24,064 115,136 102,784
Dixon 2 68,672 50,464 73,632 32,608
Dixon 3 36,096 18,816 53,696 47,072
Jim Crow 1 12,480 63,808 64,000 14,848
Jim Crow 2 20,704 56,864 34,112 27,360
Jim Crow 3 4,320 11,200 30,080 23,392
Turner 1 16,768 36,224 26,656 14,464
Turner 2 35,904 21,664 25,216 31,680
Turner 3 16,832 21,536 24,352 6,080
Hausgen 1 - - 26,432 17,408
Hausgen 2 - - 13,312 40,000
Hausgen 3 - - 17,216 44,960
Mean abundance 23,467 26,530 33,861 29,735
Standard Error 3,917 4,497 6,342 5,261
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Table 5-5. Oligocheata biomass for 6 devegetated (deveg) and vegetated (veg) sites on Pool 25,
Mississippi River in fall of 2000 and 2001. Numbersrepresent biomass of dry weight of individuals
(mg DM / m?) derived from length-mass equations. The Hausgen site was added in 2001.

2000 2001

Site Core Deveg Veg Deveg Veg
Batch East 1 385 584 1,159 549
Batch East 2 750 433 662 295
Batch East 3 731 550 928 567
Batch West 1 880 696 251 1,245
Batch West 2 444 244 130 971
Batch West 3 843 1,103 188 687
Dixon 1 779 439 1,260 1,574
Dixon 2 830 1,255 908 692
Dixon 3 2,246 552 512 1,362
Jim Crow 1 419 1,223 775 3,037
Jim Crow 2 1,328 1,612 988 1,808
Jim Crow 3 237 1,126 1,550 1,172
Turner 1 1,041 755 239 852
Turner 2 2,271 872 518 527
Turner 3 635 933 209 607
Hausgen 1 - - 404 968
Hausgen 2 - - 1,375 742
Hausgen 3 - - 228 724
Mean Biomass

921 825 683 1,021
Standard Error 157 98 107 151
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Table 5-9. Zooplankton abundance at six devegetated (deveg) and vegetated (veg) sitesin Pool 25,
Mississippi River during fall of 1999, 2000 and 2001. Numbersrepresent zooplankton in each
integrated water column sample (no./L). Dixon Pond was added in 2000 and Hausgen was added in
2001.

1999 2000 2001
Site Sample Deveg Veg Deveg Veg Deveg Veg
Batch East 1 2.68 7.02 0.39 3.59 6.90 4.53
Batch East 2 1.02 5.15 0.46 0.61 5.05 3.56
Batch East 3 3.62 10.69 0.91 0.46 5.28 3.96
Batch West 1 0.40 0.53 0.74 0.78 0.87 1.71
Batch West 2 0.44 0.67 0.26 1.23 0.73 1.54
Batch West 3 0.44 4.77 0.62 0.32 0.36 1.31
Dixon Pond 1 - - 2.41 3.45 4.09 6.21
Dixon Pond 2 - - 4.09 3.45 12.27 3.07
Dixon Pond 3 - - 5.24 2.74 4.01 2.75
Hausgen 1 - - - - 0.67 0.51
Hausgen 2 - - - - 0.39 0.63
Hausgen 3 - - - - 2.28 0.24
Jim Crow 1 6.13 3.49 3.36 0.16 4.04 4.60
Jim Crow 2 5.50 1.57 1.62 1.73 9.51 2.49
Jim Crow 3 2.85 3.29 2.23 3.61 5.97 7.78
Turner 1 0.16 1.49 0.13 0.00 1.18 0.31
Turner 2 0.13 0.24 0.47 1.20 0.94 3.93
Turner 3 0.33 0.13 0.07 0.16 2.52 2.61
Mean Abundance (no. /L) 1.97 3.25 1.53 1.57 3.73 2.87
Taxa
Copepoda
Cyclopoida 0.93 5.05 2.53 217 9.31 10.02
Calanoida 0.51 0.34 1.08 0.49 3.28 0.92
Harpacticoid 0.03 0.06 0.12 0.86 0.17 0.00
Nauplii 17.49 24.31 7.55 8.23 16.47 10.12
Cladocera
Bosminidae 0.07 0.03 1.30 1.26 0.33 0.29
Chydoridae 0.06 0.72 1.25 1.29 0.55 0.66
Daphnidae 0.00 0.04 0.20 0.08 0.22 0.47
Macrothricidae 0.20 0.83 0.32 0.39 0.12 0.25
Moinidae 0.02 0.00 0.12 0.49 6.38 4.18
Sididae 0.46 1.17 0.86 0.38 0.42 1.81
Mean Abundance (no. /L) 2.09 3.06 1.42 1.50 3.10 2.08
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Table 5-10. Benthic Organic matter in midpool (M P, n=3) and lower pool (L P, n=4) sitesduring 2001 and 2002. Values are ash-free dry mass
(AFDM)/m? +/- std. error of total, coarse (CPOM) and fine (FPOM ) particulate or ganic matter.

July 2001 September 2001 April 2002
Site Pool Core Total CPOM FPOM Total CPOM FPOM Total CPOM FPOM
Jim Crow LP 1 1 24 47 124 72 52 526 218 307
Jim Crow LP 2 97 50 47 404 280 124 141 43 97
Jim Crow LP 3 82 31 1 381 284 96 318 122 196
Serpent LP 1 - - - 263 167 96 424 205 219
Serpent LP 2 - -5 - 252 102 150 601 436 166
Serpent LP 3 - - - 160 97 64 416 224 192
Stag LP 1 122 45 77 191 111 80 633 408 225
Stag LP 2 34 16 17 1,054 667 387 485 225 260
Stag LP 3 34 14 20 145 69 77 1,350 1,036 315
Turner LP 1 - - - 846 510 336 187 16 171
Turner LP 2 - - - 305 182 123 281 44 236
Turner LP 3 - - - 404 202 202 390 63 326
Mean (g AFDM / m?) LP 73 30 43 377 229 149 479 253 226
Standard error 14 6 9 54 31 90 81 20
McCoy MP 1 96 13 83 207 45 162 97 32 65
McCoy MP 2 205 57 148 70 18 52 172 60 113
McCoy MP 3 74 14 60 77 30 48 200 96 103
Coon MP 1 208 108 100 100 7 93 455 296 159
Coon MP 2 96 10 86 138 71 67 183 86 97
Coon MP 3 242 66 175 217 133 84 178 18 160
Gyrinid MP 1 18 47 172 234 75 159 355 107 247
Gyrinid MP 2 437 276 161 301 123 178 153 50 103
Gyrinid MP 3 525 322 203 340 151 188 385 223 162
Mean (g AFDM / m?) MP 233 101 132 187 73 115 108 134
Standard error 52 39 17 18 19 1 1 18
242
156
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Table 5-11. Total macr oinvertebrate abundance in midpool (M P, n=3) and lower pool (LP, n=4) sitesin
Mississippi River Pool 25 during 2001 and 2002. Number s represent abundance of invertebrates (no. / m?).

Site Pool Core July 2001 September 2001 April 2002
Jim Crow LP 1 47,968 39,168 196,960
Jim Crow LP 2 27,520 22,336 65,184
Jim Crow LP 3 53,216 11,520 98,176
Serpent LP 1 0 26,848 125,664
Serpent LP 2 0 22,688 68,096
Serpent LP 3 0 18,208 177,248
Stag LP 1 193,824 16,896 123,456
Stag LP 2 36,416 50,112 137,920
Stag LP 3 35,328 16,832 72,032
Turner LP 1 0 20,032 53,888
Turner LP 2 0 32,608 68,896
Turner LP 3 0 8,192 53,984
Mean Abundance LP 32,856 23,787 103,459
Standard error 15830 3432 14061
Coon MP 1 6,560 19,392 175,168
Coon MP 2 12,768 10,240 111,520
Coon MP 3 10,208 18,496 274,016
Gyrinid MP 1 17,504 2,752 10,112
Gyrinid MP 2 18,752 20,896 5,152
Gyrinid MP 3 4,672 9,664 16,224
McCoy MP 1 10,560 22,912 37,024
McCoy MP 2 10,464 50,112 57,536
McCoy MP 3 37,312 43,936 10,528
Mean Abundance MP

14,311 22,044 77,476
Standard error 3249 5209 31039
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Table 5-12. Total macroinvertebrate biomassin midpool (M P, n=3) and lower pool (LP, n=4) sitesin

Mississippi River Pool 25 during 2001 and 2002. Valuesare mg dry mass (DM) of total

macr oinvertebr ates/m?.

Site Pool Core July 2001 September 2001 April 2002
Jim Crow LP 1 4,057 2,236 3,967
Jim Crow LP 2 3,001 4,104 4,862
Jim Crow LP 3 17,674 1,193 3,048
Serpent LP 1 0 2,726 4,383
Serpent LP 2 0 2,740 2,383
Serpent LP 3 0 863 5,295
Stag LP 1 2,003 285 10,219
Stag LP 2 2,138 1,288 7,204
Stag LP 3 1,834 1,247 3,196
Turner LP 1 0 1,297 3,752
Turner LP 2 0 2,866 6,370
Turner LP 3 0 431 5,730
LP
Mean Biomass 2,559 1,773 5,034
Standard error 1433 333 625
Coon MP 1 274 804 3,702
Coon MP 2 651 335 1,567
Coon MP 3 1,196 1,927 3,892
Gyrinid MP 1 1,123 414 1,464
Gyrinid MP 2 1,123 2,787 76
Gyrinid MP 3 363 713 1,426
McCoy MP 1 1,107 477 5,364
McCoy MP 2 2,087 2,034 3,549
McCoy MP 3 2,760 8,554 1,990
Mean Biomass MP 1,187 2,005 2,559
Standard error 266 868 551

158



Table 5-13. Oligochaeta abundancein midpool (M P, n=3) and lower pool (LP, n=4) sitesin Mississippi River
Pool 25 during 2001 and 2002. Numbersrepresent abundance of oligocheates (no. / m?).

Site Pool Core July 2001 September 2001 April 2002
Jim Crow LP 1 8,768 34,560 138,464
Jim Crow LP 2 12,320 10,848 41,984
Jim Crow LP 3 16,480 3,584 70,560
Serpent LP 1 0 18,528 67,808
Serpent LP 2 0 20,416 36,288
Serpent LP 3 0 11,552 133,536
Stag LP 1 11,392 12,128 70,432
Stag LP 2 6,848 32,544 95,264
Stag LP 3 6,688 12,928 44,896
Turner LP 1 0 14,464 49,376
Turner LP 2 0 31,680 61,568
Turner LP 3 0 6,080 46,304
LP
Mean Abundance 5,208 17,443 71,373
Standard error 1732 3003 9907
Coon MP 1 2,944 17,120 118,016
Coon MP 2 7,808 5,600 74,208
Coon MP 3 8,640 6,720 244,224
Gyrinid MP 1 1,600 1,888 6,304
Gyrinid MP 2 3,616 13,344 2,560
Gyrinid MP 3 1,792 8,512 13,408
McCoy MP 1 5,280 16,000 34,944
McCoy MP 2 7,456 36,800 39,840
McCoy MP 3 7,968 32,384 8,288
Mean Abundance MP 5,234 15,374 60,199
Standard error 940 4006 26238
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Table 5-14. Oligochaeta biomassin midpool (M P, n=3) and lower pool (L P, n=4) sitesin Mississippi River
Pool 25 during 2001 and 2002. Numbersrepresent dry weight of oligochaetes (mg DM/m?) derived from
length-mass equations.

Site Pool Core July 2001 September 2001 April 2002
Jim Crow LP 1 161 832 2,409
Jim Crow LP 2 185 132 2,101
Jim Crow LP 3 125 56 1,954
Serpent LP 1 0 1,178 3,066
Serpent LP 2 0 1,371 1,656
Serpent LP 3 0 656 4,826
Stag LP 1 477 131 2,750
Stag LP 2 327 978 2,328
Stag LP 3 265 1,011 1,227
Turner LP 1 0 404 3,316
Turner LP 0 1,375 4,841
Turner LP 3 0 228 5,243

LP

Mean Biomass 128 696 2,977
46 143 385
Coon MP 1 217 244 2,843
Coon MP 2 376 280 1,209
Coon MP 3 1,104 1,180 3,366
Gyrinid MP 1 39 224 254
Gyrinid MP 2 1,033 796 30
Gyrinid MP 3 303 410 1,411
McCoy MP 1 972 355 5,352
McCoy MP 2 1,331 1,344 3,402
McCoy MP 3 2,591 817 1,670
Mean Biomass MP 885 628 2,171
262 141 572
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Table 5-15. Chironomidae abundance in midpool (M P, n=3) and lower pool (LP, n=4) sitesin Mississippi
River Pool 25 during 2001 and 2002. Numbersrepresent abundance of Chironomidae individuals (no. / m?).

Site Pool Core July 2001 September 2001 April 2002
Jim Crow LP 1 800 1,664 6,528
Jim Crow LP 2 736 1,408 7,808
Jim Crow LP 3 1120 320 1,024
Serpent LP 1 0 5,824 16,480
Serpent LP 2 0 1,120 11,200
Serpent LP 3 0 6,528 16,832
Stag LP 1 32 1,632 5,792
Stag LP 2 672 1,344 12,992
Stag LP 3 1,472 1,664 9,408
Turner LP 1 0 1,920 2,400
Turner LP 2 0 0 5,120
Turner LP 3 0 1,664 3,392
LP
Mean Abundance 403 2091 8,248
Standard error 153 577 1515
Coon MP 1 1,696 736 32,096
Coon MP 2 2,560 1,984 4,192
Coon MP 3 512 4,320 8,576
Gyrinid MP 1 512 224 768
Gyrinid MP 2 2,720 736 416
Gyrinid MP 3 544 160 128
McCoy MP 1 1,856 2,080 0
McCoy MP 2 544 1,696 0
McCoy MP 3 6,048 1,248 0
Mean Abundance MP 1,888 1,465 5,131
Standard error 600 428 3506
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Table 5-16. Chironomidae biomassin midpool (M P, n=3) and lower pool (L P, n=4) sitesin Mississippi River
Pool 25 during 2001 and 2002. Numbersrepresent dry weight of Chironomidae individuals (mg DM / m?)
derived from length-mass equations.

Site Pool Core July 2001 September 2001 April 2002
Jim Crow LP 1 89 53 205
Jim Crow LP 2 63 17 1,710
Jim Crow LP 3 28 7 444
Serpent LP 1 0 143 999
Serpent LP 2 0 31 646
Serpent LP 3 0 101 389
Stag LP 1 191 39 5,764
Stag LP 2 20 133 2,949
Stag LP 3 382 39 302
Turner LP 1 0 34 434
Turner LP 2 0 0 71
Turner LP 3 0 195 451
LP
Mean Biomass 64 66 1,197
Standard error 33 18 476
Coon MP 1 17 46 766
Coon MP 2 22 28 129
Coon MP 3 7 102 270
Gyrinid MP 1 4 14 82
Gyrinid MP 2 33 49 11
Gyrinid MP 3 10 4 1
McCoy MP 1 15 67 0
McCoy MP 2 51 26 0
McCoy MP 3 36 72 0
Mean Biomass MP 22 45 140
Standard error 5 10 84
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Table5-17. Community metricsin midpool (M P, n=3) and lower pool (L P, n=4) sitesin Mississippi River
Pool 25 during 2001 and 2002. Number srepresent mean +/-(S.E.).

Richness

Shannon

Dominance

Pool July 2001 September 2001 April 2002

LP 7.00 (2.16) 10.92 (0.76) 14.00 (1.41)
MP 9.33 (0.58 10.89 (1.18) 9.22 (1.21)
LP 0.67  (0.23) 1.00 (0.12) 1.05 (0.11)
MP 1.40 (0.12) 0.99 (0.12) 0.85 (0.11
LP 0.60 0.12) 0.78 (0.08) 0.55 (0.08)
MP 0.70 06) 0.62 (0.12) 0.68 (0.09)
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Table 5-18. Zooplankton abundance in midpool (M P, n=3) and lower pool (LP, n=4) sitesin Mississippi

River Pool 25 during 2001 and 2002. Numbersrepresent abundance of zooplankton (no./ L).

Site Pool July 2001 September 2001 April 2002
Jim Crow LP 0.00 0.18 5.99
Serpent Slough LP 0.00 0.05 0.39
Stag Slough LP 0.02 0.59 0.95
Turner Tip LP 0.00 0.28 0.37
Mean Abundance (no. /L) LP 0.00 0.28 1.92
Standard error 0.00 0.07 0.79
Coon Slough MP 0.08 1.60 2.93
Gyrinid Point MP 0.15 0.18 0.52
McCoy Slough MP 0.11 0.26 1.24
Mean Abundance (no. /L) MP 0.11 0.68 1.57
Standard error 0.03 0.31 0.58
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Table 5-19. 7 ooplankton abundance in midpool (M P, n=3) and lower pool (LP, n=4) sitesin Mississippi River Pool 25 during 2001 and 2002. Numbers
represent abundance of zooplankton (no./L).

Lower Pool Midpool
Taxa July 2001 September 2001 April 2002 July 2001 September 2001 April 2002

Copepoda

Cyclopoida 0.00 1.42 2.92 0.35 0.37 1.92

Calanoida 0.01 0.26 0.04 0.01 0.42 0.01

Harpacticoida 0.00 0.01 0.73 0.00 0.00 0.05

Nauplius stage 0.01 1.32 19.31 0.76 7.10 16.70
Cladocera

Bosminidae 0.00 0.00 0.02 0.03 0.05 0.06

Daphnidae 0.00 0.22 0.00 0.01 0.00 0.01

Chydoridae 0.00 0.00 0.00 0.00 0.19 0.01

Macrothricidae 0.00 0.00 0.07 0.00 0.01 0.02

Moinidae 0.01 0.01 0.00 0.15 0.00 0.00

Polyphemidae 0.00 0.00 0.00 0.00 0.00 0.00

Sididae 0.00 0.07 0.00 0.05 0.01 0.00
Ostracoda 0.02 0.00 0.00 0.00 0.00 0.00
Mean Abundance (no. /L) 0.00 0.28 1.92 0.11 0.68 1.57
Standard error 0.00 0.07 0.79 0.03 0.31 0.58

0
0. 1 0 1.
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Figure 5-1. Benthic organic matter in vegetated (veg) and devegetated (deveg) sites in Pool 25 of
the Mississippi River (n=5 of each in 2000, n=6 of each in 2001). Bars represent mean organic
matter (g ash-free dry mass [AF DM]/m?) +/- 1 standard error for total, coarse (CPOM), and fine
(FPOM) particulate fractions. Different letters over values indicate significant differences
between total organic matter (p=0.009) and CPOM (p=0.004) during 2000. Different letters over
2001 Total organic matter (p=0.125) and CPOM values indicate a marginally significant
difference (p<0.087).
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Figure 5-2. Total abundance of macroinvertebrates in vegetated (veg) and devegetated (deveg)
sites in Pool 25 of the Mississippi River (n=5 of each in 2000, n=6 of each in 2001). Bars show
mean total abundance (number of individuals x 1000/m?) +/- 1 standard error.
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Figure 5-3. Total biomass of macroinvertebrates in vegetated (veg) and devegetated (deveg)
sites in Pool 25 of the Mississippi River (n=5 of each in 2000, n=6 of each in 2001). Bars
represent mean total invertebrate dry mass (DM) +/- 1 standard error. Different letters above
2001 values indicate a significant difference between treatments (p=0.005).
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Figure 5-4. Oligochaeta abundance in vegetated (veg) and devegetated (deveg) sites in Pool 25
of the Mississippi River (n=5 of each in 2000, n=6 of each in 2001). Bars represent mean

Oligochaeta abundance (number of individuals x 1000/m2) +/- 1 standard error.
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Figure 5-5. Oligochaeta biomass in vegetated (veg) and devegetated (deveg) sites in Pool 25 of
the Mississippi River (n=5 of each in 2000, n=6 of each in 2001). Bars represent mean

Oligochaeta dry mass (DM) +/- 1 standard error. Different letters over 2001 values indicate there
was a significant difference (p=0.009) between treatments.
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Figure 5-6. Chironomidae abundance in vegetated (veg) and devegetated (deveg) sites in Pool 25
of the Mississippi River (n=5 of each in 2000, n=6 of each in 2001). Bars represent mean
Chironomidae abundance (number of individuals x 1000/m?) +/- 1 standard error. Different
letters over 2001 values indicate there was a significant difference (p=0.003) between treatments.
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Figure 5-7. Chironomidae biomass in vegetated (veg) and devegetated (deveg) sites in Pool 25 of
the Mississippi River (n=5 of each in 2000, n=6 of each in 2001). Bars represent mean
Chironomidae biomass (mg DM/m2) +/- std. error. Different letters over 2001 values indicate
there was a significant difference (p=0.013) between treatments.
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Figure 5-8. Zooplankton abundance in vegetated (veg) and devegetated (deveg) sites in Pool 25
of the Mississippi River (n=4 of each in 1999, n=5 of each in 2000, n=6 of each in 2001). Bars
represent mean zooplankton abundance (number of individuals/L) +/- 1 standard error. Different

letters over 1999 indicate a significant difference between treatments (p=0.043).
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Figure 5-9. Benthic organic matter in midpool (MP, n=3) and lower pool (LP, n=4) sites during
2001 and 2002. Values are ash-free dry mass (AFDM)/m? +/- std. error of total, coarse (CPOM)
and fine (FPOM) particulate organic matter.
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Figure 5-10. Total macroinvertebrate abundance in midpool (MP, n=3) and lower pool (LP,
n=4) sites in Mississippi River Pool 25 during 2001 and 2002. Bars represent abundance of
Macroinvertebrates x 1000/m” +/- 1 standard error.
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Figure 5-11. Total macroinvertebrate biomass in midpool (MP, n=3) and lower pool (LP, n=4)
sites in Mississippi River Pool 25 during 2001 and 2002. Bars represent mg dry mass (DM) of
total Macroinvertebrates x 100/m” +/- 1 standard error.
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Figure 5-12. Oligochaeta abundance in midpool (MP, n=3) and lower pool (LP, n=4) sites in

Mississippi River Pool 25 during 2001 and 2002. Bars represent Oligochaeta abundance x
1000/m” +/- 1 standard error.
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Figure 5-13. Oligochaeta biomass in midpool (MP, n=3) and lower pool (LP, n=4) sites in
Mississippi River Pool 25 during 2001 and 2002. Values are mg dry mass (DM) Oligochaeta x
100/m* +/- 1 standard error.
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Figure 5-14. Chironomidae abundance in midpool (MP, n=3) and lower pool (LP, n=4) sites in
Mississippi River Pool 25 during 2001 and 2002. Bars represent Chironomidae abundance x
1000/m? +/- 1 standard error.
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Figure 5-15. Chironomidae biomass in midpool (MP, n=3) and lower pool (LP, n=4) sites in

Mississippi River Pool 25 during 2001 and 2002. Values are mg dry mass (DM) Chironomidae
x 100/m” +/- 1 standard error.
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Figure 5-16. Zooplankton abundance in midpool (MP, n=3) and lower pool (LP, n=4) sites in
Mississippi River Pool 25 during 2001 and 2002. Bars represent zooplankton no./L +/- 1

standard error.
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Appendix E.

Dike 53 Pre and Post-Modification Physical and
Biological Monitoring Report - U.S. Army
Corps of Engineers, St. Louis District.



Dike 53

Dike 53 posed a navigation hazard, MVS
oroposed removing structure

Resource agencies recognized site as a
superb over-wintering area (asked for no
removal)

Through inter-agency coordination, it was
agreed to take last 300 ft down to -15
(create a welir) and leave the rest as a dike

Monitored physical and biological changes
assoclated with modification
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45 fish 4 species



Pallid sturgeon collected below Dike 53 weir
February 2002




Summary

® Compromise created a win-win
situation for everyone

® Habitat was altered but fish continue
to use the area as over-wintering
habitat

® Collected a pallid sturgeon at the site!
(The Holy Grall of fish sampling)
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