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Shovelnose sturgeon collected during biological monitoring at Dike 53.0L. Physical and
biological sampling is being conducted at this site to assess changes at the site caused by
changing the configuration of the dike into a weir. As constructed, the dike extended into the
navigation channel and was ccnsidered a navigation hazard. Through coordination with
regional resource agencies, an agreement was made to lower the last 300 ft. of the dike to —15
ft. (create a weir) while leaving the rest of the dike intact. Pre-modification bathymetry,
velocity, hydroacoustic fisheries data, and fish sampling were completed at the site on January
20, 2000. Fish sampling was conducted in cooperation with the Missouri Department of
Conservation, Capc Girardeau LTRMP field station. One hundred and twenty six fish werz
collected. The collection was dominated by shovelnose sturgeon but also included paddlefish,
blue catfish, sauger, and goldeye. The results of this work are in Appendix H. Post-
rnodification monitoring at this site is scheduled for 2001.
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Avoid and Minimize
Environmental Impacts Program
St. Louis District - Mississippi Valley Division
2000 Progress Report

Executive Summary

The St. Louis District agreed to establish an Avoid and Minimize Program (A&M) in
1992 10 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 A&M team, which consists of state, federal and
private partners in both natural resources and industry. Each year, a progress repont delailing
A&M activities during the past year is released.

Construction efforts in 2000 were focused on Pool 24. In 1993 the A&M program
constructed three chevron dikes at river male 289. The otiginal design called for the placement of
five chevron dikes at the site. In 2000 the A&M Program issued a contract for the construction of
the final two chevrons. Due to abnormally lower water levels in 2000 the new chevrons could
not be constructed. Further on site inspection has resulted in the determination that, due to flow
and depth limitations, only 1 chevron dike can be constructed. Plans now call for that structure 1o
be completed in 2001.

Biological monitoring work continued on the chevron dike fields in Pools 24 and 25.
Those results are showing that fish are using the structures as over-wintering and nursery habirat.
Five new species were documented in association with the Pool 25 multiple roundpoint
structures (MRS) in 2000. Prior years collections have included the blue sucker, an uncommon
species in the Mississippi River. A study detailing fish use of off-bankline revetment found that
it was providing valuable backwater habitat. Forty-seven species of fish have been collected in
association with off-bankline revetment in Pool 24.

Work to assess and improve fish passage at Lock and Dam 23 continued in 2000. Results
from 1999 showed that fish movement through the dam gates occurs almost exculsively during
open river conditions. Monitoring efforts in 2000 focused on creating hydraulic conditions to
extend or create open river conditions outside of the natural period of open nver. Gate
manipulation work dunng the summer found that extending the period of open river is possible,
but that velocities increased in gate bay 17. Fish movement data was inconclusive, Changes in
zate operations did not appear to affect tow traffic.

Pre-construction survey and fish sampling of a dike modification site in the middle river
(river mile 53.0) was completed. The dike, which extended into the navigation channe), was
modified by lowering the Jast 300 ft. of the dike to -15 ft. below the water (creating a weir). Prior
1o construction the siie was considered an excellent over-wintering location for fishes. Fish
sampling resulied in the collection of 126 fish behind the dike. The collection was dominated by
shovelnose sturgeon but also included paddlefish, blue catfish, sauger, and goldeye. Post-
modification monitoring at this site is scheduled for 2001.
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Two reports on the monitonng of effects of Environmental Pool Management (EPM) in
Pool 25 were completed in 2000. It should be pointed out that both studies took place during
what would be considered extreme vears for EPM and water regulation.

The report on waterfow] food production found that a number of species of plants,
including smartweed and chufa. responded to the drawdowns and that seed production was
higher than those documented at other intensively managed moist soil impoundments.
Conversion of seed biomass to potential waterfowl use days revealed an abundance of available
forage. Avian use surveys found waterfow] spent the majority of time foraging in the shallow
water areas where vegetation was produced by EPM. The occurrence of young trees in EPM
created vegetation was also documented. The report concluded that varying the EPM regime
could provide the greatest long term benefits to plant and invertebrate production, but that more
research is needed.

The report on fish use of vegetation produced by EPM found that fish numbers were not
higher in vegetated areas than in non-vegetaled areas, though those findings were susceptible to
the high vanability associated with a low number of samples and sites. Low dissolved oxygen
rates were noted at three of the four vegetated sites. The importance of the edge habitat between
the vegelated and non-vegetated areas was documented. The stranding of fishes was noted at
several locations. Stranding and low dissolved oxygen rates were likely a function of summer
pool water levels, which were low for an unusually long perjod, and outside the normal
guidelines for EPM. Early spring sampling found that the residual vegeration produced by EPM
was used by over 27 species of fish, with most larval or juvenile fish. Additional work is needed
to belp establish what impact varying the EPM regime from year to year has on fish.

2000 was the Hifth year of the Middle Mississippi River pallid sturgeon habitat use study.
Based on the tracking work, pallid sturgeon continue to show a positive selection for areas in the
main channel border, downstream of island tips, between wing dams, and the tips of wing dams.
Pallid sturgeon show a negative sclection of areas in the main channel, downstream of wing
dams and upsuream of wing dams. Pallid sturgeon show no selection, negative or positive, for
bendway weirs. Based on these results, future St. Louis Disuict projects in the open river will
give consideration to the creation or protection of these types of habitats and the importance they
may play in the recovery of the species. :

A repont documenting the 19935 bendway weir blast sampling survey at Price’s Bend was
completed in 2000. This report showed that blast sampling was an effective means of sampling
in the extreme conditions seen in bendway weir fields and docurnented the differences in catch
efficiency by gear type under those conditions. Twelve species and 217 fish were collected
during the blast survey.

In November 2000, a meeting was held to coordinate the placement of wood structures in
the Mississippt River. This meeung was in response 1o requests from our A&M partner agencies
who have long requested that the St. Louis District explore ways to incorporate woody structure
into our Operation and Maintenance Program on the Mississippi River. It was decided iniually
that two different types of structures would be placed. Four sites were selected for placement,
with construction to take place in 2001,
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The A&M prototype mooring buoy below Lock and Dam 235 was replaced in 2000. The
new buoy was designed to replace the prototype buoy, which was placed in 1998. The new buoy
corrected the design deficiencies of the original buoy. The original buoy was returned to the
District Service Base where i1 wil) be modified based on the new design. Plans call for that buoy
1o be placed below Lock and Dam 22, if a suitable site can be locaied.

A vision document for middle Mississippi Rjver side channel restoration was completed
in 2000. This document seyves as a guide for side-channel conservation and restoration work in
middle Mississippi Rivey. The condition and physical auributes of every side-channel in the
middle Mississippi River is outlined, as are the potential actions needed for rehabilitation. A
multi-agency commiitee of A&M team members created the document, and while not a product
of the A&M program, will be used by the A&M program as we undenake future side channe)
work.

The 2001 A&M budget is expected to be $1 million. Proposed construction acuviues in
2001 include construction of the chevron dike in Pool 24 and placement of the wood structures.
Monitoring work will include continued sampling at the chevron dike and multiple roundpoint
structures, new sampling behind the bullnose dikes, continued tracking of pallid sturgeon in
relation to Corps (raining structures, and post-modification monitoring at dike 53.0. Further
testing of gate manipulation scenarios at Lock and Dam 25 will occur in 2001. Monitoring of the
effects of changing the Enviconmental Pool Management regime will also continue. Plans also
call for a genenc side-channel micro-model to be created to assist in planning future side-channel
restoration and enhancement work.
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Avoid and Minirnize
Environmental Impacts Program
St Louis District - Mississippi Valley Division
2000 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
- Missourn and Dlinois”. The document was developed as a commitment made in the
1988 Record of Decision attached to the Melvin Price Locks and Dam Environmental
Impact Staternent 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 implemeniation Leam consists of staff from
the US Army Corps of Engimeers-St. Louis District, U.S. Fish and Wildlife Service-Rock
Island (FWS), Illinois Department of Natural Resources (IDNR), Missouri Depariment of
Conservation MDOC), River Industry Action Committee (RIAC), and the Long Term
Resource Monitoring Station (LTRM/MDOC) at Cape Girardeau, Mo. Each group
contributes staff time to plan and attend meetings and collect data as par of a monitonng
program. This team meets at least once a vear 1o discuss ongoing work and plan future
work. Outside of these meetings the St. Louss 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. This repon
details project activities over the past year and describes expected activities in the
upcoming year. Many of the activities occur over several years. Copies of the previous
years® reports, and Design Memorandum No. 24, are available from the Si. Lovois Distnct.

2000 A&M Program Activities

A&M 1. 2000 Construction. Construction efforts in 2000 were focused on Pool
24 In 1993 the A&M program constructed three chevron dikes at RM 285.0. These
chevrons were placed o hold dredge maienal, control main channel and side channel
deposition, and improve habitat diversity. These structures have proven 1o be excellent
habitat for both fish and macroinverntebrates. The original design called for the placement
of five chevron dikes at the site. In 2000 the A&M program issued a contract for the
construction of the final two chevrons, which were to be placed berween the exasting
suvctures, and the construction of a notched closing structure behind South Fritz Island,
just below the chevrons. However, due to abnormally lower water levels in 2000 the new
chevrons and notched dike could not be constructed. Further on site jnspection has
resulted in the determination that, due to flow and depth limitations, only 1 chevron dike
can be construcied. Plans now call for that structure 10 be completed in 2001.
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A&M 2. Chevron Dike Monitoring. The A&M program has construcied three
sets of chevron dikes. The first set was constructed in 1993 art river mile 289 in Poo) 24,
near Cottonwood Island. This set of three dikes was constructed in 1993 as an alternauve
(o constructing a closing rock structure, to maintain the existing flow split in thal reach,
and as a placement site for dredge disposal. In 1998, 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 nver
flows. Future work calls for the placement of four additional dikes at the niver mile 250
site. construction of an additional dike at river mile 289, and construction of a set of
chevron dikes at niver mile 226, in Pool 26. Since construction, biologcal monitoring has
taken place at the chevrons dike fields at river mile 289 and at river mile 266.

Pool 24, River Mile 289 Biological Monitoring. The Mllinois Department of
Natwral Resources (IDNR) has sampled the set of three chevron dikes located in Poo) 24,
near Cottonwood Island (river mile 289), since they were constructed in 1993. The site
was sampled four times in 2000. Analysis of the entire data set shows thal 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. Over 48 species have been found in association with the
chevron dikes. The inside of the chevron dikes appear 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 vanety of fishes including channel catfish, flathead catfish,
comymon carp, minnows, and shiners. A detailed summary of the TDNR fish sampling
efforts in 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 construcied in Jupe 1998. In Masch 1999 the panial
dike was completed and one additional chevron dike was constructed. The three chevron
dikes at river mile 266 were surveyed in August 1999, December 1999, and Seplember
2000. A winter sample was scheduled for late 2000 but ice formation in Pool 25 made it
impossible to sample the site. During each trip bathymetry, velocity, and hydroacoustic
fishenes data was collected.

Fish were found in association with the chevron dikes during all three sampling
trips. The upper and muddle dikes showed a4 marked increase in fish density in the
December sample. These increased concentrations are likely due (o the fact that fish are
using the structures as over-winterng habjiat. Both dikes provide the deep holes and low
velocities that fish seek out during the winter. The lower dike had no over-wintenng fish
and held very few fish during any of our sampling trips. This ack of fish roay be due to
the configuration of that dike and/or when it was constructed. The configurauon of that
dike (the niverside leg is much shorter than the bankside Jeg) does not provide the refuge
from tver flows that the other dikes appear too. Having been consirucied one vear later
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than the upper two chevron dikes. the Jower chevron dike has had only two high water
event 1o create a scour hole behind the dike. The lower dike s also built higher than the
other dikes. Consequently, depths behind the Jower chevron dike are shallower than
behind either of the upper two chevron dikes. While lower than the December sample, the
August and September samples showed that fish were using all three of the chevron
dikes. The density data from September 2000 (pooled conditions) was similar (o that seen
at open river in August 1999. Detailed results are available in Appendix A.

Monitoring at the site will continue jn 2001. Presently a summer and 2 winter
sample are scheduled. In addition to hydroacoustic monitonng, gill nets will be set 1o
determine species composition behind che dikes.

A &M 3. Multiple Roundpoint Structure Monitoring. In 1998, the A&M
Program constructed a multiple round point structure (MRS) in Pool 25 (nver mile
265.7L). This innovative training structure consisis 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 Natura) Resources at the site since 1998. The structure was
sampled four times in 2000. Five new species were collected in 2000, bringing the
number of species collected o 21. New species collected in 2000 were the mooneye,
spotfin shiner, river shiner, sand shiner, and bullhead minnow. Gizzard shad. emerald
shiners, carp, freshwater drum, and flathead catfish continue making up the majority of
the collected fish. On every sampling occasion prior 1o 2000, blue sucker were collected.
Collection of the blue suckers is of interest because the species is uncommon in the
Mississippi River and is a species of concem with resource agencies. No blue suckers
were ¢pllected in 2000. The Tllinois report concluded that the structure was providing
useful and valuable habitar (Appendix B). 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.

A&M 4. Off-bankline Revetment Monitoring. From 1991 1o 1995 the IMinois
Depastment of Natural Resources (IDNR) conducted fish sampling on the Gosline Island
off-bankline reveiment (OBR) in Pool 24. In 2000. the St. Louis Disirict asked the [IDNR
to prepare a report on that work 0 help aid the A&M program in assessing the impacts of
off-bankline revetment and to help evaluate and plan future work. The resulis of the
IDNR work showed that the Gosline Island off-bankline reveunent, placed in the mid-
1980s, was providing valuable habitat for a vanety of fishes. For the study five sites were
sampled: the ouiside rock of the OBR, the inside rock of the OBR, the natural bankline
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behind the OBR, and rwo control sites (a2 main channél border site with conventonal
revetment and a side channel border site). Electrofishing catch rates were highest along
the natwral bankline inside the OBR, followed by the inside rock, side channe) border,
and outside rock. Catch rates were lowest at the main channel border site. A 10ta) of
forty-eight species of fish were collected dunng sampling, with 47 species associated
with the OBR habitats. The number of species collected was highest along the inside rock
(38), natural bankline (34), and outside rock (32). Ten species were collected only inside
the OBR. Seven species of centrachids (sunfish and bass species generally considered
off-channel fishes) were collected inside the OBR. The TDNR report stated that the OBR
was providing excellenl habitat for quality sized catfish and from the species composition
and number of young of the year fish present, that the inside of the OBR appeacs to be
providing backwater habitat in a reach where such habitat js Jimited. A copy of the [DNR
report is available in Appendix C.

A&M 3. Effects of Environmental Pool Management on Fish and Wildlife.
The St. Louis District has employed Environmenia) Pool Management (EPM) since 1994.
EPM resulted from operational changes in the way the navigation pools are regulated
after high water events. What results is a large crop of vegetation in the lower ends of
Pools 24, 25,and 26. This vegetation becomes available (o fish, aquatic insects, and
migratory birds as water levels rise. The District is exploring ways o further enhance
EPM but lacks basic information on fish and migratory bird use of the EPM created
vegetation. In 2000, Southern Illinois University-Carbondale completed two studies to
determine the response of waterfowl, aquatic inveriebrates, fish and water quality to
wetland vegetation produced by EPM (Appendix D).

It needs 1o be noted that the hydraulic regime during these studies was extreme
compared 1o EPM in past years. High water during much of the drawdown kept water
levels about two feet lower than the target EPM elevation and for much longer than what
had been experienced in other years. This resulted in a greater vegetative response than in
other vears and the extended dewatering of areas that typically would not have been
exposed for such a Jong time.

SA. Effects of Waler Level Management on Waterfowl and Waterfow] Food
Production in Pool 25, Upper Mississippi River. The objectives of this study were to
characienze the plant community associated with water level management and estimate
seed biomass production. quantify the aquatic invertebrate population response to
increased vegetation production, and characierize the spring migratory waterfow] use of
habitais produced by water leve]l management.

Fifieen genera of plants were documented during the study, with smartweeds,
bamvard grasses, and sedges occurring most frequently. Seed production levels produced
by EPM were substantially higher than those documented at other intensively managed
moist soil ympoundments on the UMR. These high seed counts result in high quality
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hzbitat and abundant food avajlability for migrating waterfowl. Little zonation in plant
species distribution with elevation suggests relatively uniform 2availability of food
resources in the study area. Seed biomass estimates were converted into potential
waterfowl use days. These results showed that even with substantial loss of seed biomass,
there was an abundance of plant food available to waterfow). Cottonwood, maple, and
willow trees have also started to occur at many of the sampling locations. The presence of
these species may be an unwanted consequence of EPM. By varying the way EPM is
implemented every year, prevention of tree species establishment may be possible.

Invertebrate samples collected in 1998 and 1999 were compared to see if
differences in relative abundance exist between plots and years. Significant differences
were found between years, with 1998 having higher invertebrate diversity and
abundance. This may be a result of frequent water spikes in the 1998 EPM effort, which
could have allowed invertebrates stranded in isolated pools to survive the drawdown, and
replenished soil moisture allowing drought resistant species to survive in the soil.
Diversity was higher in vegetated plots than in devegetated plots. No significant increase
in density was seen between plots, though the authors cautioned that more study was
needed to fully understand the invertebrate dynamics in pool 25.

Over 170,000 waterfow] use days were recorded each year in the study area
during the spring migration. Waterfow] were using the vegetaied areas with over 94% of
all waterfow! occurring in those areas with vegetation. Greater than 98% of these birds
were dabbling ducks, consisting mainly of mallards, pintail, and teal.

The results of this study have shown that EPM is producing a cormmunity of
annual moist soil plants that in tum are producing a large quantity of seeds known to be
important to watesfow! and other migratory birds. The organic matter produced by EPM
contributes o the overall energy budget of the river. having benefits both inside and
outside of the project area. Additional research needs to be conducted on the relationship
of macroinveriebrate densities and EPM and how varying the EPM regime affects plant
growth, and consequently waterfowl distribution within the study area. Evidence is
suggesting that a varying the way EPM is implemented between pools and between years
may provide the greatest long-term benefit to the resource.

5B. Fish and Water Quality Responses to Vegetation Produced via
Environmental Pool Management Pool 23, Mississippi River. The objectives of this
study were to examine fish use of EPM created vegetated areas versus similar non-
vegetaled areas. determine the benefit of residual vegetation 1o young fishes, and monilor
the effect of vegetation op water quality and zooplankton.

Four sites in Pool 25 were sampled after the 1999 summer pool drawdown
(29 June to 12 August). Vegetated and non-vegetated areas were sampled at each site
fromo late August to middle October. Substantial numbers of fish were found in the
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vegetated areas but fish abundance and diversity were not statically significantly higher
in the vegetated plots. The high vamability associated with a sinal) nomber of samples
and sites may have been the cause. The greatest difference between vegetated and non-
vegetated areas was seen at the Tumer Island site. At this site the vegetation was
accessible to fishes that typically use flowing water habicat. This area provided nursery
habitat for young channel shiners, spotfin shiners, and river shiners.

The results showed the occurrence of low dissolved oxygen (DO) ar (hree of the
four sites. Low DO values were probably caused by decomposition of vegetation and low
atmospheric mixing. Backwater sjtes were dominated by fish like the common carp and
mosquitofish. which are tolerant of low oxygen levels. Resulis also indicated that fish
may be excluded from using the internal portions of large expanses of dense emergent
vegetation because of the low DO.

While the backwater sites had the greatest DO problems, the highest diversity of
fish collected was in a backwater along the vegelaton/devegesated interface. This edee
habitat likely attracted edge-dwelling fish. Increasing this edge habitat in dense
vegetation stands, like those created in 1999, would likely benefit fish through the
creation of habitat and the alleviation of low DO conditions.

Residual vegertation from the 1998 EPM effort was sampled in the spring of 1999.
This vegetation consisted of dead stalks of smanweed. This vegetation, which at some
sites formed a dense underwater network, provided cover in areas that would otherwise
have been barren, and likely provided food for fish through increased invertebrate
abundance. Uncommon fishes Jike the blue sucker, mooneye, silver chub and slenderhead
darters were collected in association with the residual vegetation. Overall 28 species were
collected in the residval vegetation, with most being Jate Jarval or early juvenile fish. The
results indicate that these areas are providing valuable nursery and rearing habilat for
young fish,

The hydraulic regime in 1999 was extreme compared to EPM in past years. High
water during much of the drawdown kept water levels about two feet Jower than the
target EPM elevation and for much longer than what had been experienced in other vears.
This resulied in a greater vegetative response than in other years and the extended
dewatering of areas that typically would not have been exposed for such a long time. This
was seen in the presence of exposed mussel beds and isolaled backwalers. The elevation
at which many of these areas became exposed or isolated was 431, | fi below the Jowest
target elevation (432) established for EPM. The authors suggested that altemating the
EPM regime 10 compensate for the negative impacts of 3 previous vears drawdown
should be explored.

Data from 2000, during which water Jevels were intentionally held on the higher
end of the EPM range, are presently being analyzed. Furure work wil) focus on the
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analvsis of the zooplankion data, mvertebrate data collection. the establishment of new
sitzs, and further evaluation of the iming, duration and depth of EPM drawdowns.

A&M 6. Fish Passage Improvement at Lock and Dam 25. The A&M program
began a project in 1999 to monitor fish movement through the dam gates ar Lock and
Dam 25. This work was undertaken 10 assess the possibility of conditional gate
management and or structural alternatives to enhance the ability of fish to move between
pools. The issue of inhibiting fish passage has long been one of concern with the Corps
state and federal parmer agencies. The 1999 results showed that fish were moving
through the dam at open tiver. Movement opportunities outside of open river are
probably verv hmited. All monitoring work 1s being conducted in the last gate bay (17) in
the succession. This tainter gate bay is located on the Tinoys end of the lock and dam
structure and has some properties that make it more conducive to fish movement then
other gate bays. Monitoring efforts in 2000 were to focus on creating hydraulic
conditions to extend or create open river conditions outside of the natural period of open
aver.

Spring rains and snow melt within the basin fuel the increase in spring flows seen
on the Mississippi River. In 2000, the increase in spring flows was not enough to create
open river conditions on the Mississippi River. This was caused by abnormally low levels
of rain and the lack of snow in the basin. Because of these circumstances Lock and Dam
25 did not have a spring open river event. In June of 2000, Lock and Dam 235 did finally
reach open river conditions. To test whether open river conditions could be extended, it
was decided that as the Lock and Dam 25 staff returned Pool 25 10 a pooled condition,
some gates would be left completely out of the water. To compensate for those gates,
other gates would be lowered into the water further than normal. Changes in velocity, fish
movement, and adverse impacts to tows using Lock and Dam 25 were all cecorded. This
test was conducted on 10 July. The Jast five gates (13-17) were all held out of the water
while the other 12 gates were lowered into the water. As flows decreased during the day
those 12 gales were lawered while gates 13-17 remained out of the water. Eventually
gares 13, 14. and 15 were also lowered. Within 10 hours of the inijtial gate movements, all
17 gates had 1o be lowered into the water to maintain pool.

Fish movement did not change due to altering in the gate serungs. This is in large
parnt due 1o the fact that there was minimal fish movement prior to 10 July and on 10 July.
Sampling on 29 June found 2 fish movement rate of .12 fish per minute. Open river
conditions occurred very jate wn 2000 and likely occurred after the conditions (water
temperature was already 80°F) that cue spawning migrations in many fishes. Lock and
Dam 25 went 10 open river on 9 June, which also allowed an excellent opportunity for
fish movement pnor Lo 29 June.



Some concemn was expressed that the gate manipulations would creaie changes in
flow pattemns that could affect lows entering and exiting the lock. Tow pifots wese polled
as they left Lock and Dam 25 and none reported experiencing problems.

Velocities did change during the test. Two benchmarks were examined, the
percent of flows below 4 foot per second (fps) and the percent of flows below 2 fps.
These numbers were based on examination of fish prolonged swimming speed. Mosl fish
species can traverse flows less than 2 fps. As flows rise above 2 fps the number of fish
species that appear to be able 10 pass decreases. Four fps is the upper end of swimming
speeds for Mississippi River fish. At the start of the test over 35% of the flows were
below 4 fps and 5% were below 2 fps. As gates were lowered into the water these
percentages continued to drop. Near the end of the test, but prios to placement of gates 16
and 17 in the water, less than 13% of the flows were below 4 fps and less than 1% were
below 2 fps. By comparison, on 29 June, during open river conditions, 89% of the flows
were below 4 fps and 42% were below 2 fps.

The results of this study, to date, have shown that fish do move through Lock and
Dam 25 but movement appears to be Jimited to periods of open river. Manipulating the
gales to extend the period of open river is possible, but as originally tested also increased
velocities in gate bay 17. Fish movemenc dara 1s inconclusive. Changes in gate operations
do not appear to affect tow traffic. Work in the spring of 2001 will include manipulaung
gates as Lock and Dam 25 is heading towards open river (versus coming out of open river
like in 2000). Testing at that time should coincide with spring fish movement and should
give a better indication of the true effects of gate manipulation on fish movement. A
study report will also be completed in 200].

A &M 7. Middle Mississippi River Pallid Sturgeon Habitat Use Project. In
2000, the A&M program continued for the fifth year to fund Southerm Iinois University-
Carbondale, Cooperative Fishenes Rescarch Laboratory to monitor the relationship
between river raining structures and the federally listed endangered pallid sturgeon, and
to collect life history information. Efforts in 2000 focused on collecting and implanting
new fish, tracking exjsting fish, and continuing observation of 2 purported sturgeon
spawning site near Chester, Illinois.

Unfortunately, no additional pallid sturgeon were obtained from commercial
fishermen and implanted with sonic transmitters during year five. Two pallid sturgeon
were collected but not implanted with transmitters, due (o their small size. Tracking
continved in 2000 on rwo fish implanted in 1999, one of which was identified as a female
with eggs when originally captured.

A total of 193 relocations of the study fish have been made from 13 November
1995 to 3) December 2000. Most of the tracking effort was made berween RM §) and
151 in order 1o maximize relocations. The study fish were Jocaled in the main channel
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habital for 38% of all relocations. Main channel barder and between wing dam habitat
were used by the fish 27% and 14% percent of all relocations respectively, Twentv-five
percent of all the relocations were 1n some way associated with river lraiming siructures.
When water temperatures were below 4°C. the sturgeon were found 1 association with
current-disruption structures more often than dunng the studv as a whole (12% of the
time compared to 9%), however the main channel was still used most often (48%). Main
channe! and main channel border habitat were used 82% of the time once water
temperatures exceeded 4°C.

Habitat availability unalysis indicates that the study area was approximately 64%
main channel, 11% muin channel border, 1% downsiream island tips. and the other 24%
of habutat types being related 10 nver training structures. The sturgeon showed positive
selection for, in rank order: main channel border, down stream of island ups. between
wing dams, and the ups of wing dams. The fish showed a negative selection for. in rank
order, main channel, down stream of winy dams, and upstream of wing dams. Seasonal
trend work showed that the study fish genecally moved downstream in the winter.
upsiream during the late summer and fall, and had variable movements in the spring and
summer. Fifty-five substyate samples taken at the points where sturgeon were relocated
indicated that the fish were most commonly found over sand (81% ), and occasionally
over sand/gravel (9%) and mud/silt (5.5%).

Spawning site work in 2000 expanded sumpling work completed in 1999. The site
was sampled twice in 1999, and consisted of sand, very course sand, gravel, and pebbles.
In the spring of 2000, the site was sampled on three occasions with a benthic egg dredge.
No cggs of any kind were collected. In addition, trammel nets were drifted through the
area during each sampling wnp. No pallid sturgeon were collected and shovelnose
sturgeon made up the major.ty of the catch (59%). The St. Louis District was scheduled
to collect bathymetne, velocity, substrate, and hvdroacousuc fisheries data at the site. but
shallow water depths during the spring in 2000 did not allow the survey boat access to the
site. That work is now scheduled for spring 2001,

The results of this study indicate that palhid sturgeon may have a preference for
the types of habitats and conditions created along the main channel border, downstream
of island tips, and between wings dams. Based on these results, fawre St. Louis Distnet
projects in the open river (including the A&M program) will give consideration 1o the
creation or protection of these lypes of habitais and the importance they may play in the
recovery of the species. Res:oration or creation of these types of habitats will increase
habiat diversity in the open river. Increased habiiat diversity wi)l in turn benefit many
species, including the pallid sturgeon.

Southern Illinos University-Carbondale also completed a supplemental report
which specifically addressed pallid sturgeon use of reaches with bendway weirs. This
repon looked at pallid sturgeon use of the Kaskaskia and St. Genevieve bendway weir

l"i
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fields. Those two fields were within the area (r1ver miles Y4-123) that accounted for over
709 of all palbd sturgeon relocatons. Within that 30 mile area. bendw ay weir reaches
compnsed about 10% of the available habitat. Pallid sturgeon relocations were 1ound in
associaton with bendwayv weir habitat 8% of the nme. Based on those results i1 does not
appear that pallid sturgeon select for or against bendway weir habital.

More detailed resuits of the pallid sturgeon work is available in Appendix E.

A&M 8. Bendway Weir Fisheries Survey Report. Since 1990, the St. Lous
Distoct has installed twenry bendway weir fields in the Mississippt River. Hydroacoustic
fisheries work has shown that fish are using the weir fields but determining species
composition wus impossible. In 1995, the St. Louis District, in un effort to determine
what species are found in assaciation with bendway weirs, conducted a high explosive
fishenes survey at the Price’s Towhead bendway weir [ield. [n 2000. the nnal report on
that work was completed. A total of 217 fish was caplured using blast fishing at the
Price’s Towhead site. representing 12 different species. ['reshwater drum dominated the
catch, followed by gizzard shad. and blue catfish. Species composition differed by
capture method. Four specics. shovelnose sturgeon, skipjack herting, stonecat and
jreckled madiom, were collected only in the rmid-waler cawch nets. Two species. carp and
smallmouth buffalo. were collected only in the surface collections. Species specific catch
efficiency vaned oreally by sampling gear. Conventional Jish collection techniques (e.g.,
trotlines. wll nets. and hoop nets) were ineffective capture methods in the bendway weir
field when compared with the blast fishing. In [act, the most numerically abundant
species taken by explosives (freshwater drum) was nol taken by conventional sampling
lechnigues. The completle repont is located in Appendix F.

A&M 9. Wood Structure and the O&M Progam on the Open River. The
A&M program pariner agencies have Jong requested that the St. Louis District explore
WaVs to incorporate wood structures into our Operation and Maintenance Program on the
Mississippi River. The polenual environmental benefits of the District incorporating
woody struciures into its O&M progrum include increased habitat diversity and increased
organic matter in the river, In November 2000. a meeting was held between the Corps.
TIlinois Depariment of Natural Resources and the USFWS to determmine how and where 1o
place woody structure. It was decided ininally that two different types of struciures would
be prepared. wood bundles and a modified pile dike structure. The logs Lo be used for the
project came courtesy of the Westvacoe Corporation. Actual design and placement of thz
structares will be determined onsite by whai s feasible and safe.

The first work sile wili be in the dike iield between dikes 164.9 and 165.1. This
site will serve as the testing site to determine what is practical when driving logs. Once 1
has been established what is fezsible, the crew will move downstream and place an
unroo:ed dike at about nver mile 163.8R near the head of the sandbar. This site was
chinsen because placement here would hkely collect debris and push flow around the
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buckside of the sandbar. belping 10 1solatc the sandbar from the bank. Two sites were also
se.ecled for the placement of log bundles. Log bundies will be placed behind an L-dike at
river mile 165.5R and a wing dike at nver mile 137.3L.

Pre-construcnon monytoring will include bathymetnc. velocity. hydroacoustic
fish. and substrate surveys of the proposed sites. Post canstruction monitoring will also
mclude bathymetnic, velocity, hydroacoustic fish, and substrate surveys, as well as
macroinveriebrate and fishenes collection. The structures will be monitored and
evaluated for their value as river training devices. Construction will take place n 2001,
Monitoring will also begin m 2001, The results of the November meeling are in
Appendix G.

A&M 10. Mooring Buoy Replacement at Lock and Dam 25. The District
replaced the moonng buoy below Lock und Dam 25 in 2000. The original buoy installed
was a prototype designed by the Corps. based upon input from the navigation industry
and constructed by them at no charge 10 the District. The location below the dam
facilitated alignment with the lock for tows using the buoy on Lheir way upstream. The
tow captains experienced and reported several problems with the buoy as it was designed.
First and foremost. it had a tendency 1o turm over, thus being unavailable for use. Second,
it vacillated severely in the current created by high flows and was therefore unsafe for use
durmg those conditions. The prototype design was modified to comrect the onginal design
problems. Major design changes included a deeper and longer keel and a longer buoy:.
The height was also increased to make access to the buoy easier for deck hands
atlempting 10 tie-off from empty barges. A new buoy was constrocted, based upon the
modified design, with shared funding from the Maritime Administration 4nd the A&M
program. The new buoy was transported from Bollinger Sp Yard in New Orleans to the
Service Base in St. Louis by the navigation industry. The new buoy was placed in late
September. Preliminary indications are that the new buoy is functioning much better than
the original.

The protlotype buoy was removed from Lock and Dam 25 when the new buoy was
installed and transported 1o the Distnct Service Base, Present plans are 10 modify the
buoy at the Service Base, based upon the new design. and deploy it along the left
descending bank below the lock at Lock and Dam 22. The Corps 15 working with our
partners in the towing industry and Missouri Department of Conservition to find a
suitable on-bank mooring locaton. Modificavon and installauon of the buoy and bank
anchor will be accomplished vulizing A&M funds. hopefully in 2001.

A&M 11. Wing Dike Modification Pre-project monitoring, Dike 53.0L. In
January of 2000 the Corp collected pre-modificapon mului-beam bathymeltry. velocity.
and hydroacoustic hisheries data at an exisung dike located at niver mile 33. As
constructed, the dike extended 600 ft. inio the nver and had an elevaiion of +15 ft. LWRP
(310.48). The dike, which exiended into the navigation channel and was considered 2
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navigation hazard. was scheduled for modificatyon during the summer of 2000 Several
modification allernatives were discussed, including (J) removing the last 300 fu. of the
dike. |2) lowering the entire dike down 1o =135 ft. (creaung a wejr). or (3) Jowering the
last 300 ft. of the dike 1o ~13 ft. while leaving the rest of the dike intact. Through
coordination with regional resource agencies, the decision was made 10 implement option
3. The dike was modified in August 2000,

Results of the pre-modification bathymetric survey showed the presence of two
holes below the dike. One hole extended behind and riverward of the tip of the dike. The
second hole, which appeared 10 have been created by the plunging action of water
overtopping the dike. was located outward from the toe of the dike. The hydroacoustic
analvsis found an average density of 835 fish per acre at the site. The dala showed fish
using the entire area behind the dike. with the majority of the fish using the inside hole.

To complement the Corps wark, the Missouri Department of Conservation set
four experimental gill nets below the dike. Each 300-ft. net was set on the bottom, Two
nets were set in the inney hole, perpendicular 1o the bank, one net was set perpendicular to
the dike on the ridge between the two holes. and one net was set perpendicular to the tip
of the dike. Ninety-one fish were collected in the inside hole. The collection was
dominaled by shoveinose sturgzon but also included paddlefish, blue catfish, sauger, and
goldeve. Twenty-five fish (all sturgeon) were collected an the ridge between the two
holes. One appeared to be a shovelnose sturgeon/patlid sturgeon cross. Ten fish were
collecied 1n the nel set off the dike Lip. This area likely had flows higher than either of the
other net set locations. That set included paddlefish, blue catfish, and shovelnose
sturgeon. Post-modification momionng at this site 1s schzduled for 2001. The resulis of
the pre-construction work are in Appendix H.

A&M 12. MMR Side Chanpel Document In 2000 the St. Louis District
completed a vision document for the middle Mississippy River side channels, This
document, formed by a4 multi-agency commstlee composed of the A&M team members.
creates a vision for side-channel conservation and restoration work in middle Mississippi
River Long term goals established by the tcum included providing over-wintering habitat
every 5-7 miles, providing off channe! hubitut every 5-7 mules, maintaining connectivity
und small craft access to the side channe! arcas, and providing tmproved public access to
river resources. The condition and physical awributes of all 31 side channels in the Tiiddle
Mississippi River are outlined in the document. as are the imual proposed actions
required for rehabilitation and enhancement. The document, located in Appendix 1. wus
not a product of the A&M program.

v



FY 2001 A&M Program
The FY 2001 A&M budget 1s $1 million. This figure is in line with previous

years budgets but is Jess than the $]1.5 million per year requested in Design
Memorandum No. 24. At this time. the program is expected Lo be extended unul 2007 1o
offset the annual differences in funding. Proposed construction activities in 2001 include
completion of the chevron dike above Cottonwood Island (river mile 289) and
construction of the wood structures in the middle Mississippi River. Biological
monitoting work will incJude continued sampling at the chevron dike and multiple
roundpoint structures. new sampling behind the bulinose dikes, continued tracking of
pallid sturgeon in relation to Corps tramning structures, and post-modification monitoring
at dike 33.0. Further testing of gate manipulation scenanos at Lock and Dam 25 wil
occur in 2001. Monitoring of the effects of changing the Environmental Pool
Management regime will also continue. Plans also call for a generic side-channel micro-
model to be crealed to assist in planning future side-channel improvement work.
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2000 Summary Report
Chevron Dike Hydroacoustic Fisheries Sampling

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

Background: Three chevron dikes have been constructed yn Pool 25 of the Mississippi River
(M.R.M. 266.0R). Two of these dikes were construcied in June 1998, One was constructed in
March 1999. These mnovaue channel traming structores were built under the St. Louis
Distnict’s Avord and Minimize program. At this location the three chevion dikes, which look
like *V's or U’s" with the apex pointing upstream, were buill in a downstream Jine and act Lo
deflect flow towards the channel. During high flow a deep hole is scoured in the urea behind the
chevron dike's upex. The slack-waler area that forms behinds the structures. outside of high flow
conditions, creates g unique habitat. Previous fish sampling work on chevron dikes in Pool 24
(Atwood 2000) found that a vanety of fishes are using this habitat.

Sampling to Date: The three chevron dikes at 266.0 were sampled once in 2000, on 7
September. A winter 2000 sample was planned but due 1o 1cy conditions during most of the
winter we were unable to access (he site. The chevrons were previously sampled on 4 August
1999 and 13 December 1799. Information on each sampling trip follows.

4 August 1999
All three chevron dikes were sampled. Water iemperature was 27.2°C. Pool 25 was at open
rver but the chevron dikes were nol overtopped. The MV Boyer was used 10 cotlect bathymetry,
velooity, und 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
wransects 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 7 meters. Analysis
of the hvdroacoustic data found similar fish densities behind all three dikes. Densiies ranged
from 323 fish per acre behind the top chevron dikc 10 406 fish per acre behind the lower chevron
dike. The density behind the middle chevron dike was 402 fish per acre. Because Pool 23 was
at open niver, 1t is likely thut these dikes were providing some refuge to fish from the higher
velocities associaled with open river.

13 December 1999
All three chevron dikes were sampled. Water temperature was 5°C. Poo) 25 was at normal pool
conditions. The MV Boyer collected bathvmetry. velocity. and hydroacoustc fishenes data. At
each chevron dike. the same transects lines run on 4 August were run on 13 December, In
addition, one transect wus run across the back end ol each chevron dike and one transect was run
around the outside of the loewer and upper chevron dikes. Two additional transects were run
inside both the 1op and middie chevron dikes. Depths behind the top and middle chevron dikes
exceeded 9 meters. Depths behind the lower chevron dike exceeded 4 meters, Fish densities
between the three dikes varied greatly. No [ish were found using the lower weir. Fish densitics
per acre were 1.828 and 2390 for the upper and middle chevran dikes respectively. No fish were
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inund on the transects run across the end of each chevron dike  One fish wus found on the
transect around the outside of the lower chevron dike. No fish were found around the oulside of
the upper chevron  Transecis and fish locations for all three dikes are included at the end of the
report.

7 September 2000
All three chevron dikes were sumpled. Waler temperature was 24.8°C. Pool 25 was at normal
pool conditions, The MV Boyer was used o collect bathymetry. velocity. and hydroacoustic
fisheries data. Transects were run upstream from the bortom of the chevron dike 10 the apex.
Four transects were run inside of each the three dikes. Depths behind the top and ryddle chevron
dikes exceeded § meters. Depths behind the lower chevron dike did not exceed S meters.
Anaivs)s of the hydroacoustic data found similar fish densiues behind the upper and middle dikes
(490 and 317 fish per acre). Fish density behind the Jower chevron was very low (32 fish per
acre). Densities dunng this sample were similar to those collecied during the August 1999
sample.

Table 1. Chevron sumphing duta

Sample |Max. depth|Fish density| Water temp. |Pool conditions
date meters #/acre G

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

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

Middle Chevron inside| 12-13-99 : 5 1 2590 5 Normal pool (winter)
Midgdle Chevron inside| 9-7-00 8 317 24.8 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

Conclusions: Fjsh were using the chevron dikes during all sampling trips. The upper and
midcic dikes showed a marked increase in density from the Auguost and Seplember samples to the
December sample. These increased concentrations are likely due o the fact that fish are using
the structures as over-wintering locations. Both dikes pravide the deep holes and low velocities
that fish seek out dunng the winter. The lower dike had no over-wintering fish and held very
few fish during anv of our sampling tnps. This lack of fish may be due 10 the configuration of
that dike and/or when it was constructed. The configuration of that dike (the riverside leg is
much shorter than the bankside leg) does not provide the refuge from nver flows that the other
dikes appear 100, Having becn constructed one vear later than the upper two chevron dikes. the
lower chevron dike has had only two high water event 1o create g scour hole behind the dize.
Consequent!y. depths behind the lower chevron dike are shallower than behind either of the
upper (wo chevron dikes.



While Jower than the December sumple. the Augusi and September samples showed that fish
were using all three of the chevron dikes. The density data from Sepiember 2000 (pooled
conditions ) was similar to that seen at open river in August 1999, Addshonal data during thesz
two conditions would help detemune 1f fish are using chevron dikes as a refuge from rising flows
outside of the over-wintenng season. Based on the results from Arwood (2000) you would
expect fish 10 be using the dikes vear round.

Monitoring at the site will continue in 2001. Presentl\ a summer and 2 winter sample are
scheduled. In addition to hydroacoustic monitoring, gtil nels will be set to delermine species
composition behind the dike.
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Army Cormps of Engineers. St. Louis District. 18 pp.
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Introduction

The [linois Department of Natural Resources. Division of Fisheries. Boundary Rivers Program.
with assistance from the St. Louis Disirict. Corps of Engineers. has conducted fish sampling with
A.C. electrofishing (EL) on the Cottonwood !sland chevron dikes since October 1993. Three
chevrons were constructed by the St. Louis District in the October 1993. The chevrons were
construcied as an alternative to constructing a rock closing structure between the upper ends of
Sand Bar [sland and North Fritz Island. between river miles 290 and 289. Construction of two
more chevrons at this location is planned. The chevrons were constructed 1o increase the
proportion of the flow 2oing down the main channel with the goal of reducing the amount of
maintenance dredging needed in this river reach.

Methods

The upstream and downstream most chevrons have been sampled. along with a small backwater
slough at Drift Island as a control stations. In 1998 1wo additional control stations (Head nf Bay
Island and main channel border along Cottonwood Island, adjacenl to the upper chevron) were
sampled to evaluate them for possible inclusion in the study. The dates of sampling for these
sites. «s well as EF time period {or each site are shown in Table ©.

The electrofishing unit used in this stady 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 ofl
the bow of the boai (18" welded aluminum boat). The elecirodes are approximately 5' apart.
project about 6' off the bow and extend into the water about 4' in depth. thus creating an clectric
field with an approximate diameter of | 0' and reaching a depth of about 6'. Typically 6 - 10
amperes of current are generated within this field. The sampling is conducted by 2 two person
crew. one slationed in the how 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 moter. Typically. two EF runs are
conducted at each chevron, one along the outside of the chevron and ane within the inside of the
chevren. Rough sketches of the study area and typical chevron samipling runs are atlached.

Afier each EF run the fish are identified 10 species. weighed and measured. checked for
abnormalities and discase. then returned live to the river. Fishes too small te identify in the field
are preservec and returned to the Jab for processing. Data are 1abulated on standard field sheets
and Jater entered into the Deparntment's hisheries database (Iisheries Analvsis Svstem). Voucher
specimens were sent 10 the Department of Zoology at Southern Illinois University. Carbondale for
prescrvation and storage.

Results and Discussion

A total of 8813 fishes representing 56 species have been collected during 1329 minuies of
electrofishing (99.49 hish/13 ef mun). When these data are summarized by habitat tvpe (inside.



outside. Dnifi Island Slough and Head of Bay Island) over all sampling periods (Table 2). the
highest calch rate was observed inside the chevrons {152.23 £sh 5 min EF). followed by Drifi
Island Slough (104.50 fish/15 min EF). outside the chevrons (70.22 fish/t S min EF) and Head of
Bay Island (68.57 fish/15 min EF). The number of species collected was also highest inside the
chevrons (42 species) [Table 2]. followed by Drifi Island Slough (38 species). outside the
chevrons (30 species) and Head of Bay Island (27 species). Forty nine of the 56 species collected
have been collecied at the chevrons (inside and outside combined). Table 3 summerizes fish
collections from all sites sampled to date.

When the number of species collected at each station are compared (Figure 1). the highest species
richness was observed from inside tae upper chevron (39 species) followed by Drift Island Slough
(38 species). upper outside (29 species), lower inside (28 species), Head of Bay Island (27
species) and lower outside (19 specics). When catch rates for each site (over all sampling
periods) are compared, the upper inside chevron is higher than all other sites with 159.40 fish/15
min EF. followed by lower inside (130.94 fish/15 min) and Drift Island Slough (104.50 fish/} 5
min) [Figure 2]. Although some of the difference in catch rates and species richness can be
explained by variable sampling effort among starions, and differences in electrofishing efficiency
among stations, these data suggest thal the habitat types created inside the chevron dikes are
holding more mdividual fishes and more fish species than either the habitat immediately outside of
ihe chevrons or nearby side channel and backwater habitats.

A similar picture emerges when the caich rates of selected individual fish species at each siation
are compared. The catch rates for gizzard shad (Figure 3) and bullhead minnow {Figure 5) werte
higher inside chevrons than elsewhere. The catch rate for smallmouth buflalo was highest in the
slough followed by inside lower and mside upper (Figure 6). The catch rates for channel catfish
(Figure 7) and flathead catfish (Figure 8), however. were highest on the outside of the chevrons.
The largemouth bass catch rates were highest in the slough. and slightly higher inside the two
chevrons than outside (Figure 9). The bluegill catch rate in the slough habital was much higher
than elsewhere. but was higher inside chevrons than outside (Figure 10).

An examination of the length frequencies of selected fishes collected from the vicinjty of the
chevrons and Drifi Island Slough helps Wustrate the similanities and differences in the fish
populations inbabitaung these habitat types. For instance, although smallmouth buffalo densities
associatec with the chevrons appear (o be considerably less than those in Drifi 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 (Figures 1 1. 12 and 13).

The channel catfish catch rate was more than three times higher along the outside of the chevrons
than nside (Table 2). sugeesting hicher densities outside. The channe) catfish catch rate at Drifi
Island Slough is similar 10 that observed inside. The size structure of channel calfish collecied at
Drifi Island Slough. and inside and outside the chevrons indicates similar sized fishes are utilizing
these areas (Figures 14, 15 and 16). The catch rate data coupled with the length frequency data



suggests that adult fish are residing most ofien outside the chevrons and occasionally move into
the inside. The purpose of such movement is unknown. but at least two possibilitics exist.
Channel catfish use the inside as a temporary resting place from high corrent velocities
cxperienced on outside. and thev are mihzing the shehty higher densiry of forage fishes and
slighter different macromvenebrate assemblage (Ecological Specialists, Inc 1997) found inside the
chevrons.

Unlike the channel catfish. the catch rate for white bass on the inside was 2.5 times that on the
outside and the observed size disiribution 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
habital is providing valuable nursery habital for young white bass.

Largemouth bass and bluegill densities also appear to be higher in Drifi Island Slough than inside
chevrons and the size structure in these habitats is simifar (Figures 17, 18, 19 and 20). probably
indicating the chevrons are providing favorable juvenile and adult habitat conditions.

Conclusion

The data collected thus far in this evaluation strongly suggest that chevron dikes are providing
useful and valuable habitat for a variety of riverine fishes. The ouiside of chevrons have been
shown 1o provide excellent habital for quality sized channel caifish, flathead catfish, common carp
and a varietv of minnows and shiners. Smallmouth bass. uncommon within this river reach. have
also been collected along the outside ol chevrons. From the species composition and the number
of voung 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 electrotishing effort for Coftonwood Island chevron dike study.

Elecu'onsnﬁr_z_l
Samphing date lStauon name eftor iminy
1£-0¢1-53 Upper Chevron Outside 2 |
02-Auc-85]Upper Cnevion Oulside 14 .
| 12-Sec~851Upper Cnevron Outside 16
f 11-0ct-85|Upper Chevron Quisiae W4
[ 14-Aug-96|Upper Cnevron Qutside | 14
| 0¢-Sep-96! Upper Chevron Outside 15
05-0c-85|Upper Chevron Qulsioe 15 i
16-Jul-7 |Upper Cnevron Ouiside 10 |
26-Sep-97! Upper Chevron Oulside 15
12-Jun-88|Upper Cnevron Outside 20
17-Aug-98|Upper Chevron Oulside 15
14-0c1-98: Upper Chevron Outside 35
26-Avg-991Upper Chevren Ouiside | tE
25-Sep-88{Upper Chevron Oulside 12
22-May-00! Upper Chevron Ouisce 12
| 29-Aug-G0iUpper Chevron Oulside 15
Miﬂw_c"&‘ﬂﬂﬂ Qutside 15
[ 18-0cl-00! Upper Chevion Outside 15
| 14-0ct-93| Upper Chevron Inside &
02-Aug-B5|Upper Chavion Inside 14
12-Sep-85|Upper Chevron Inside 18
11-0c1-85 | Upper Chavron Inside 14
14-Aug-98!Upper Chevron inside 15
09-Sec-96| Upper Chevron Inside 15
08-Oa-86 | Upper Chevron inside 15
16-Jul-87 | Upper Chevron Inside 10
26-Sep-87 |Upper Chevron Inside 15
12-Jun-98 | Upper Chevron Inside 15
17-Aug-98|Upper Chevreon Inside 15
14-Oci-28 |Upper Chevron Inside 15
26-Aug-99 | Upper Chevron Insige 15
23-Sep-98/Upper Chewvren Inside 12
22-May-00;Upper Chevron Inside 1z
25-Aug-00!Upper Chevron rside 15
29-Sep-00| Upper Cnevron Inside 16
18-0ct-00 | Upper Chevron Insids 15
14-0ct1-93 | Lower Chevron Quiside g
12-Sep-95/Lower Chevron Oulside L)
14-Aug-95 Lower Chevron Outside 5
08-Sep-95|Lower Chevion Oulside 15
08-Oct-86 | Lower Chevran Oulsige 15
16-Jul-87 | Lower Chevron Outside 15
1 7-Aug-98|Lower Chevron Oulside 15
14-0c1-83 | Lower Chevron Inside 8
12-Sep-06|Lower Chewron Inside 1€
14-Aug-96| Lower Chevron Insicde 15
16-Jul-87 ! Lower Chevron Insioe 15
" 2-Jun-98. Lower Chevron Inside | 15
17-Aug-98| Lowsr Chevron Inside  * 15
14-0c1-08| Head of Bay Islend 20
26-Aug-99/Head of Bay Island i5
23-Sep-09|Head of Bay Isiand 20
22-May-00]Head of Bay Islang 20 |
29-Sep-00|Head of Bay lsiand ] 5 |
18-0ci-00|Head of Bay Island 15 |
21-Jui-851Drifi Isianc Siouan 3c |
27-Jui-951 Drift Island Stouan 30
12-Aug-9€1|Dnh Isiane Slough 20
12-Aug-261Drift istanc Siouoh 30
0%-Sep-96!{0rift Isiand Siougn 15
08-0c:-96/Dnft Isiand Siough. 18 |
04-Aug-87|Drift 1slang Stouan | 30 =
Oé-Aug-47 | Drift 1siand Slouan | 30 !
0&-Ayug-98| Drift Istand Slouah | 30
06-Aug-98|Dnft island Sibugn | 30
25-Aug-29|Dnift Islang Siouah 30
25-Aug-29| Drift Island Slough 1]
28-Aup-00!Dxrift Island Siougn 3
26-Aua-00i Drift 1siang Slowgh I 30
12-Jun-881Cononwaod MCE p 2C I

Total eftori o date | 1208
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Table 2. Composttion of fishes collected with boal elecuofishing at Cottonwaod \aland Chevron Dikes study area, 1893 - 2000,

Chevion lnside | Chuvran Chevren totyl o e, Desft ts. Slaugh Al Btatinas
Tt et 37 As? Tl 1o A0 nes
Species W |Ninbmin N ?mm N INiysmn MM b N |Wribemn N [MAbmin
SR St | :
|Snonncse gar 3| B3 | 8] G09 4] 028 by I W 01
Lenanose par 1 | & 018 5] 0.0¢
Bowlin | ' 2 0o 25 0.32]
Amenzan gel 2l oo 2] 0p4 I | 2] 003
SKipiach nefing 1) 0p4 1 il o2 1014 | 2]  oc¢s
Gizzarce shas 785 2539 1686, ©97 861 Vop2 14 200 264] 1131] 1268 1601
Tineaahn snad Z_ nos F 0 04 | { 2 o
Moaneve 3 £13 3 :Bﬁl i | 3 004
Bionead carm 1] Doz \f 062 | 1004 2] 003
Silver carp | 1 004 1601
Gorghish 1 _poL 1 o2 | 1 D
Caro 44 156 108l 43¢ 152] 083 46 ToOl 125] 4B 32 <13
Carp x Goidfish | 1 [ 1 0.01
Centia storerclier ] f]__004 10 1014 20 0.03
Suckermouin mmnow 5039 5] 009 5| 008
[Siiver £ndo il 03t 1 046 B 033 ! 2] 046 0 ¢ 31'1
[Spotfin shiner 125 563|283+ 1105 389 38 a7l 671 a0 s:l T
Fod snina 18] D62 A 185 55| )26 22 7 | ? <
Emeralg shiner BT7] 3013] 1037 2ST]  AM4 1279 156] 2229 4 [1] 15[ 1874] 3364
Silveranc smnes 1 004 1 02 1 0ot
Fiver shine 48 234 a2 134 _BD 091 B0 10
}Ehgrr:ouu- Sraner 1 004 1 002 ] [efv3]
Sand shinos 703 AR 24] 013 Z4]— ©6a0]
|Chiantie! stunet [E 360 3| 18 g 1 _ﬁ 11 157 1l _ooe 13 165
Sponel shine! 4 018 4 0.08 4 oo‘g%
Sninet spp 13 :.ss?l 13] 025 016
Bluninose mannow d L) 5] 027 g 0 08| 1] 004 ['E '-'31
Bullneag minnow 526 2341 56, 2,35 580 S 5d 14 200 51 195! a7 £16
Bigmouth butfalo 1B| G 80 __l 1A C 1S 185| 114 438 145] 1 B3|
Stmallmoutr bufaio 601 267 25 1 B5] 1% 20 029 253] 973 340 429)
Biace buftaio 1 0.0 1 Ol}a"_'_ 2 029 1 042 14 Qg
M 14 062 1d 0.26 14 G118
Duiliback 12] 062 14| 025] § 004 1601
‘River car 105, 467 i) 00 A 1.58 19 073 125 1.58
Highfin carpsuckar 1 D04 - 01‘5;1 002 | 1 oo
Spofted sucker [ _} 2| ovoe E 003
Shonhead rednorse “ D1 8] 03 13 008 4 05T 4 015 2 026
Gelger roarorse 3] 01: ] 300 1] 614 4005
‘Chiannel catfish Ev) 0] 462 142 06D 191 271 a3 165 o04] 287
Flathead cafigh 5! 22 105 a4t 110 0.08] S 0.7t 33 127 148/ 1 87
Freciklod madiom 1 004 1 i 1 Li1e 2] __0o3
(Mpsguitcfish zal_ 1c| 45] 173 69{ .67
|Brook silversige 2 009 1 004 E] (04
Whnite pass 3 142 L 3 012 £2] 08|
Yallow nace | 1 004 0.01
Biack crappe S 1022 | 121 4 65 138/ 175
[Wnite crappee ) 4B 157 48] 063
Largamouth hass 40 1 ?&j & 0234 112 431 1E4 207
Smalimoutt basg | rd 038 i 0.0¢
Warmout 1__Opa 11 042 12 01
Green sunhish W5 467 13 LSb & 023 1w 1§
Blueai Je2_iossl @8] 109 G80| 37681 1546l 1668
Regea synbsr 1 004 i 001
Blosgilt » Green sunfish 3 004 | 1 o
Qrznoespotec sunfish 319 $.30 JL___bos Zeql 11 420 320
Walieye | 1 G 04 kil 001
Sauge! 3] G153 | ) 2008 5 005
L ch 1 Cna Y004 ! 2l 008 4 0G5
Mue gener § 20 008 2| 003
Frgsrwale: drum 183 B15 53] T3} 236 346 7. 243 B3, 318 335 424
| 7 otai numte: hen coliocted 3420 152323] 2158 90671  SI7B! 6481 ABD, BBS7| 2717, Y04S0l Bris| 13070
| Numbe 0) spisciis colectm 82, 30 1 49| a7 38! 5




Tabte 3. Summary of fishes collected with boat electrofishing at Cottonwood Island
Chevron Dikes study area, 1993 - 2000.

Chevrons Control sites ]
Lowes Irede | Lowil safisipe: | Eppevencde | Uippes oultice e od Bay os, HWCE [nefl 4. Shounth AF Sl
sampting efont {min) 85 G0 252 25 105 20 390 1208
Species
Shorinose gar 5 2 3 10
Longnose gar 5 5
Bowfin 25 25
American el 2 2
Skipjack herming 1 1 2
Gizzard shad 215 41 580 125 14 5 2394 1274
Threadiin shad 1 i 2
Mocneye 3 3
Bigthead carp 1 il 2
Siiver carp i 1
Galdfish 1 i
Carp 7 27 37 81 49 4 125 338
Carp x Golgfish i 1
Ceniral stoneroller 1 1 2
Suckermouth minnow 3 2 B . 5
Silver chub 2 7 g 2 30
Spotfin shiner 52 57 T4 208 47 3 3 442
Red shiner 1 5 i3 32 32 El¢]
Emerald shiner i19 154 558 843 156 3 4 1877
Silverband shiner 1 1
River shiner 20 13 28 18 2 82
Bigmouth shiner i 1
Sand shiner 1 7 18 24
Channel shingr 5 8 78 28 11 2 1 133
Spottail shiner 4 4
Shiner spp. 13 13
Bluntniose minnpw 1 3 5 1 19
Bullhead minnow 114 7 412 48 14 1 51 648
Bigmoutt buffaio 10 8 13 14 145
Smallmowth buffalo 27 8 33 17 2 2 253 342
Black buffaio i 2 11 4
Carpsucker spp. 14 14
Quillback 5 B 1 " 16
River carpsucker 30 75 1 3 19 128
Highfin carpsucker 1 i
Spotied sucker 2 2
Shorthead redhorse 4 4 5 4 5 4 26
Golden redhorse 1 2 1 1 5
Charninel catfish =S 56 24 54 19 2 43 206
Flathead catfish 3 . 27 2 78 o 33 148
Freckled madtom i . 1 1 2
Mosquitofish 23 1 45 68
Brook silverside 2 1 3
Vhite bass 14 5 i8 9 5 i 3 55
Yellow bass 1 il
Biack crappie 3 2 13 124 139
VWhite crappie 2 1 48 49
Largemouth bass 1 28 8 4 112 164
Smallimouth bass 1 6 7
Warmouth 1 H 12
Green sunfish 4 101 13 2 2] 126
Bluegill 23 4 258 22 58 1 850 1347
Redear sunfish i 1
Biuegill x Green sunfish 1 1
Crangespotted sunfish 23 98 2 5 294 420
Walleve 1 1
Sauger 3 : 2 5
Logperch 1 i 2 4
hud darter 2 2
Freshwater drum 38 18 144 35 17 4 83 340
Totat aumber fisn 742 479 2678 1679 480 40 2717 8815
Mumber of species 28 g 39 28 27 18 38 56
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Figure 1

Total number of fish species collecied with &ﬁﬁioﬁstﬁng‘at:&dﬁaméd Island
chevron dikes study area.
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Figure 2.

Tolal number of fish collected per 15 min of electrofishing al Cottonwood Island
chevron dikes study area.
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Figure 3 Total number of gizzard shad collected per 15 min of electrofishing a1 Cottonwood Istand.
chevron dikes study area
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Figure 4 Total number of emerald shiner collecied per 15 min of electrofishing al Cottonwood Isianad
‘chevron dikes study area




number of fish collecled/15 min ef

Stations

Figure 5. Total number of bullhead minnow collected per 15 min of elecirofishing al Cotionwood Island
chevron dikes study area
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Figure 6. Total number of smalimouth buffalo collected per 15 min of electrofisting at Cotionwoad Islar
chevron dikes sludy area
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Figure 7. Total number of channel catfish collecled per 15 min of electrofishing at Cottonwood Island
chevron dikes study area.
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Figure 8 Tolal number of flathead catfish collected per 15 min of electrofishing at Cottonwood Island
‘chevron dikes study area
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Figure 9. Total number of fargemouth bass collected per 15 min of electrofishing at Cottonwood Istand
‘¢chevron dikes study area
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Figure 10 Total number of bluegill collected per 15 min of electrofishing 2t Cottonwood lstand
¢hevron dikes study area.
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Figure 12 Lenath frequency of smallmouth buifalo collecied inside Cemtonwood Isiand Chevron
dikes 1883 -2000
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Figure 11 Length frequency of smalimouth buffalo collected al Orft Island Slough, 1983-2000
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Figure 14 Lenglr ‘requency of cha=nel carisn collecied at Drifi Island Slougn, 1923 -2000
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Figure 13, Lengih frequency of smallmouth bufialo collecied outside Cottonwood Isiand Chevron
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Introduction

The Ilinois Department of Natwural Resources, Division of Fisheries. Boundary Rivers Program
has collected eight ish saraples with A.C. electrofishing (EF) at the Multiple Raund Point
Structures constructed by the St. Lows District. Corps of Engineers at Mississippi River mile
256.6L. since August 1998 (164 min), The sampling was conducted in order to obtain information
on the composition of fishes ulilizing these structures.

Methods

The electrofishing (ef) unit and the sampling methodology used in this sampling effort is the same
as thal used in the chevron dike study. Fach sampling run involved electrofishing around each of
the six round points and collecting all fish stunned within the range of the dip net and circling
around below and between structures to capture stunned fishes initially out of range.

Results and Discussion

A total of A90 fish (63.11 fish/15min ef). representing 21 species were collected on the eight
sampling runs (164 minutes total) [Table 1 and Table 2]. Emera.d shiner. gizzard shad and
flathead catfish exhibited the highest overall catch rates. followed by carp, freshwater drum and
channe] catfish (Table 2). Emerald shiner. channel catfish. flathcad catfish and freshwater drum
were collected at each sampling trip, carp and shorthead redhorse were collected on 7 of 8 trips
(Table 3).

A notable species collected in this effort 1s the blue sucker. This big river species is uncommonly
collected in tae Mississippi River and is considered a species of special concern by state and
federal nawural resources agencies. The collection of a blue sucker on 4 of 8 sampling runs may
indicate (hat these fishes are seekinz the habital conditions provided by these struciures.

The length frequency distributions of the flathead and channel catfishes collected thus tar ndicate
that both voung of vear and older individuals of these species are wilizing these structures.
Length and weight daia for channel catfish. Nathead catfish and blue sucker are attached.

Conclusion

The data collected thus far in this evaluation suggest that multiple round point structures are
providing useful and valuable habitat for a variety of riverine fishes. Collection of blue suckers
may indicate these structures are providing a unique habitat tvpe (riffle-like). once more common
wn the rivey.
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Table 1. Sampling dates and electrofishing effort for Pool 25
Multiple Round Point Structures, 1998-2000.

Electrofishing
Sampling date effort {min)
18-Aug-99 22
15-Oc1-98 15
07-Sep-99 20
22-Sep-99 30
23-May-2000 15
28-Aug-2000 20
26-Sep-2000 20
17-0¢t-2000 22
Total 164




Table 2. Composition of fishes collected with A.C. electrofishing at Pool 25
Multiple Round Point Structures, 1998-2000 (164 total minutes ef).

Species Number |No./15min ef
Gszzard shad 88 8.05
Mooneye 1 0.09
Carp 32 2.93
Spotiin shiner S 0.82
Red shiner 3 0.27
Bullhead minnow 2 0.18
Emerald shiner 388 35.48
River shiner 2 0.18
Sand shiner 2 0.18
Channel shiner 13 1.18
Smallmouth buffalo 6 0.55
Blue sucker 9 0.82
Shorthead redhorse 15 1.37
Channel! catfish 23 2.10
Flathead catfish 57 5.21
Stonecat Z 018
White bass 1 0.09
Green sunfish 7 0.64
Bluegill 1 0.09 |
Slenderhead darter 1 0.09 |
Freshwater drum 28 2.56
Total number 630 63,11
Total number species 21




Table 3. Composltion of fishes collected with A.C. electrofishing at Poe! 25 Multiple Round
Polnt Structures, 1998 - 2000.

Species Aug 98 | Oct 98 | Sep 98 | Sep 95 |May 00 |Aug 00 |Sep 00 | Oc1 DO | Total no. |tmewmy
samaling affes (min} 22 15 i g £ 20 20 22 VBL ot stasrienis
Gizzard shad 22 30 2 5 17 13 88 3
Mooneye 1 1 {
Carp 3 5 12 3 6 1 2 32 7
Spotlin shiner N 1 5 3 9 3
Red shines 1 i 1 3 3
Bullhead minnow 1 1 2 2
Emerald shiner a1 & kLl i 1 87 55 164 388 8
River shinet 2 2 1
Sand shiner i 1 2 2
Channel shiner 4 1 8] 2 5 12 5
Smalimouth buffalo 2 2 2 ; 6 3
Blue sucker 1 1 & 1 9 4
Shonhead redhotse 2| 3 2 3 3 1 1 15 7
Channel eatfish 5 3 3 3 4 3 1 1 23 8
Flalhead catfish 14 5 13 5 2 " 4 3 57 B
Stonecat 1 ] 2 2
Whrte bass i 1 1
Gteen sunfish 2 3 2 7 3
Bluegitl 1 1 _ T3
Slenderhead darter 1 1 1
Freshwater dium 2 - | 4 \ 1 3 12 2 28 B
Totals 82 55 7 a6 30 126 RO 198 690 8
Total no. spp 9 8 14 10 8 13 9 13 21
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Introduction

The Illincis Department of Natural Resources, Division of
richeries, Boundary Rivers Program conducted fisk sampling with
E.C, elscrtroiishing (ZF) on the Gosline Island Off-banklins
Fevetment (DBR) between July 12821 and September 1935 tu ﬁvaiga:e
vossible ficgheries benefircs oif this type of structures., Tnis
report presents a brief overview ¢ the results cof the szuly.

Methods

The Gosline Island OBR is located between approximate Mississipp:l
;“ev miles 289.0 and 279.8 along the left descending banx of ths
&V 3 galtOﬁ channel. 1In 1881 three electroifiishing samp:ing
scations were established for this evaluation: Gosline “=sig
Rock, Goeline Ouctside Rock and a main channel borbor (MCB)
control =ite. Electrxofishking runs &t Gosline Inside Rock were
made along the inside surface of the Goslire Island OBR (i.e.
along the vock surface between the island and the OBR).
Zlectrofishing runs at Gosline Outside Rock were made along the
outside surfiace of the OBK. Electrofishing runs at the MCB
control site were made along a conventional reck revetment, wit!
rock similar in size to that act the OBR, located along the right
descending bank between approximate river miles 277.0 and 276.C.
In 1992 a statics along the island’'s natural hankline insice :he
Gosline Island OBR wzs addied and in 1584 a =side channel bordéer
(SCB) contrel site along the Illincis shoreline opposite Goeline
Island between approx-imate river miles 280.5 and 279.8. The
dates of sampling and electrofishing effort for “hese sites are
presenteld in Table 1.

'3 :1_1 )

The electreofishing unit used in this stuldy consists of a 230
vole, 4000 watc, 2 phase A.C. generatox wnich energizes 3 steel
cable electrodes (5/8") suspended from 3 booms projecting off the
bow 0f the boat (18' welded aluminum boat). The electrodes are
approximately 5' apart, project about 6' off the bow and prcject
into the water about 4' in depth, thus creating an electric field
with &n approximate diameter of 10’ and reaching a depth of abou:
6'. Tvpically 6 - 10 amperes oI current are generated within
this field. The sampling 1s condic:i=d by 8 twWO DerSOn 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 cxygenated live wesll,
and one c¢perating the motcecxy. Tyvpically, two EF runs were
conducted 2zt each station. Rough sketches of the study area &ndg
typical CBR sampling runs are actached.

Lfter each EF run the Iish are Identified to species, welighed and
measured, checked fogr zbncrmalizies znd disease, rthen returnsd
live to the river. Fishes too small to identify in the field are

preserved and returned to the lao for processing. Daca are
tabulated on standard field sheets and later entered ianto the
Department’'s fisheries database (Fisheries Analysis Sysctem).
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Results and Discussion

A total ¢f UEEE fishes repressnting 4% species and 2 hvbrids have
been collected during 18282 minutes of electreoiishing (76.31
fish/l5 ef min). When these Gata are summarized by habitat type
{MCB contrel, inside rock, insige natursl, outside rock and SC
Control) over all fish spescies and sampling periods (Tzble 2),
the highest cazch rate was obhserved along the natural banklin
inside the O0BR (97.3%4 fish/15 min EF), followed by inside rock
(94.25 Zish/15 min EF) and side channel border control (E3.42
fish/15 min ZF). The catch rate at outrside rock (62.52 fish/15
min EF) was slightly higher than the cacch rate at MCE control
(52.90 fisnh/l1l5 min =Z¥). These det:= suggest that the habita:s

types created inside the O0BR are holdlng more individual fishes
and more fish species than either tiiz habitat immediately ocutside
the OBR or at the contreo)! sices. It should be noted, however,
that the hicher catch rates observed on the inside of the OBR may
be the resul: of greater electrofishing efficiency in the
shallow, confined condlzions or. the inside.

The number of species collected was also highest along the inside
rocks (28 species) (Table 2], followed by insicde natura” (34
species) and outside rock (32 species). The number of species
collected at the MCB3 and SC contrel sites was 25 and 27,
respectiively. When observed as a single habitat unit, with OBR
habitats inside and outside viewed as an interacting, integrated
wnole, we nctice that of the 48 specises collected so far in this
study, 47 are associated with the OBR.

The catch rates for gizzard shad, bullhead minnow, smallmouthn
buffalo, black crarpie, white craople and bquQlL_ were ~icher
inside OBR than elsewhere. The following species were co.lected
only inside OBR: shorc-nose gar, bowfin, goldeve, northern p ke
golden shiner, silverband shiner. sand shiner, blackstripe
Lopminnow, mosqultof;sn and orangespotted suniish. The catch
rates for channel catfish, flathead catfish and smallmouch were
highest on the outside rock of the 0BR. River darter, logperch
and fanrail darter were collected only along the ouiside rock
(Table 2).

Conclusion

The data collected thus ZIar in this evaluation s“rongly suggesct
that off-bankline revet ments are providing useful and valuable
habitat for a variety of riverine fishes. The outside of the OBR
provide excellent nebitet for guality sized channel catfish,
flathead cetfish, common carp and a variety of minnows and
shiners. TFrom the species composition and the number of young of
the vear fishes presesnt, the inside of OBR appezr to be prov:iding
backwater type habitac (a: anﬂvnprlate watar levels) in a reach
¢cf river where such habitat 1s limited.
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Table 1. Sampling dates and electrofishing eHon for Gosline Island Off-bankline Revetment study.

[ Siation Name |Sampkng date = & ehos (min; |
| —f; ! 1
| Gusling Insige Rack -yl 151
|Gosline Inside Focr | 5-Aug-81 15|
|Sosine Instoe Roze | 10.5ep-81 15|
|Gushne insios Rock | 15-Dict-B 15|
Gosling insioe Foch | 20-Nov 01 i
Gosbne nsige Aock | 11-Dec-91 15
Gusiitie insige Rock | 26:Apr-53| 15
| Gosline Inside Rock | 12+Mav-82, 15
|Gbsine tnsige Rosk | £ Jun-92 15
|Gashne insioe Rock. 21-)ul-82] 1
Sosline Insioe Rock 17-Aug-Y A
Goshne Insioe Rozk 25-5ep-9 15
Goshine inside Rock 13-021-88 a
Gosime insige Roch 13-021-83 15
Gosling Insios Rock 10-May-84 15
Gosling insioe Rock 10-May-84 3D
\Gosiine insige Kotk 15-Jun- B4 7.3
|Gosline inside Fock ] E-JulGa] 10]
Gosline Insidé Rock [ 16- Aug-0d) 10!
ling Insiage Rock 14-Sep-84. 15
Gosline Inside Rock 5>-Ocr8d 10
Gosiing Incide ROCK E-JUkB5 |
Goshine inside Rock 1-Aup-B5 T8
Goshine Inside Rock 11.Sep-B5| S
Gosline inside Rock 11-Se0-B5 10
Gasline MC Gonlol 11-Juk-01 \5
Goslme MC Contro! 5-Aug-21 [E
Gosline MC Conliol 10-5ap-81 15
|Gaosline MC Conval 15-0c1:01 15
Gosline MC Conlrol 20-New-91 15
Gosline MC Conitrol 11-Dec-84 15
Gosing MC Control B-Jum B2 15
Gosiine MC Contral 21-Jul-92 15
Gosling MC Control 17-Aug-82| 15
Gosline MC Contral 23-56p-82 15
Gosine MC Contral 13-0ct-33| 3
Gosing MC Control 13-0ct-83 15
|Gosiine MC Conirol 15 Jun-84 T
Goghna MG Control 18-Aug-S4 10
Gashne MC Control 14.Sep-b4| 15
Gosiina MC Control 5-001-84] 10
Goslne MC Conkid B-Jul-egl 10
Gosine MC Controt 11-5ep-95 15
Gosline Oulsige 11-Jul-81 15
Gasline Dulsids 5-Aug-91 [E
Gosline Outside 10-Sep-21 15
Gosline Dutside 15-001-81 15
{Gosline Culsige 20-Nov-3 15
Gosine Quiside 11:Dec-081| [
Gosline Qutsige 12-May-62] 15|
Gosline Outsioe £ Jun-92| 'r§|
Gosling Outsios 21 -Juk92| 135
Gaoshne Oulsos 17-Aug-82) 43
Gosling Cutsige 23-3ep-62 [H
Gosine Cutside 13-00-84 3|
[Gashne Outsioe 130m-83 3
Gosiing Quisida 15-Jun-54 g
Gasline ODutside G- Jui-84 10
Gosline Ouisige 16-AUn-04| 10
Gosling Dutsite 14-Sep-94 15!
Goslineg Outside { 5-Ocr-Ba. 10/
Goshne Dutsige G- Jul-B5/ 10
Goshne Outside 1-Aug-G5] 75
{Goshine Dutside 11-560-85 15
|Gosline Insige Naturs! 2¢-Apr-92! 15|
{Gozhne Ingice Nawral | 14-0c1-92 20|
GCealing inslag Natural T2 AnrDd 20|
Gosling inside Natural 15+Jun-84 15|
iGostine Insige Natural Eduh84 )
Gosling insioe Natural 16-Aug-94 10
Goshne Insine Natural 54 5e0-04| 15
Goshne insige Naual 3-Oet-84 1
Goshine Inside Natrg! | £-Juk-85 0
Geshine Insde Natwrg! | 1-Aup-05 75
Seosline Inside Nature! 11-5ep-85 15
1Goshine SC Conrg) 15-dur-g4| 7.5
1Goeling SC Conuol E-Jul-94 10
1Goshing ST Contrg! | 16-Aug-0é 30
1Gasiine SC Control | 12-5ep-04 15
iGpeine SC Control 1 5-Ocnge | 10
(Goshne SC Conttol | E-Jui-05] 10
Gosine SC Coatral | 5 -Au-83] 15
|Sosine SC Contro! 11:-58p-85 15
|Gesineg Naea! Gomrol 12-Anr-94 20|
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Table 2. Composition of fishes collected with A.C. boat electrofishing @ Gosline Island OBR.
(number of fish/15min sampling).

ESDBCISS " 3ACE Control [ InSide Aotk | Insige Natural " Outside Rock | 5C CMWJ Towis
] Semzung ctior: ;min)l 408! 583 270l 488 130 1888
{Shortnose gar 0.08 0.22 | 0.08
Bowiin | 0.08 | 0.01
Amancan eel 0.04 | 0.06 | 0.02
Gizzard shad 14.82] 34.25 22.22 18.61 7.27 22,49
Goldeve 0.05 0.02
Mooneye 0.29 0.08 0.08:
Northern pike 0.06 0.0°
Goldlish 0.13 011 | 0.12 0 DA
Carp 3.05 506 6.67 3.87 7.96 477
Camp x'Goldlish hybrid D081 s 0.01
Golden shinat 0.05 0.06 0.02
Silver chub 0.33 0.05 0.06 0.28 0.17
Spotfin shiner 0.59 1.16 3.00 0.71 2.19 1.25
Hed shiner 015 017 Q.18 012 013
Emerald shiner 6.14 549 8.00 8.28 g 89 7.26
| Silverband shinet 0.03 | 0.01
River shiner 0.13 0.28 0.12 010
Sand shiner 0.08 0.02
Channel shiner 0.03 0.11 0.09 0.12 0.06
Shiner species 0.05| 0.02
Bullhead minnow 0.29 1.57 6.00 0.80 0.69) 1.67
Bigmouth buffalo 011 0.18 067 0 06! 0.23 0.21
Srmailmouth butfalo 1.14 261 3.22 0.71 2.88 i.91
Black buifaio 0.18 0.39 0.03 0.23 0.13
Quillback 0.08 0 06 012 0.04
River carpsucker 011 1.47 0.3z 0.28 254 0.78
|Shorthead redhorse 0.18 0.12 0.09
.Golden redhorse 0.03 0.0%(
[Chznne! catlish 2.65 430 0.94 4.61 4.50 3.56
'Flathead cathsh 0.66 0.28 0.06 2.67 2.31 1.08
Blacksinpe topminnow 008 0.17 0.05
[Mosauitelish £.18 0.83 0.17
'Brook silverside 0.04 0.08 0.11 0.06 0.08
White bass 1.14 0.58 0.50 043 1.73 0.73
Yellow bass 0.04 0.10 003 0.05
Black crapmie 022 42 6 44 D.0Y 0.92 1.30
'Whiie cragpie 0.04 0.35 4.08 0.03 0.12 0.71
tLargemouth bass 147 4.38 4,068 2.89 6.325 3.45
Smalimouth bass | 011 0.10 028 0.12 013
{Warmouth 0.12 0.01
{Green sunfish , 0.44 2.76 0.67 0.46 4.62 1 49
Bluegt!l | 378 14.14 18.33 575 9.69 10.03
Orangespolted sunfish | 0.8 1.08 0.21
Bluegill x Green suptish ‘hybnd 0.03] i i 0.03 0.23 0
Walleys 0.04 0.38 0.03 0.07
Sauger 0.75 0.23 0.28 0.23 016
River darter | 0.03 0.01
Slenderhead daner | [ 0.03 0.46 0.04
\Logperch | | 003! 0.01
Fantal' daner | 0.03! 0.01
Frashwater drum 15.18 11.00 8.28 62 7.77] 1193
Tolal 52.80 94.25 97.84 gz2.52 B342| 7691
No. species 25| 38 34 32| 27 48




Table 3. Composition of fishes collected with A.C. boat electrofishing @ Gosline Island OBR.
(total number collected)

Sﬁem&s E MCB Coniral | inside Rock ] inside Nawral | Dutside Roey ' SC Coniral Tolals

Sarphng effort (min), 408 583 270 488 130 1889
! |

Shornaaz gar ’ ) 3 4 7
Bowlin | 1
American s2! 1 2 3
G.zzard shad 403 1354 400 612 63 2832
Goldeye 2 2
Moorieye 8 3 11
Norhern pike 1 i
Goldhsh 5 2 1 8
Carp /3 200 120 129 69 601
Carp x Goldlish hybrid 1 ; =it 1
Golden shiner 2 i 3
Silver chub 9 2 1 9 21
Spotlin shiner 16 46 54 23 19 158
Red shiner 6 3 6 1 16
Emerald shiner 167 217 144 30z 84 814
Silverband shiner 1 1
River shiher 5 7 1 13
Sand shiner 3 3
Channel shiner 1 2 3 i 7
Shiner species [ 2 2] 2
'Bullhead minnow 8 62 108 26 & 210
{Bigmouth buflata 7 12 2 2 26
Smallmouth bulialo 31 103 58 23 25 240
Black bufialo 7 7 1 2 17
Quillback 3 1 1 5
River carpsutker 3 58 6 9 22 98
Shonhead redhorse 7 4 119
Golden reghorse 1 1
Channel catlish 72 170 17 150 38 448
(Flathead callish - 58 11 1 87 20 137
Blackslripe Iopminnow 3 3 6
Mosguitelish | 15 22
Brook silverside | 1 3 2 2 8
IWhite bass 31 23 ) 14 15 g2
Yellow bass | 1 4 1 6
[Black crappie & 56 116 3 8 189
IWhite crappie 1) 14 73 1 1] 90
|Largemouth bass 40 173 73 94 55{ 435
{Smalimouth bass 3 < 9 1| 17
[Warmouth 1 1
iGreen sunlish 12 109 12 15 40 188
Bluegill 303 559 330 187 B4 1263
Orangespoftad suniish 7 19 26
Blueqill x Green sunfish hybrid ) iy i i 1 2 4
[Walleye 1] 7 ]
|Sauger 4 9 51 2 20
River darter 1 | 1
Slenderhead dane: Y 4 5
Logperch i i
Fantail darter ] i 1
Freshwater drum 413 474 149 313 154 1503
Total 14302 37261 1763 2034 723| 9685
| No. species 25 38| 34 3z 27| 48
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Absgact: Since 1994. the L.S. Army Carps of Engineers (LISACL | has been conducting a
habitat eithancement program on Pool 25. Mississippi River to improve the auality and quantit:
of riverine-wetland habitat available to fish and waterfowl. Environmental Pool Management
(EPM) promotes mojst-sail plant growth by stabilizing waier levels during the growing season 10
prevent vegelation from boing inundated prior 10 becoring established. Although EPM i1s
similar to moist-soil management. this wetland management techingue has never been evaluated
in a large, regulated river. We used plant and invenebrute community response. as well as
waterfow] surveys and behavioral observations. to evaluate the wrility of copducting moist-soil
management in the Mississippi River to enhance habitat available 1o migrating waterfowl.
Following stabilized water levels 1 m below full pool for 60 days in 1999, we characierized 2
plant communiry dominaied by moist-soil plants. Polygonum, Echinochloa. and Cyperus
occurred in >75% of sample plats. Most plant taxa were relatively well-distributed across the
study area. Seed biomass production was esiimated at 2.484 kg/ha. A paired-plot experiment.
where vegetation growth was controlled in 1 plot, was conducted to quantify inverebrate
diversity and density response to the presence of vegetation. Invertebrate diversity was
sianificantly higher in vegetated plots than devegetated plots. Nekionic and benthic invertebrate
density responded inconsistently ameng study sites. Spring waterfowl surveyvs were dominated
by dabbling ducks (>94%), and most birds were observed in vegetated habitats (>98%). The
most common species were mallards (Anas planvrhvnchos) and northern pintails (4. acuta).
Behavioral observations indicated dabbling ducks using vegctlated habitat spent 25-37 % of their
diurnal time-activity budget feeding. Mallards spent the least ime feeding. 31%a. whereas
northern pintails spent the most time feeding, 45%. Based on short-term data. EPM has the same
effectiveness for producing vegetated habitats beneficial 1o migrating waterfowl in a larue.
regulated river that moist-soil management has in traditional shallow impoundments. Resulis are
based on one or two years of dara: therefore. addinonal research and monitoring are
recommended 1o ensurc 2oals of EPM continue Lo be met over a broader range of hydrologic
conditions. Finally. we suggest options for varying the implementation of EPM to improve long-
term performance. encompass @ more regional view. or consider a morc diverse aquatic
ecosystem.

INTRODUCTION

In 1994, the USACE and Missouri Department of Conservation (MDC) developed a
water level management plan to enhance {ish and wildlife habitat along the Upper Mississippi
River bv increasing wetland habitar quantity and quality white maintaining the navigation

channel. The plan. called Environmental Pool Management : EPM), attempied to increase the

production of aquatic macrophyvies in Pools 24. 25, and 26 by stabilizing water levels (0.2-1.0 m
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below full poo! 10 expose exiensive areas of mudflats during the growing season. Pool levels

were stabilized at lower levels >30 days to allow plant germination and growth then gradaally
(<6 crn/day ) restored to full pool ta prevent vegetation from being over-flooded. One specific
goal of EPM was to improve habitat for migratory waterbirds. particularly waterfowl.

While many habitat restoration and enhancement projects profess benefils 1o migratory
birds. few assessments of restoration include birds as a criterion. Evaluation studies assess the
success of projects in meeting specific yoals and provide information that may help fine-tune
projects. Waterfowl] can be a good indicator for evaluating restoration and enhancement projects
because there is generally some historic data available for both local und continental popu:lations
(foth and Anderson 1998). Additionally, the composition of a waterbird community can reflect
the abundance of food resources within a floodplain {Kingsford and Porter 1994). An increase in
aquatic vegetatson can provide direct benefits 10 waterfowl by producing foods Jike seeds and
wbers (Bellrose 1941) as well as indirect benefits by increasing aquatic macroinvertebrate
populations (Kadlee 1962, Harris and Marshall 1963, Voicts 1976. Murkin et al. 1982. Murkin
and Kadlec 1986).

Inventebraies are un essenual component of all aquatie sy stems. They serve as an
intermediate between primary producers and higher trophic levels and are an imporant food
source for numerous aquatic-related vertebrates (Harris e al. 1995), Health of aquatic
gcosystems i1s commonly gavecd by the nchness and abundance of invertebrates (Harms ot al,
1995. Rosenberg and Resh 1992). As the flucwating hydrograph of the historic river sysiem
stabilized followng daim construction there was Jikely a shifi in invericbruie taxa (Merriu and

Cummins 1996): therefore. as system structure begins Lo change again. it is plausible that anather

(0]
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assuciated shifi in taxa could occur. Although it is commoniy aceepied that aquatic
mucroinveniebrate populations are mfluenced hy the amount of vegetation in a wetland. veny little
1s reported on invertebrate-vegetation dynamics in riverine svstems with regulated flow,

Environmental Pool Management is based on sound wetland management principles:
however. these principles have rare]y been applied o pools of a large. regulated river. Initial
investigations estimated EPM generated 320-400 ha of emergent vegetation at 10-100 stems 'm-
on mudflats exposed in Pool 235 beiween 1994-1996 (Wlosinski et al. unpublished data). Seven
plant genera commonly recognized as waterfow! foods were the most common. However.
macrophyte species composition i an impoundment will change over lime (I'redrickson and
Tavlor 1982) resulting in fluctuations in types and amounts of direct and indirect benefits o
wildlife. Therefore. it is important to determine if EPM continues 1o crhance growth of
macrophyte species providing beneficial resources (0 migrating waterfowl. Furthermore. no
evaluation of the food resources resulting from LPM has been conducted. 1 imally. no Jata have
been collzscted (o evaluate if migraang waterfow] are responding to EPM. The goal of this study
was 1o evalaate the use of moist-soil management for improving habitat available 1o migrating
waterfowl on Poul 23. Mississipp River.
OBJECTIVES

]. Characterize the plant communin response 1o EPM and estimate seed biomass

production.

bt

. Quantiiy the aquatic macroinvertcbrate population response fo increased vegetation
produced by EPM

> Characterize the response of spring migrating wateriow] 1o habitat produced by 1. 1"M.

L]



STUDY AREA

The study was conducted in the lower reach of Pool 23. 2 32-mile sueich of the
Mississippi River between Lock and Dam 25 (river mile 241.4) and Lock and Dam 24 (rivey mile
273.4. Fig. 1). Normal pool level is maimained at 434 fi National Geodetic Vertical Datum
(NGV'D) at Lock and Dam 25 by the LSACE and mimimum water surface elevation is 429.7 fi
NGVD (Wlosinski 1996. Painck 1998). Poo) 235 contains a mosaic of habitats including
bottomland forest, backwater lake. side channel, backwater, and cropland (U.S. Army Corps of
Engineers 1996). Four hundred sixteen vertebrate species have been recorded in the floodplain
habitat of Poals 24-26 (Terpening et al. 1973).

Specific study sites were located in the backwater slough at Jim Crow Island, the
downstream, side-channel tip at Turner Island. and within the backwater lake of the Batchtown
State Fish and Waterfow) Managemen Area. hereafier referred to as Batchtown. FEarlier work
indicated water drawdowns resulted in increased macrophyte abundance at all 2 sites (Wlosinski
et al.. unpublished data). All study sites are hunted for waterfow! through conirolled drawing of
established hunting blind sites (LS. Army Corps of Encineers 1996).

METHODS
Plants

Community Response.--We charactenzed plant community response using 16 transects.
oriented perpendiculur to the shoreline. One transect was Jocated a1 lim Crow. 1 at Turner. and
the remainder were 1n Batchtown. Alone each transect, sample stations were located at

eicvations corresponding to 5. 20. 35, 50. and 73-cm below full ponl. At cach clevation. sample
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sites were ocated by eently tossing a 0.3-m" sampling frame on the ground. We recaorded
number of stems and percent cover for each species present inside the sampling frame. Samples
were collected during 24-25 July and 13 August 1999. begirunng approximately 3 weeks after
pool level reached murumum water surface elevation. Nomenclature for plant species followed
Mohlenbrock (1986).

We used frequency of occwrrence and percent cover 1o describe changes in comimunity
structure along the elevauon gradient (Daubenmire 1959). We used a Kyushal-Wallis
nonparametric analysis of variance (ANOV A\ to test for differences in percent cover related to
elevation. When the ANOV A indicated differences occurred. we used a nonparametric
Bonnferoni-tvpe multiple comparison with unequal sample sizes to dentify differences amony
means (Analytical Software 1996). Individual species of woody plants did not occur frequentlv
enough [or a species-specific analysis. However. becuuse woody -species encroachment al higher
elevations could be a concern Jor manageroent, we combined eastern cottonwood (Populus
deltoides). willow (Salix spp.). and silver maple (Acer saccliaringm) into a single “woody
species”™ category for analysis.

Seed Biomass.--We estimaled seed biomass of Polyeonum lapathifolium. Cyperus
erythrorhizos, Leptochloa panicoides, Leersia orvzoides. Echinochloa crusgalli. and E. muricate
at Jim Crow Island and Batcliown using techniques developed by Laubahn and Fredrickson
(1992). This technique uses regression equations [or these particular plant species or a groun of
2 or 5 species. which is the case for Echinochioa. 1o esumate seed biomass 1rom planf and seed
head dimensions. Samples were collected on 3. 10, and 11 September 1999, beamning

approximately 3 weeks afier normal pool elevation was resuimed and afier the dominant species
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could be differenniated and had set seed. Dawa were collected from 252 23x25-cm plots Jacated
randomly along transects oriented perpendicular 1o the shoreling. Number of stems and seed
heads were recorded for each plant species rooted within the sampling frame, A representative
plant for each species within the sampling column was chosen for measuring seed head and plam
dimensions. We mecasured the straightened height of the plant (m). height of the seed head (cm)
along the rachis from the lowest rachilla to the top of the struightened secd head. and base
diameter of the seed head (em) along the lowest seed producing rachilla (Laubahn and
Fredrickson 1992).

Iovertebrates

We conducted an experiment to {est if macroinvertebrate diversity and density was
attributable 10 increased macrophyte production associated with EPM. We cstablished 4 sets of
paired-plots on the study area, 1 set each at Jim Crow and Turner and 2 sets at Batchtown (Fig.
). Each plot was 400 m® and plots within each pair were spaced at least 10 m apart.

We collected nekionic and benthic samples during 3-4 October 1998 {rom 9 points within
each ploLal the Jim Crow and Turner sites. A drop in pool water level during 10-11 October
1998 (Fig. 2) and the onset of the 1998 waterfowl hunting scason precluded us from collzeting
samples at tnc 2 Batchtown locations. Nektonic samples were collected by passing a D-frame
sweep net 3 times through a vertical column of water. including the detritus layer overlaving the
sediment. contained by a 40-cm diameter stovepipe sampler. Followinu cuch sweep. the content:,
of the net were rinsed with water inta a LS. Siandard 30 mesh bucket sieve. Al) sweeps for |
sample locatuon were stored in 2 single plastic zipper-~lock freezer bag and preserved with 80%

ethy! aleohel unul processed i the lab. Onc beathic sample was collected at each sampling point



using 2 196.35-cm” core samplor (Swanson 1983 ). Benthic samples were rinsed and siorad by
the same methods as nektonic samples.

In sumumer 1999, one plot from each pair was randomly assigned to remain vegetated
(control) or to be devegetated (treatment). Treaumem plots and a 3-3 m builer around the piot
were treated with Rodeo®, a commercial. non-persisient, aquatic herbicide. beginning 2 wceks
afier soils were exposed. Plots and buffer areas were treated every 2 weeks until water level
returmed 1o full pool. By preventing vegetation establishment within the devegetated plots we
attempted to simulate subswate conditions prior ta EPM (i.¢. no management). Vegetated plots
represented current habitat conditions. Nektonie and benthic inverebrate samples were collected
at all 4 sites during 2 October 1999 following methods used during 1998.

In the lab. samples were stained with rose bengal for at leyst 24 howns 1o faeilitne
processing (Mason and Yevich 19567). Samples were drained of the alcohol. rinsed with water in
a U.S. Standard 30 mesh sieve, then sorted under a magnify.ng lamp. Identification unid
1axonomic classification of macroinvenebrates followed Pennak (1989) and Merrit 218
Cummins (1996). Annelids were dentified to class. Crustaccans to order or family. and
Molluscs and Insects 10 family. This taxonomic resolution is generally adequate ro determine
trophic functional group (Cummins [973) and the number of 1axa idemificd was a crude
indicalor of species diyersify

[nvertebrate diversity was calculated using the Shannon index of diversity (H ).
Differences in invertebrate diversity was calculated for site-speciiic plot comparisons using a
modifiec 1-iest (Zar 1996). For the Jim Crow and Turner sites. 3-1actor ANOVA was used 1o test

for a ditference in the mean density of all invertebrate taxa. including site. vear. and trearment as
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explanatory variables in the model. We iested for weaument effects at Jim Crow and Turner
separately using 2-facior ANOVA with year and treatment as explanatory vanables and the
interaction term as an indicator response by inveriebrates (o the treatment, Becausce data were
available for Batchtown only in 1999. these data were analyzed using a separaie ANOV'A that
included site and treatment as explanatory vanables. When ANOVA indicated dilierences
occurred. we used Least Significant Ditference multiple comparison to identifv differences
berween specific means. When necessary, data were log(x - 1) transformed 1o meet assumptions
of normality and stabilize vanance. We predicted ihat if EPM caused an increase in
macroinvertebrate diversity and density, devegetated plots would have significantly lower density
and diversity than vegerated plots during 1999,
Waterfowl

We counted waterfowl during the 1999 and 2000 spring migration by conducting weekly
ground swrvevs. All side channel and backwater ureas south of Hauvsgen Island (Fig. 1) were
surveved beginning the last week in February and ending after the first week in Apnil. Surveys
were conducted from the bow of a boat except the siough on lim Crow Island and the impoundcd
arcas of Tumer [sland. which were surveyed on foot. We recorded total mumber. species. and
habitat (whether waterfowl were in vezetlation or open waler) tor all species of ducks and geese
observed during each survey.

Far the 6 weck survey period. we report the number of waterfowl-use days for dabbling
ducks. diving ducks. and Canada geese (Brania canudensiv). Waterfowl-use day s were
calculated by multip)yine the mean waterfow] count of 2 conseeutive surveys by the number of

dayvs between surveys then summing all means over the 6 week surv oy period. To test for guild-



specific differences in walerfowl-usc dayvs between habitats. we used u twe-tailed Marn-Whitney
[ —test with Normal Approximation and Conuinuity Correction,

Using aerral survey datu provided by Iliinois Natural History Survey (INHS), we
compared waterfow! abundance during spring migrauon before vs. after implementation of EPM.
Three vears of data were available for spring migrauon before 1:PM (1992-04) and six vears of
data were used for post EPM (1993-2000). For each year. we summed all w aterfowl] recorded
during the INHS spring sorvey period that typically began in mid February and ended mid 1o late
April and tesied for differences pre- vs. post-EPM using single factor ANOV A. We performed
analyses on thu most common taxa separately (maltards, northem pintails, northern shoveler
[ 4nas clypeala)], and American green-winged weal (4. crecea carolinensis]) as well as all dabblers
combined, and mergansers. Because continental waterfow] populations also Nuctuated during
these vears. we included breeding Hopulation estimates for cach species or combinatan of
species as a covariate in each analysis. Conltinental population estimates were from survey strata
20-30 of the spring breeding population survey (L.S. Fish and Wildlife Service 2000). We used
estimales (rom the May following the spring surveys as this likely was the best estimate of
population size during spring migraunon.

W conducted behavioral cbservations to construet time-activity budgets of waterfow|
during spring migranon. Observauons were conducted between sunrise and sunset (Central
Standard Time) from duck blinds located throughout the study area using a 20-60x spotting
scope. Individuals were selected for observation by aiming the spotting scope at the center of u
flock and selecting the bird in the center of the field of view  Focal individuals were observed

ior 15-30 nunutes with behavior recorded at 10-sec intervals. 1f the original bird swam out of



view. before the end of the 30-min session. the observauon wus adjusted to the nearest neighbor
of the same species and sex as the fozal-indiy idual (Losito et al. 1989). Behavioral calegories
included: feeding. comfort (preenmy. drinking. wing flapping. head shaking). locomotion
(swimmuing, flving). agonistic (chasing. biting). courtshp (including copulation), loafing
(tnactive anc resting). and alert. All daia were dictated into a portable microcassette recorder

then sequentially transcribed to data sheets.

tailed Mann-Whitney [=est with Normal Approximation and Continuity Correction.
Differences in specific behaviors between specics was tested using Kruskal-Wallis
nonparametric ANOVA and a Bonnferoni-type nonparametric multiple comparison (Analytical
Software 1996). All data are presented as non-iranstormed means () S12) and results of
stanstical analyses were considered significant at P <0.05.
RESULTS
Plants

Communily ('omposition.—Fifieen genera of plants were recorded from all plots. Polvgonum.
Echinochloa. and Cyperus were the most common plant genera encountered. aoccwring in 93.2%,
79.5%. and 76.7% of plots. respectively (Table 1). Mean number of uenera per plot did not vary
with elevation (F, ., = 1.40. P = 0.744). Muun stem density (stems/m® ) was highest for Cyperus
and /'ofveonum (89.2 = 20.8 stems/m” and 41.4 = 3.8 stems/m". respecuively: [abie 2). Mean
stem density of woody species was 1.9 = (.3 stems/m’

Mean percent cover was independent of elevation for all plams except Polvupinnum und

Ipomea purpurea (F, = 2.6530. P =0.04] and F, ,, = 3.500. /"= 0.014. respecuvelv: Table 3).
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Percent cover of Polvgonm was signtiicantly lower at the 73-cm elevation than the 30-cm
clevation (Zev = 2.81. P < 0.03) but not at the ather elevations. Although mean percent cover oi
Ipomea purpurea was significantly related 10 elevation. post hoe muluple comparison revealed
no significant differences berween specified elevations (Zav= 2.81. P> 0.03). suggestng the
overall result was not very strong

Seed Biomass.--Seed biomass data was coflected for 5 moist-soi) plant groups (Table 4).
Estimated mean seed biomass for all lacations was 2.496 kg ha and was comprised mainly ol
Cyperus evythrorhizos (1.223 lig/ha) and Polvgonum lapathifolium (1.084 kg ha). Total seed
biomass production per ha was generally higher ai Batchiown than at Jim Crow. as were genera-
specific seed production: although Leptochloa panicoides had higher seed biomass production at
Jim Crow than at Baichtown (Tabie 4).
Invertebrates

Diversity.--Sixty-onc taxa were collecied from nektonic and benthic samples during this
study, 32in 1998 and 37 in 1999 (Appendix A). Fhe combination of species richness and
abundance resulted in an overall Shannon diversity index value of 4, “ = 1.79. Predators were
the dominant trophic group, represented by 31 different 1axa. followed by scavengers. 7 taxa:
shredders. 6 taxa: collectors and filterers, 3 taxa each; scrapers, 4 taxa; and parasites and borers.
I taxon each. Dunng 1998. 44 different 1axa were collected at Jim Crow and 39 different taxa
were collected at Turner (Table 5): diversity did not differ beiween plots at either site (7, 5,20 =
0.69. £ =0.494 and 1, .= 1.88. P = 0.062. respectively. Table 6).

Fallowing vegetation conwrul in 1999, 2] waxa were collected at Jim Crow. 1§ a1 Tumer.

22 at Baichiown West. and 26 at Baichtown East (Table 51 Ten taxz collected in 1998 were not

1


http:sr:it-.ci

collected 1n 1999 including 8 predator taxa and 2 collector taxa (Appendix A). Diversity of taxe
was higher 10 the vegetaied plots at Jim Crow (1- .5, =4.96. P < 0.001). Turner (. ., ,=4.49. P
<0.001). Batichiown West (1, , . = 6.74. P < 0.00)), and Baichtown Eust (7. 5, , = 3.12. P <
0.002. Table 6). Predators and scavengers were the trophic group found less often in the
devegetated plots.

Nektonic Macroimvertebrate Densiv.-- In 1998. prior 1o the devegetation experiment. mean
invertebrate density in all vegetared plots (7 = 4) was 11.0 = 1.2 individuals/m®. Densitv of
invertcbrates was higher at Tim Crow than Turner (F, ., =14.41. P < (.001). but inveriebrate
density in vegetated plots did nof differ from plots scheduled to be devepetated for either Jim
Crow (F, ,, = 0.03, P = 0.857) or Tumer (| = 1.11. P=0.307. Tahle 7). Oligochaeta was the
most common axa. 4.2 + 0.8 individuals/m-, followed by Physidae. 2.8 == (0.4 individuals/m’. and
Corixidae. 1.3 = 0.3 individualsim®,

Following vegetation control in 1999, mean invertebrate density in all vegetated plos (#
=4, including the 2 Batchtown sites) was 2.5 + 0.3 individuals/m-. lower than in 1998 (F, =
74.88. P <0.001). Invertebrate density in vegetated plots did not differ between Jum Crow and
Turner; however. inveriebrate density at Baichtown West was significantly lower than Jim Crou.
and invertebraie density at Baichtown East was significantly lower than all other sites (F, .. =
12.66. P < 0.001. Table 7). The mosit common taxa included oligochaetes. 0.6 = 0.1
individuals, ni°. corixids 0.3 + 0.1 individuals/m®. and Chironomidae. 0.4 = 0.1 individuals/m®

For Jim Crow and Turner. there was a significant site by vear by treatment interaction
(F|4:=21.89. P<0.00]. Fig. 3), indicating there was not & consisient response by aguatic

macroinvertebrates to vegetauon removal. At [urner. the vegetated plot had Ingher i ericbrate
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densinn than the devegetated plot (£, = 16.13, P =0.001). but inveriebraic densitv was higher in
the devegetated plot at lim Crow (5, ;, = 23.40. 7 <0.001. rig. 3). We detecied no difierence in
=365, P

invertebrale density berween treatment and contrel plots at e ther Batchtown West (F

=0.074) or Batchiown East (£, .= 2.45. P=(0.137. Fig. 3) in 1999.

bl

In an effort to undersiand the differences in inveriebrale response to presence of
vegetation, at each site we conducted taxon-specific analyses [or the most common invenebrarte
taxa collected; ohgochaetes, chironormids, and corixids. We did nut detect a treatment effect for
oligochaete or corixid density at either Tumer (F ., =3.57. P=0.068 and /© .= 1.34, P =0.256.
respectively) or Jim Crow (F,--=0.77. P=0.387 and F) .- -- 1.34, P =(.255, respectively).
Density for both 1axa did not differ significantly between plots at Batchtown West (F, .= 0.14, P
=0.715 and F, ;= 0.08, P=0.779. respectively), bot corixid density was higher in the \egctated
plot at Baichtown East (F| ,, = 7.21. P < 0.016) whercas oligochaete density was similar between
plots (/7 .= 2.65, P =0.123. Table 8). There was no detectable treatment cffect on chironomid
density at Turner (£, 5, = 3.19. P = 0.084), but at Jlim Crow chironomid density increased in the
devegeated plot (F,;, = 53.41. P < 0.001, Table 8) following vegetation removal. Chironomid
density was simiiar between plots at Baichtown West (£, = 2.65, P = 0.123). but higher in the
devegetated plot at Batchtown kast (F, ;. = 13.97. P = 0.002. Table 8).

Finallv. we removed chiroriomids. oligochaetes. and corixids from the model w lest for a
treatment effect on the remaining inveriebrate taxa and we deteeted no treatmen effect a [im
Crow (F, 4, = 0.40. P=0.231). but invertebrate density was lower in the devegetated plot at

Turner (F .. = 16.96, P <0.001, Table 8). Invertebraie density was greater in the vegetated plot



at Batchiown West (F, ,, = 20.62. P <0.001) but did not diflér berween plots at Batchiown East
(F,,s=021.P=0.656. Table 8).

Benthic Macroimvertebrate Densuy --In 1998, mean benthic inveniebrate density in atl
vegelated plots (n = 4) was 270.9 = 43,6 individuals/m”. In contrast to the nektonic samples.
density of invertebrates was higher at Turner than Jim Crow (F, . =25.53. £ < 0.001).
Invertebrate density in vegetated plots and plots assigned 1o be devegetated did not differ at either
Jim Crow {F |, =2.21. P=0.157) or Tumer (F, ;,=3.16. P = 0.094. Table 7). Oligochaeies
were most abundant (233.5 = 43.9 individuals/m®) faliowed by physids (9.6 = 1.5
individuals/m®).

Jn 1999, mean beathic invertebrate density for vegetated plows (17 = 4) including the
Batchiown sites was 72.7 = 12.7 individuals/m®. lower than in 1998 (F.,, =37.83, P = 0.001).
Unlike the site-specific variation in the nekionic sampies collected in 1999. banthic invertebrate
density in vegetated plots did not differ between the 4 sites (£ ., = 0.40. /' < (0.756, Table 7).
Abundant taxa included oligochaetes (63.3 = 2.5 individuals/ni’) and physids (3.4 = 1.]
individuals/m-),

Following the devegetation cxperiment there was a significani siie by year by wreatment
interaction {(F, . = 9.31. 7 <0.003. Fig. 4) for Jim Crow and lurner. suggesting there was not a
consistent treatment ¢ffect among sites, Benthic inveriebrate density did not differ between plots
at Tumer (F, . = 0.11. P =0.743), but was higher in the devegetated plot at im Crow (F |, =
11.49. P=0.004. Fiu. 4). Separate analyses showed densiiy dic not differ between plots at either

Baichtown West (£, ,, = 0.77. F=0.393) or Batchtown East (F, ,, = 0.97. P =(.538, Fiz. 4),



Similar to the nekionic samples. we conducied taxon-specific analyvses {or the most
coramon taxa. There was no detectable treatment effect far oligochaete or chironomid density m
Turner (F,.-=0.88. P=0334 and F .- = 1.78, P =0.192. respectively. Table 9). but density for
both taxa increased in the devegelaled plot Jim Crow (F,;,= 10.03. P=0.003 and F, . =6.33. P
=0.017, respecuvely. Table 9). Densin of oligochaetes and chironomids was similar between
plots at Batchtown East (F | =3.65. P=0.101 and F, ., = 1.23. P = 0.284, respectively),
whereas at Batchtown West densiry of oligochaetes did not differ between plots (£, = 0.64. P =
0.437). bat chironomid density was higher in the devegetaled plof (F, |, = 3.72. P = 0.050, Table
9). We did nol detect a treatment effect for physid density af either Jim Crow (F,..=4.08, P=
0.052) or Turner (F,,, = 0.58, P =0.453. Table 9) and density was similar betw een plots at both
Batchtown West (F, ;= 0.00. P = 1.000) and Bawchtown Fast (£, ,, = 0.02. P = 0.896, Table 9).
Finally, we removed these taxa from the model, but did not detect a significant treatment etiect
for the remaining taxa at both Jim Crow (F, .= 0.02. P=0.877) and Tumer (/.. =1.53, =
0.225). Benthic invertebrate density ot the remaining taxa did not differ between plots ai either
Baichtown West (£ |, = 0.02. 2 = 0.889) or Batchtown East (¥, 4= 2.99. 2 = 0.103. Table 9).
Waterfowl

Swrveys.--Lower Pool 23 supported 227.182 and 185,870 duck use-days and 1.244 anc 383
Canada goose use-days during the 6-week ground survey penod in spring 1999 and 2000,
respectively. Peak number of waterfowl surcved (16.277) in 1999 occurred on 7 March (Fig. 3
and was dominated by mallards (7.980) and northern pintails (7.800). Peak ( unada goose
numbers was highest on 27 February (227. Fig. 6). During 2000. peak number of waterfowl

(12.167) occurred on 4 March (Fig. 3) and was principally mallards (6.420). northeim pimtals
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(3.584). and Arerican green-winged teal (1.718). Peak number of Canada veese (21) occumed
on 31 March (Fig. 6). During both vears, swveyvs were dominated by dabblinz ducks (Table 101
Species-specific abundance is summarized in Appendix B. After controlling for continental
population size. we derected no difference in waterfow] abundance for avy species or species
group in the INHS aerial survey data (P's > 0.21, Table 11).

Dabhling ducks and Canada geese were more abundani in vegetated habitats (Z=3.32. P
<0.001 and Z=1.99. P = 0.046. respectively), while diving ducks were more common in open
water habitats (Z = 3.38. P < 0.001. Tahle 10). During spring 1999, 94.0% of all ducks counted
were in vegetlated habitats; during spring 2000. ducks in vegelated habitats made up 89.3% of &l!
ducks surveyed and were mainly dabbling ducks (99.2%). Dabbling ducks totaled 23.2% of all
ducks surveyed in open water in 2000.

Behavior.--During 2 spring seasons. we observed American green-winged teal for 28.2 h.
mallards for 35.2 h, and rorthem pintails for 37.2 h (Table 12). American green-winged leal
showed no annual differences in lime engaged in locomotion (Z =143, P =0.154). courtship (/
= (.20, P = 0.840). or comflori (Z=0.95. P=0.341). Foraging effort was less during 1999 than
2000 (Z=3.19. P =0.001). Conversely. more time was spent loufing in 1999 than in 2000 (Z =
236. P=0.019. Fig. 7). Female Amencan green-winged teal spent more time feeding than
males (Z=2.49. P = (.013). whereas males spent more time in comfon activities(Z=278. P =
0.005. Table 12). Males also spent more time engazed in locomotion (£ = 2.05. P =0.041) and
ageressive encounters (Z = 2.96. P = (.007). Neither mallards nor northern pimails differed in
time acuvity budgets between vears (Fig. 7). Proportion of time spent in each activity did not

differ between sexes for either species (Table 12).
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DISCUSSION
Plants

One of the goals of EPM was to increase the production of plant foods important for
migratory waterfowl. using moist-soil managemant. While moist-soil veaetation dvnamics are
well documented in seasonallv flooded. shallow impoundments (Fredrickson and Taylor 1982,
Merendino 1989. Lane and Jenszn 1999). this is one of the few quantitalive assessments (o
document that mojst-soil management has the same utihity in a large. regulated river. We
recorded 13 1axa of moist-soil plants. 10 more taxa than reported in a previous study (Wlosinski
et al. unpublished data), including 3 senera of woody plam species and common cockiebur
(Xanthium strumariwm). Unlike Wiosinski et al., we did not record Panicum or Scraria. Percent
occurrence was comparable between studies for most genera, except we encountered Polyzonum
twice as frequently (93.2%) and Amaranthus half as ofien (16.4%).

Species occurrence differences between our study and previous data ( Wlosinski et al.
unpublished dala) may be due 1o several factors. First, Wlosinski et al. report data collected in
Poaols 24-26. Thus. although /'aricum and Seraria occurred in 15 and 10% of their plots.
respectively. they may not have been present within samples collected in Pool 23, Sceond. study
sites withtn Pool 23 were not identical between studies. We did not sample vegetation at Stag
Island (as reported by Wlosinski et al.y. but sumpicd extensively (12 transects) throughout
Barchitown. Third. the difference in number of taxa reporied could be related o dewatering rate.
Drawdowns i both 1995 and 1996 commenced following a 3-day dewatering. whereas
drawdown conunenced after a 13-dayv dewatering in 1999 (Fig. §). Slower dewatering often

leads 1o greater diversity. especially in mid to late growing season (Fredrickson and Tavlor 1982,
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Lane and lensen 1999). Fourth. perenmial species commoniy increase in an impoundment when
it has heen under moist-soil management for more than 4 vears. The occurrence of woody
species in our sample mav indicate successional changes in the plant community since Wlosinski
et al, collected data i 1996. Lustly. we sampled more plots across a greater clevational range;
therefore. we had a greater probability of detecting refatively rars species

Trees and perennial herbaceous plants occurred thraughout the study area. 1t seems
unlikely that trees would becomc established at the lower elevations, however, these species may
survive at the higher sites, This is not necessarily detnmental because some herbaceous
perennials can produce a laroe abundance ol sceds readily cnnsumed by waterfowl (Fredvickson
and Taylor 1982) and leaf limer from trees can provide valuable nutrients for aquatic
macroinvertebrates, which are food for fish and waterfowwl. However. establishment of trees may
cause a decline in early succession annuals through shading. Furthermore. trees may increase
sediment deposition during hizh water flows. leading to increased sihauon rates.

We failed (o detect substantial dilferences in plant species compuosition with elevation in
the pool. Uniformity in plant distnbution may be a response 10 a fast dewatering event. Water
levels in the nool wem from full pool .0 73 cm below full pool in 13 days: however. A0 cm of
this drop occurred in 6 days (Fig. 8). Stands of similar vegetion are generally produced when
water 1s removed [rom an area in a few davs (Fredrickson and Taylor 1982. Lane and lensen
1999). We did find that Ipomea purpurcea. Napthium strumarium, and Amaranthus rudis
occurred more frequently at higher elevations (Table 1). but onty Ipomea purpurea is considercd
a dry soil species. In general. suils dried comsiderably following dewatering in 1999, Water

teveis stabilized 60 ¢m below wur lowest sample elevation in 1999, which pernnitted soils to dry



enough 10 support Bidens spp.. a maist-soil plant species that prefers drier soils. at our lowest
sampling elevation.

Another explanation for un:form plart distribution. for at least Polgonum. Echinochlo.
and Cyperus. is that we did not differentiate between species within these genera. Vegetauon
sampling occurred several weeks afier germination. a penod when identifving moisi-soil plant
species is difficult; therefore. a decision was made during data collection to idenufy plants
genus when speciation was not possible. Zonation may have occurred within a particular genus.
but our data does not allow us to make thar distinetion,

An assumption of EPM was that increased moist-soil vegetation would result in a higher
production of waterfow] food in the form of seeds. Data support this assumption: we estimated
seed production in lower Pool 25 was 2,496 ka/ha dunng 1999, While intensively managed
moist soil impoundments in the UMR can consistently produce 1.344 kg/ha of seeds (Reid et al,
1989). reporied seed biomass estimates have ranged from 364 ky ha in Louisiana (Davis et al.
1961) to 2,920 kg/ha in Missouri (Fredrickson and Taylor 1982}, Of the taxa we sampled,
Cyperus eryrhrorhizos had the hughest overall seed biomass (1.223 ku 'ha)y which was higher than
values reporied by other studies. Cvperus ervthrarhizos seed biomass wzs reported a1 670 kg 'ha
m the Illinois River Valley. (Low znd Bellrose 1944) and Ciperus seed biomass was reporied as
lugh as 900 ke/ha in southeast Missourt (Fredrickson and Taylor 1982): although. there was no
distincnion of 4 particular species. Our estimaie of seed biomass estimate for Polvconum
lapathifolium (1,084 kg/ha) was comparable 10 others (Low and Bellvose 1944, Fredrickson and

Taylor 1982). Echintchioa spp. seed biomass (106.7 ke 'ha) was considerably lower than
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estimates of 2.920 kg/ha reporicd for the Illinois River floodplain (Low and Bellrose 1944 or
1.530 kg/ha reponed for souiheast Missouri (Fredrickson and Tayior 1982).

We only estimated seed biomass and did not consider other edible plant parts. such as
wbers, Ciperus esculentus is not considered an important seed producer. investing more energy
in tuber production for reproduction (Kelley 1990). 1o fact. $5% of the belowground biomass of
chufa can be tubers which can contribute 360 kg/'ha of food (Kellev 1990), Whilc this value is
lower than some of our seed biomass estimates. a nicasure of tuber biomass produced by EPM
would halp provide a morc accurale calculation of waterfow!l carry ing capacity.

The availability of plant foods is an important determinant of habitat quality on areas
managed for migrating waterfowl (Bellrose and Crompton 1979). To provide a measure of the
functional value of the seed produced. we converted our seed biomauss estimates into waterfowl
use days using the fo]lowing equation from Reinecke et al. (19&9):

{[Sezd biomass (a/bu) - ME (kcal/g))l/DEL (keal/day) = waterfowl! use-day/ha;
where ME equals metabolizable enerey of the (ood for waterfow! and DEE cquals daily energy
expenditure for a duck (Table 13). Torexample. Ecinochlou has an ME value of 2.82 keal/g for
pintails (Table 15 Hoffman and Baokhout 1985), and the DEE for a pintail is 243 kel day
(Prince 1979). Thu:. the seed produced by Eciimochloa on one hectare of Pool 23 (107 kg/ha)
could support 1.242 PUD [(107.000 g’/ha ~ 2.82 keal/g)'243 heal/day]. Multiplving this estimate
by the estimated 320-400 ha of vegetation produced by EPM (Wiosinski et al. unpublished data)
indicates that £chinochlpa could support 207.440-496.800 PL'D. However. such calcwiaiions
over esimate carrving capacity because all seeds produced are not available (0 waterfow!  Some

seeds are eaten by other birds. seeds may fall into deep water wheve they are not available 10
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many species. drifi away during flow events. or lose energy value due 1 detenoravon {ollowing
inundation. Lchinochloa mass declines 43-57% after 90 days of inundation (Neely 1956). Even
assuming substantial loss of seed biomass 1o these sources. biomass available tn waterfowl was
substantial.
Invertebrates

We documented significant between vear differences in the aguatic macroinvertebrate
community. Both invertebrate diversity and abundance were higher at Jim Crow and Turner
during 1998 than 1999. Differences were nol a resull of the 1otal number of days between
reflooding and sampling. [n (act. sample sites were flooded S davs longer in 1999 than 1998.
Differences may have been caused by differences in hydroperiod between vears (I'ig. 9). During
1998. the otal number of days recorded below full pool was greater than 1999. but water level
spikes occurred on several occasions. icluding one event vy July when water levels exceeded
ful) pool. Anccdotal reports suggest most of the veaetation that had established prior 10 this peal
died (K. Dalrymple. Missouri Department of Consery ation. personal communication). This high
water event was followed by another period of drawdown and vegeration regrowth before water
levels rose 10 full pool, lo contrast, during 1999 water levels werc relatively stable for 34 days
during July and August. Aquatic macroinvertebrates vary considerably in their ability 10 survive
dn conditions (Wiggins et al. 1980). The more lrequent water level spikes in 1998 may have
allawed invertebraics stranded in isolated pools 1o survive the drawdown and replenished soil
moisture, thus increasing the lengtt of ume that drought resistant invertebrates were able 1o
survive in the soil (M. Whiles. Southern [llinois University at Carbondale. jor<onal

communication)  In contrast. the 34-day drawdown during the hottest smonths of the vear (July -
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August) in 1999 may have decreased the survivability of some w@xu. Alternatelv. primary
production (i.e. foad for invertehrates) may have been hicher in 1998 either due 10 1avorable soil
moisture Jevels caused by the “irrcation ¢vents” or the 2 germination events that occurred hefore
and afier the July high water eveni. Furthermore. the senescence of the first vegetative growth
may have contributed a supply of detritus biomass earlier during reflood in 1998. This dettus
input may have provided addinional structine and food resources o aquatic macroinvertebrates,
thereby allowing for a more rapid recclonization or quicker production,

Aquatic plant communities greatly influence invertebrate communities { Westlake 19735,
Voigts 1976, Korschgen 1989). An assumption behind EPM was that increased veaetation
would provide direct benefits 1o invenebrates in the form of food #nd cover (Atwood et al. 1996).
which waould benefi fish and birds thut feed on invertebrates. Presumably these benefits would
be measured as an increase in aquatic macroimnveriebrate diversity and abundance. Although
there was considerable annual variation in diversity and density. we found inveriebrate diversity
was higher in vcgetated vs. devegetated plots at all sites sampled in 1999 (Table 6). The number
of predator. shredder, and scavenger taxa scemed most mfluenced by the presence of vegetation.
Most of the predators we collecied in the vegetation are classified as climbers or clingers and
those in devegetated areas arc mostly swimmers (Merritt and Cummins 1996). Therefore.
aquatic macroinverfebrute predator diversiry appears to have increased when vegetation created
suitable habitats for these 1axa. Although trophic dynamice of invertiebrates in floodplain
systems has seen largely vastudied (Smock 1999): presumably. predator taxa was influenced by

prev base. However, at 3 of the 4 sites sampled in 1999. inm vriebrates were not more abundant in
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vegetared habital. How the maore aiverse predator community could contribute to our failure 1o
detect differences in invertebrate densiry berween vegetaled vs, devegetated plots is unclear.

[n contrast to diversity. the relationship berween invertebrawe density and vegemation was
inconsistent among our study sites. Our data sugeest that EPM docs not consistently result in
wcreased macroinvertebrate abundance for waterfowl and {ish during fall. Inverebrate
abundance is influenced by a variety of abjotic and biotic factors. We initially thought the
response by invertebrates to the presence of vegetation (signal) would be strong enough 1o
overcome variability in other explanatory factors (noise). However, it is apparent that
invertebrate community dynamics within Pool 23 are more complex and need further study
before any definitive conclusions are reached. Some taxa would likely not respond to vegetation
but rather components in the liter and soil. We did not guanufy the amount. depth. or type of
litter on the soil surfuce. therefore. wi cannot speculate whether differences in lifter occurred
between plots. Additionally. liter-dependent taxa may have been influenced by deunal inputs
associated with vegetation production occurring along plot periphery. and the results we obtained
were effected by the size of the treatment plots, Iinally. increases in predators (either fish or
invericbrate predators) may have decreased prey species abundance in vegetated areas.

The taxonomic resolution we chose for inveriebrate identification may have complicated
our unalyses for both nektonic und benthic samples, Wiubleski (1989) found chiranomid
dismbuiion in vecetuted versus devegetated areas was partiuoned by subfamilies. Chirapominae
were mote abundant in areas where aguatic macrophyies were removed than adjacent vegetated
areas: Onthocladiinae were more abundant in vegetated areas and | anypodinac demonstraied no

difference between habitats. Had we used a finer taxonomic resolution it is possible we might



have found raxa-specific responses, However. finer resolution would not have alwered our
conclusions about wverall inverichrate abundance as o (ood source for waterfowl.
Waterfowl

The goal of EPM to increase macrophyle abundance was, in part. an attempt 10 increase
the qualiny of river habitats for nugrating waterfow]. By increasing the quality of foraging areas
in Pool 23, waterfowl can more easily meet physiclogical and behavioral demands during
migration. such as building endogenous reserves and pair formation () redrickson and Drobney
1979) and:or provide those resources for a larger population. which can lead Lo increased
duckling recruitment on breeding areas. To meet nutritional demands during migration.
walerlow] feed on plant foods such as seeds and tubers that are high in carbohvdraies and more
easily converted to fat and invertebrates that provides ample protein tor individuals undergoing
molt (Ricklefs 1974, Anderson and Low 1976. Murkin and Kadlec 1986. Korschgen 1989, Reid
etal. 1989).

Qur ground survevs during spring migration rccorded >183.000 waterfow! use-das »
(Table 10), bot analysis of pre- \«. posi-I"PM aerial survey data did not detect increased
watcrfowl populations during spring in vears following implementation of EPM. This should not
be viewed as evidence that waterfowl have not benefitted from EPM. First. many faciors
influence spring population size at a specific site. including many thud act away frim the site of
interest. Second. spring’summer hvdroperod during 1992-2000 varied considerabls
Constraints imposed by river low meant that EPM was not implemented in a uniform manner
during all vears. Furthermorc. hy dropencd dunng one pre-EPM year (1992) may have permined

moist soil plant growth. which may explam the large waterfowl numbers surveyved during spning
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ol 1993 (Tabie 11). Given such strong interannual variability and limited years available for
comparison. 1t is not surprising we could not detect differences in waterfow! abundancz.

Because distribution of migratory birds is influcnced by many factors. abundance is not
always an adequate measure of habnat qualiry (Van Horne 1983). rather paramcters thai
charactenze the funcrional response of waterfowl may be more useful. On our study area. ~94"
of all waterfowl occurred in \cuvtated areas and >98% of these birds were dabbling ducks that
spent from 25-37% of their diurnal Ume foraging (Fig. 7). Although we do not have diel data.
the most common dabbling ducks in our surveys (mallard. pintail. and teal) feed extensively on
the seeds of plants recorded during plant surveys. Foraging ¢{fon was consistent with dala
collected at other spring migration areas (Gruenhagen 1987. Smietanski 1¥94). These data
suggest habitats created by EPM are providing quality habitat for waterfowl. However. it should
be noted that dabbling ducks require shallow water for foraging. and vegetated areas closel
correspond with shallow water arcas. Thus, we can not unarmbiguously relate behavior 1o
vegetation production. Behavioral data from shallow, open water habitats would considerably
strengthen the Jink between vegetation production and waterfowl] hehavior,
CONCLUSICNS AND RECOMMENDATIONS

Our dafa confirm that EPM has produced a community of early sucecssional. annual
mioist soil plants that has increased the produciion of seeds known 1o be mporiant waterfowl
foods. The presence of woody species at many sample locations suggests encroachment by
woody perennials in gher sites in Pool 25 may result if EPM continues. 1f prevention of iree
species establishment is desirable. the 1’'SACE may want wo consider not using EPM i ali veurs

in all pools. Interspersing years of full pool and EPM may reduce permination of sceds or Jower
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the survival of young trees. Our data do not indicate an increase in the aguatic macreinverebrate
food resource for waterfow! as a result of EPM. but additional research is necessary to confirm
this result. However. invertebrates has ¢ inherent value and invertebrate cominunities are
increasingly being used o evaluate the suceess of habitat restoration and enhancement and
ccosystem health (Rosenberg and Resh 1992, Merrirt ev al. 1999. O Mallev 1999). Our data
indicate invertebrate diversity was enhanced bv EPM. Furthermore. plant produoction in shallow
walter areas may have more than site-specific benefits {o the wvertebrate community. Course and
fine particulale organic matter created by decomposing veactation and flushed from shallow
waler, vegetated areas will contribute to the overall energy budget of the river. pmenually
benefitting pelagic invertebrate 1axa and specics that prev upon them.

We did not detect an overall merease in waterfow] abundance after EPM. However.
habitat selection by migratory birds like waterfow! is influenced by many biotic and abiotic
factors: thus. effons to establish a causal link between habitat management actions and
population size can be difficult. Because of this. estimates of food availability become a
surrogate and sometimes preferred measure of success. Based on this criteria. EPM substantially
increased the guuntinn of moist-soil seed produced in Pool 23 for waterfow),

As with any arlempt at habitat enhancement or restoration. long-term monitoring is
essential 1o ensure management goals continue to be met, Qur evaluation is based on | vear of
Jata fo: plants, and 2 years of daia for invertebrates and waterfowl. and therefore. may not reflect
periodic fluctuations in these particular communiues. Plant community composition will Jikely
change as sedimentauon slowly fills backwater areas. or if successional changes in community

composition occur Further invertebrate invesugations should be conducted that include
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additional study sites and more of the annual cvele, Our conclusions are based on fall
abundance: consequently. results may not be similar in spring or additional research may help
identifv mechanisms preventing invertebrate tuxa [rom increasing. Studies of inveriebrate
biomass or production may provide additional insight into EPM’s influence on the aquatic
macroinvertebrate community (Benke et al 1984). We documenied heavy use of vegetaled areas
by foraging ducks, additional research is needed to link this behavior specificully to vegetation
production. Spring 2001 represents a unique opportunity to learn about vegetahon-waterfowl
dynamics and EPM. Water levels remained mostly at full pool during the 2000 growing season
preventing plant establishment over large areas. Thus, unlike previous years. shallow water
habitats devoid of vegeration are avaiiable for study. Comparison of bird distribution and
behavior in 2001 with 1999 and 2000 could contribuie valuable data towards understanding
waterfow! response.

Finally. the USACT should investigate the feasability of varving the timing and duration
of EPM. While we recognize that implementation of EPM is constrained by hydrologic factors
largelv outside of USACE control. the long term benefits of EPM will be niaximized if EPM is
not implemented in the same way every year. Such options should include the possibilitn of not
implementing EPM in al) vears. 1{ Pools 24-26 can be munipulaied separately. these pools could
he managed as a wetland complex. with the goal of providing all habiats somewhere within the
complex each vear. without haying 10 provide them in eveny pool. Given the difficuln of
conuolling water levels. this mav be logistically muye feasible than trving 1o micromanage waier
Jevels in a single pool. Discussions should also consider the impacts of implementing EPM at

different elevations. Whan are the impacts of holding water a1 430 vs, 432 fi? How might a short
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duration nise in water levels affect plant growth. The answers to these questions will likely vary
depending on the wxa considered. If more fine wned water munagement 18 not feasible. we at
leust advocate continued investigations that take advamarze of the nawrally variable
hvdrodperiod. Such studies will provide critical information that can be used ta confirm patterns
identified in this study. provide a belter understanding of how this variability effects the Poal 23
svstem, and suggest ways 1o use EPM that continues (o benefit both waterfow! and other wetland
dependent taxa.
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Table 1. Peicent occwrrence ol plant laxa along an elevation gradienl (vm) velative to full pool (434.0 . NGVD), on transects (n = 1G)

oriented perpendicular o the shoreline, in Poal 25, Mississippi River. during summer 1999,

Clevation below full pool

Taxa 5 20 35 50 75 Overall

Palvgonn 100.0 94.0 94.0 100.0 75.0 91.2
Lchinochlion® R1.3 87.5 75.0 84.6 66.7 70.5
tvperns” 75.0 62.5 81.3 92.3 75.0 76.7
Rovippur islandica 313 3.3 37-3 01.5 133 184
Waoadv plan(s* 25.0 18.8 1R8 38.5 13 26.0)
Leptochlou panicoides 313 125 315 154 16.7 233
Lindernia cdhihiv 18.8 12.5 12.5 38.5 41.7 23.3
Leersia orvzoides 25.0 25.0 188 154 16.7 20.6
Amarantin ridis 37.5 12.5 12.5 154 0.0 10.4

Nunthiimn strumarinm 8.8 18.8 12.5 0.0 0.0) (1.0



Table 1. Cantinued.

Elevation below full poal

laxa S 20 35 50 75 Overull
Ipomen purpurea 25.0 63 0.0 0.0 0.0 6.0
Eragrostis lvpnoides 0.0 0.0 6.3 W7 8.3 4.1
Bideny spp. 6.3 6.3 0.0 0.0 8.3 4.1
) R .
b “Inclwdes Polygonn lupathifoliion and P. pennsylvanicum

“aclodes Eehinochloa crusgalli and £ mmvicata

‘Includes Cyperus eseulentus and C. erythrorhizos

Tnclodes Populus spp.. Acer spp.. and Sedix spp.



Tahle 2. Stem densily [y stems/m’® (SE)) of plant taxa along an elevation gradient {em) relative o full pool (434.0 [t. NGVD). on

transeets (1 =~ 16) oriented perpendicutar (o the shoreline in Pool 25, Mississippi River, ducing suinmer 1999,

Taxa

Polvgonuny®
lehinochtaon"
Cvperis’

Rorippa islandica
Wandy plants®
Leptochloa panicoides
Lindernic dhihia
Levrsia vrvzoides
Amaranthus rudis

Nanthoon styvumarinm

Clevalion below {u)) pool

19.3 (3.5)
25:5(12.3)
23.8 (6.1)
5.0 (3.0)
2.0 1.3
2.3 (1.0)
7.0 (3
2.8 (2.40)
2.8 (1.%)

1.3 (0.7)

20 35 50
35.0 (7.5) 45.0004)  84.9(23.9)
50.0 (13.0) 46.8 (14.0)  20.6 (7.8)
71.5 (40.8) 127.3(48.2)  158.8 (80.7)
2K (1LY 48 (2.8) 43 (1.2)
15 (1.0) 1.0 (0.6) 3.1 (1.4)
30.5 (30.0) 30 (1.3 34.5(32.2)
6.5 (4.8) 35 (2.9) 4.0 (2.0)
2.8 (1.6) 1.5 (0.9) 28 (2.0)
33 (3.0) 0.5 (0.3) 1.5 (1.2)
10 (0.0) 0.8 (0.5) 0.0 (0.0)

75

27.7 (7.2)
7.7 (2.9)
74.0 (31.3)
27 (.7
2.0 (0.9
21 (2.3)
14.0 (7.5)
13 (1.0)
0.0 (0.0)

0.0 (N.0)

Overall

41.4 (5.8)
34.0 (5.4)
89.2 (20.8)
19 (1.0
1.9 (0.5)
144 (R.7)
6.7 (1.9)
32 (0.7)
1.7 (0.7)

0.7 (0.2)



Table 2. Continued.

[Zlevation below full pool

Taxa S 20 35 50 75

Ipomea puyrpired 1.5 (0.7) 0.2 (0.3) 0.0 (00 0.0 (0.0) 0.0 (0.0)
Lragrostis hvymioiddey 0.0 (0,0) 0.0 (0.0) 1.5 (1.5) 0.6 (0.6) 1.0 (1.0)
Bidens spp. 0.3 (0.3) 03 (0.3) 0.0 (0.0) 0.0 (0.0) 0.3 (0.3)

Overall

0.4

0.6

(.2

(0.2)
(n.4)

(0.1)

Inctudes Polygonum lapathifolitnn and I, pennsylvanicum
"Includes Fehinochloa crusgalli and F muricata

Ducludes Cvperns escilentns and C. erytlvarhizos

Nncludes Populus spp., Acer spp.. and Salix spp.



Table 3. Percenl cover | x % (SL)| and results ol Kruskal-Wallis test (H) lor differences in percenl cover related to elevation, of plant
taxa along an clevation gradient (¢cm) refative lo full pool (434.0 fl. NGVD) in Pool 25, Mississippi River, during summer 1999.
Transects (1= 16) were ariented perpendicular to the shoreline, Kruskal- Wallis statistics were considered signilicant when /2 < 0.0§

and are identified with boldlace lype.

Flevation below [ull pool

Taxa 5 20 s 50 73 Overall H J

fpomet prrpured 44021 0.6 (0.6) 0.0 (0.0 0.0 (0.0) 0.0 (0.0) 1.1 (0.5) 1136 0.023
Polvgomum’ 15.0(9.5) 17.8(34) 23.8¢4.7) 2062(6.2) 8.8(2.1) 18.5(1.9) 10.99 0,027
Lehinochion” 22.8i6.5)  23.8(57) 188 (4.4)y 15.0(6.7) 6.2 (2.1) 18.0(2.5) 7.56 0.109
Cyperus” 122(3.5) 20.0(8.0) 222(6.6) 165159) 154¢7.2) 17.4(2.8) 2.20 0.698
Leptochioa panicoides 34017 6.3(5.6) 50¢(2.2) 8.5(64) 1.3(0.9)  4.9(1.8) 3.32 0.506
Rorippa islamdica 2.5¢1.%) 1.6 (0.6) 1.8 (0.6) 3.0(0.7) 1.7 (0.7) 2.1 (0.4) 3.40 0.494
Woads plants?® 0.90.5) 095  0.9(0.5) 1.9 (0.7) 23(0.7) 1.2 (0.2) 2.22 0.696
Lindernic dubie 2.8(1.8) 2.2(1.9) 1.6 (1.3) 1.9(0.7) 2.1(0.7) 2.1 (0.6) 4.69 0.220

Amercnthus rudiy 5.3 (2.4) [.6(1.3) 0.9 (0.7) 1.9(1.3) 0.0 (0.0) 2.1 (0.7 7.89 0.096



Table 3. Continued.

Edevation belaw full paol

[axa s 20 15 50 75 Overall
Leersia oryvzoides 1608  1.6(0.8) 09(0.5)  08(0.5) 0.8(0.6) 1.2(0.3) .92
Nunthivem strumarinn L9 1609  0.6(04) 0.0 (0.0) 0.0 (0.0) 0.9 (0.3) 5.17
Eragrastis hypnoides 0.0(0.0)  0.0(0.0) 1.9(1.9) 04(0.4) 04(0.4) 0.5(0.4) 247
Biclens spp. 0.3(03) 03(03) 000 000 08(08 03(02) 2.16
il
)

‘Includes Polvgonmm lapathifoling and I pennsytvanicun

“Includes Lchinochioa crusgedli and 1. nricale

‘Includes Cyperus esculentus and C. ervihrorhizos

“Incluces Populus spp.. Acer spp.. and Saliy spp.

’l

(.82

0.271

0.651

0.707



Or

Tahle d. Vstintated seed biomass (v + SF) produced by moist-soil plant groups measured al Baichtown, Jim Craw, and both locations combined in Puol 25.

Mississippi River, during stimmer 1999, Seed biomass estimates were calculated using regression cyuations' developed by Laubahn and Fredrickson (1992},

Balchtown Jim Crow Sites Combined

Taxa " ku/ha St n kg/ha SE n ke/ha Sk

Edhanen hindg® 212 114.3 21.0 20 18.5 185 252 1367 194
Leersia orvzonles” 232 12.1 4.8 20 0.0 0.0 252 1.1 A
Crperus ervilorfuzos® 232 1.263.8 133.0 20 T46.6 420.9 252 1.222.7 127.0
Leplachlon panicoides® 2132 3.6 2.6 20 820.2 2240 252 714 T
Podygomant lopothifolinm® 232 [.145.4 659 20 293.0 82.5 252 1,083 7 62.9
Total 2.542.2 1.878.3 2.495.6

Varubles iy regression eyiations THE= pland beighi (g, HEADS = number of seed heads in sample hame, L = height ol epresentalive sced head fem): 1D = diameter of iepresentanve seed
ezl (enn)
MOLE N 3 TSSO ONOR s x ((HTEADSY N (r(HIL2Y ()N
(3818 LIFANS)
TELOR2AT X VTEADSY 0 (2 38RA6 8 T - (3 H0TA X (1)
(1032 % 100y O OnZOR s (CITADSY R (1 2 x( 1D

TG TIEADS)



Table 5, Number of invertebrate taxa per rrophic euild collected from nelaonic and benthic samples i him Crow
TIstand (JC ' and Tumer Island (TURN] during October 1998 and lim Crow Island, Turner 1sland. Balchiown Wes;
(BTW). and Batchtown East (BTE) during October 1999 in Pool 2. Mississippi River. Nzmatoda.
Ceratopogonidae, and Chirunomidac are vepresenied in both Predator and Collector sinids. however. they were

counted only once for column toral number of taxa collected.

1998 1999
IC TURN Total IC TURN BTW BTE Total

Guild

Predator 24 23 30 Q Y 13 12 16

Collector 6 8 6 3 3 A 3 3

Eilrerer 2 I 2 ) I 3 2

Scraper 4 3 4 2 | ] 3 3

Shredder b 4 6 3 0 2 2 3

Parasite 0 { 0 0 ! 0 :_a I

Scavenger g 3 6 4 4 3 2 i

Borer ] ! ] | | 0 I |
Total 44 3Q S5 i 18 = 24 4]

44



Table 6. Number of taxa per trophic guild, total number ol taxa, Shannon diversity index (/1 ). and proportion of maxintum diversity (/ )" of inver lebrates
collected fram nekilonic amd benthic samples. in vegetated (Veg) and devegetated plots (Deveg), at Jim Crow Island and Turner Island during Oclober 1998 and
Jin Crow Island, Turner Istand, and 2 sites a1 Batchiown (BT West and BT Last), Poal 25, Mississippi River, Oclober 1999, During 1998, vegetation was
present in deveoctated plots. bul were contenlled for vegelation growth during 1999, Nemateda, Ceratoporonidae, and Chironomidae are represented in both

Predator and ollector euilds, however . they are considered onlv once for total number of taxa collecled.

1998 1999
Jim Cronv Tuiner i Croww Turner RT West Bl Fast
Veg Deveg Veg  Deveg Vep  Devey Veg Deveg Veg  Deveg Veg  Deveg
Cinidd
I'veddator 18 ] 20 17 G S 8 i N 5 9 ?
¢ ollector ty 4 § 2 3 3 3 2 3 3 ! 1
Fillerer 5 I I I | U 0 I 3 B/ n il
Seraper il 3 3 3 2 - i | | | 7 4
Shredder i 4 3 : 2 | 0 () 3 0 2 ]
Parsisile 4] {) 0 1} ) 1} 0 | ( () 0 ()
Scavenge Z 3 4 d b I ! I 2 0 A I

o er | ) | (! 1 fl I th §] { t i



Table 6. Continued

1998 1999
Jim Crow Turner Jim Crow Tumer BT Wesl BT IFast
Veg Deveg Veg Deveg Vep  Deveg Vey  Devey Veg  Devey Vea  Deveg
Nu, Taxa
Nekionie 35 2| 34 27 20 10 16 8 18 6 20 I
RBenthic 7 5 7 6 4 4 4 3 b 5 6 ‘
Fatal 5 3l 34 ey 19 10 16 b i8 9 19 I
i " I 39 |36 1.40 1 33 I 16 087 1.0 0.70 1.08 062 .12 naj3
J’ N 73 0.76 0.78 0.74 (1 Gs 0.52 0.59 0.40 0.61 0135 0.62 0.52

it el 156 7 L

niax

L wherc /1

e (maximum diversity) = 1.78



Table 7. Mean density [individuals/im’ (SE)] and Least Significant Difference multiple comparisan ¥ of inveriebrates collceled from nektonic and beuthic

samples. in vepciated (Veg) and devegetated plols (Deveg), at Jim Crow Island and Turner Island during Octaber 1998 and Jim Crow Islang, Turner Jslawd, and ?

siles at Ratehiown (B West and BT Fast), Pool 25 Mississippi River during October 1949,

Yenar

1003

Neldonie

Beathic

1990

bt

Neklonio

[*embic

Tim Crow

Veg

14.0 () 8)A

1.4 (9.5

A0 (0 MA

a6 (2.20A

Deveg®

141 (20)A

21 7 (.11

17,0 (3.4)A

4V L0 DA

Turner

6.2 (1,4)3

30.2 (6.6}

30 (0AAB

1R.8 (R.I)A

8.7 (20)B

100 9 (25.0)A

1.2(0.301B

JAR (2 )AB

BT Weslt

Veg

23098

1.6 (2.9A

Deveg

(.9 (0.5)B3

214 (4.8)8

"Comparisons are befween similar ploi calegories within a sample type, means with same Jeiter are similac: P 003

" During 1998, vegefation wir piesent in devegetited plots bul vegelation growlh was controlled during 1999

BT Fasl
Veg Deveg
O.7(0 0 120 nB
1 7.2 (d.6YA D6 (2.6)D



Table & Mean densily (individuals/m® + | SE) of select invertebrate taxa collected in nektonic samiples in vegetited (Veg) and devegetated (Deveg) plots af sites

lacated in Mool 2§, Mississippi River during October 1998 and 1999, Standard Crror is listed in parentheses below density, Significantly higher miean density (/*

= 0,05) than the comparison plotat the same site is noled in boldface type.

Jim Crow

Faxon Vey
Dligachaeta 47
(1.2
Clinonmnmdae 0.
(0.19*
Conxidae 07
(0 3)
Remaining Taxa 4.6
(1)

* Denofus values- D01,

' Devegetated plots in 1998 had vegetation present but were controlled Tor vegetation growth in 1999,

1698 1999
Tumer Jim Crow Turner BT Wesl
Devep? Veg Devey Veg Devey Veg Deveg Ves  Devee
7.0 1.9 2.5 0.8 4.2 0.8 0.3 0.9 0.6
(1.%) (1.8) (2.4) (0 2) (1.9) (0.2) (0.1) (0.5) (0.2)
01 0.7 0.3 1.0 8.9 0.4 0.R 0.1 0.2
(0, 1" 03 (0,0 0.2y (1.6) 0.2) (0.3 Ou Wi
1.5 |9 1.0 0.5 34 1.3 0.2 0.1 0.l
(0.5) (0.7) (0.1) (n4a) {1.6) (023 (0.1 (0.1 (0N
1.} |4 2.5 ) A 0.3 0.5 01 1.4 n.*
(0.2) W3 (07 n.8)  (0.1) 0.1y (0.1)* (04) (0.

31" Iast

Vey

0.1
(0.1y*

0
.1y

0.3
(n.m

0.2
(1)

Devey

0.6
(0.3)

0.3
(0.1)*

01
(O 1y
0
(0.1y*



ot

[able O Density { v individuals/in® 4 | SE) of selecl invertebrate taxa collected in benthic sumples in vegetated (Veg) and devegetated (Devee) plots al sites

lncaled 1 Pool 25, Mississippi River during October 1998 and 1999. Srandard Ervor is lisicd in parentheses below density. Significantly higher mean density (/2

20,05 than the comparison plol al the same site is noted in boldface 1ype.

1998 1999
Jim Crow Turner Jim Crow Mirner 131" West P Tast

1 axon Veg Nevey' Veg Deveg Veg Deveg Vee Deveg Vey  Deveg Veu  Dever

Dligachaela 1527 07,3 267 S 496.6 40.2 192.3 8K.2 36.6 554 96.1 6O 19.8
(456) (41.6) (37.8)  (129.5) (8.5)  (30.%) 419 (120 (15.2) (212 3) (27 (5.1

C hironomidae 23 0on 6.2 87 62 124 4.5 13,9 n.6 6.8 .0 [ frd
(1.5) () (3R (2.2) (2.9) (3.3) (29) (2.9 (0.6)  (28) 06y (0§)

Physidae 153 §.5 85 6.2 1.1 4.0 1.6 17 0.6 0.6 112 136
(7 22 (3 1) (2.4} (1.7) (1.4) {(01.6) (12 (0.0) (1.7) (v 1) (57

Remaining laxa 4.0 2% 28 4.5 0.1 0.6 0.1+ 0.1* 2.3 1.6 56 1.7
(2.2) (1.2) (1.2) (1.8) (0.1)* (0 6) 0.1y (0. (0.9) (.8 (1.8 (54)

* Denotes values < 0,01,

* Deveaelated plots iy 1998 had v eactation present bul were controlled for vezetation arowth in 1999



Table 10. Waierfowl-use davs and their relative distribution (%) between veeetated and open
water habitats for guilds of walerfow! (dabblers. divers. geese) surveved weekly (1 — 6) in the

lower reach of Poo) 23. Mississippi River. during late February through early April 1999 and

2000,
Year
Guild I{abitat 1999 2000
Dabbler Vegeiation 213226 (98) 166,340 (99)
Water 4.045 (2) 1.902 (1)
Total 217.271 168.442
Diver Vegetation 479 (5) 31 (1)
Water 9.433 (95) 2.1231(99)
Total 9.912 2756
Geese Vegetation 986 (79) 266 (69)
Water 258 (21) 119 (31)
Total 1.244 385
Al Guilds Vegeiation 214.691 (94) 166.837 (97)
Walter 15.736 (6) 4746 (3)
Toral 228.427 171.583

47



3P

fable 11, Pre and post Environmental Pool Management annuval spring waterfowl aerial survey data for Baichtown ool and Turner Island collecied

by 1linois Nataral History Survey

Year I'PMm MALL*  NOIM AGWT  GADW NSHO LESC CMER DARBS" PIVISS TOTAL?
1002 pre S0 0 0 0 0 1,178 0 540 1,175 1,715
1093 je 12.150 2,700 0 1,000 0 1.000 3,840 16,850 2.650 19.500
1994 pre 2.0 0 1,700 0 100 2.700 1,620 4.240 2,900 7,140
Juus post 13.470 0 0 0 100 0 1,300 13.670 0 13,670
1996 posl (1S 50 50 0 i 300 <0 815 500 1318
1997 pos 97( 50 70 300 74 550 00 1,465 ®20 RS
1m0 pust 3.015 Lo20 100 210 610 0 140 410 0 A
1999 post 20910 25400 200) n 255 300 0 47.2653 300 47,565
200 post 11,120 4.500 1.800 200 770 4.500 160 18,790 4.600 23.290

"Waler (ow| species codes are: MALT  mallard, NOPI = northem pintail, AGWT = American ereen-wingel leal: GADW = gadwall, NSHO = northern
shoveler, LESC = lesser scaup, CMER = conmmon merganser; DARBS = all dabbling duck species: DIVES = all diving duck species (naot including mereansers);
FOTAL = all waterfowl species,

Mnclndes dasn fior some dabbling dock specics ngl presented in this table

“Includes data lin some diving Juck species net presented in thns table,

TOTAL = (DABBS ¢« DIVESY, therclure TOTAL inddudes data for some watetfow! species not presented in (his table,

48
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Table 12 Diwrnal behavior [Mean % (SE)| and tolal hours observed of femalc and male Americitn green-winged tcal (AGWT),

mallards (MALT ). and northern pintails (NOPI) in moist-sail vegetated habitals in lower Pool 25, Mississippi River. during spring

1999 and spring 2000. Significantly higher proportion (/> <0.05) lor belween sex comparisons within species is noted in boldface

fype.

Behavior
[Feed
| vafl
Comlort
| .ocomotion
AREressinn
Courtship

[ Tours Observed

* Denoles values <1 ().

AGWT MAI L NOJI

[ m r m T m
59 (7) 37.(6) 27 (6) 33 (4) 52 (7 40 (5
22 () 29 (6) 47 (6) 43 (4) 29 (6) 31 (4
S (?) 10 (2) 8 () 9 (1) S (1) It (2)
1 (3) 1% (2) 14 (3) () 9 (2) 13 (2)
¥ (1%) 2(1%) L¥ (1#) ¥ (1%) I+ (1) |* (1%)
1 (1) 2(1) | (1%) ZYER | (1) 2 1y
1.5 16.7 18.4 36.8 12.8 24 .4




Table 13. Lsumated seed biomass (ko'ha) of selected morst-soil plants. metabolizable energy
(ML kcal/g) of mallards and pintails (Hoffinan and Bookhout 1983). total melaholizable energy
(ToME kcal ‘ha) available 1o mallards and pmtails. and calculated waterfowl-use davs (WD)

produced via EPM in Pool 23. Mississippt River. during sumimer 1999.

Species Sced biamass ME ToME* Wi D"
Jolyveonum lapathifolium 1.084
Mallard 1.08 1.170.720 4.037
Pintail® | 1.355.000 3.576
Echinochlod' 107
Mallard 2.86 306.020 1.053
Pintail 2.82 301.740 1.242
Leersiu orzoides 11
Mallard 3.00 33,000 114
Pintail 282 31.020 128

© ToME = (Seed Biomass x ME)

Y WUD = (ToME)/Daily energv expenditure (DEL) of waterfow] (Remeke et al 1989)

DEE = 290 kcal/day (Privice 1979 Haffrman and Bookhout 198%)

" DEE = 243 kcal:day (Prince 1979, Hoffman and Bookbout 1983)

‘Includes Echinochloa crusgalll and E muricatu

50



Figure 1. Map of lower Pool 25. Mississippi River. Study sites for inveriebrate sampiing were
located at Jim Crow Island. Turner Island. and 2 sites (Batchtown West and Batchiown bast)

located within the Batchtown State Fish and Waterfowl Management Area.
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Figure 2. Water levels recorded at Lock and Dam 25 between 15 September - 15 October 1998,
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Figure 3. Invertebrate density (x = | SE) in vegetated and devegerated plots from nektonic
samples collected at Jim Crow and Turner during 1998 and Jim Crow. Tumer. Batchiown West
(BT West), and Batchtown East (BTEast), during 1999. During 1998. vegeiation was preseit in

devegetated plots but \ cgetation growth was controlled during 1999.
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Figure 4. Invenebrate density (x = 1 SE) in vegetated and devegetated plots from benthic
samples collected at lim Crow and Turner during 1998 and JIim Crow. [urner. Baichtown West
(BTWest), and Batchtown East (BTEast). during 1999. During 1998, vegetation was present in

devegetated plois but vegetation growth was controlled during 1999
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Figure 5. Weekly number of ducks surveyed in lower Pool 235, Mississippi River between 27

February - 2 April 1999 and 23 'ebruary - 31 March 2000
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Figure 6. Weekly number of Canada geese surveyed in lower Pool 25. Mississippi River

between 27 February - 2 Apri) 1999 and 23 February - 31 March 2000.
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Figure 7. Diurnal time-activity budgets of spring migrating American green-winged teal
(AGWT). mallards (MALL}, and rorthern pintails (NOP!). using vegetaied habiats in lower

Pool 25. Mississippy River. late February - early April 1999 and 2000.
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Figure 8. Daily water levels recorded at Lock and Dam 25, Mississippi River during (A) 1 May -

] September 1993. (B) 1996. and (C) 1997.
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Figure 9. Daily water levels recorded at Lock und Dam 25, Mississippi River, during (A) 1 May -

| Scptember 1998 and (B) 1999.
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Appendix A. Densily of ivertebraic taxa (0 individuals/in’y, number of macrainvertebrate taxa, Shannon index of diversity (4 7Y, and proportion of maxiniumn
diversity (1 )" of inverlebrates collected in nektonic and benthic samples Mrom vegetated (V) and devegetated (D) plots at Jiy Crow Island, Turer [sland, and
Batchtown, Paol 25, Mississippi River during Octuber 1998 and 1999, Ja 1998, devegelated plots had vegelation present, hut were coruolled o vegelation
orowth during 1999; no samples were collecled at PY East and BT West durine 1998, Trophic status of invericbrate 1axa 1s represented in parentheses after taxon

listing. Sc = scraper. IFi = (iherer. Sh = shredder. Pr— predator. Co = callecior. $v -~ scavenger. I’a = parasite. Bo — borer.

Jin Craw Tumer NT Wesl Bl [-asi
Nektonic Benthic Nektunic Benthic Nektonic Benthic Nektonic Benthic
Jaxan Year \Y }] v n Y D v D A% D v D Y B \Y 1)
" —_— T C— e =
Gastropuda
Lynmnaeidae (Sc) (V0| I ¢ I 00 13 ni 02 06 00
999 o 01* 0H 0.0 0.0 00 0.0 00 0.0 0.0 (0 0.0 aa*r 0rr |
Phy cidae (8c) e 4.7 34 153 B85 04 2.6 85 02
R 03 03 [ I A ¥ 0 o 06 1.7 00 00 0.6 006 iy ol I3 {36
Pl hidie (S¢) 98 02 07 neG nao 1% 0.1 00 0D
9o 00 0.0 0.0 0.0 00 00 0.0 0N 0.0 4o a0 00 o ol 45 170
Puteey sl
Dreisseniiddae (11) 1908 on  on oo 0.0 00D 0.0 0o on

[0 ng o 00 on 0o 0o 00 0.0 0.0 00 0.0 N6 5.1 fth 0* Ny nn
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Appendis A Conlinued.

Taxon

"l.‘|i'|.) ]\ntL‘I

Sphaeriidae (177)

Linionidae (T1)

Nenvivioda (Sl

Anncluda

Ohgocliieta (Co)

Hirndinea 1Sv)

1998
[ 069G
1098
DI
1998

(49¢

1998
1999
[QUE

a0y

Iim Crow Turner BT West T East
Nektonic Benthic Nel.tonic Benthic Nekionic Benlhic Neklome Beuthic
Vv b} Vv D V n V n 1 v () Y D Y 1
0.0 0.0 0.0 0.0
.0 0.0 no o 00 0.0 00 00 N1+
0on (2.0 0o 00 0.0 0.0 0.0 (.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.n 0.0 0.0 0.0 0.0 ou 0.0 0.0 0.6
0.1* 0.1* 00 06 00 0.1* 1.7 2.8
0.0 0.0 00 0.0 00 0.0 0.0 0.0 Qi 0.0 b 0.0 0.1 00 00 0n
4.7 149 1527 @75 1.8 24 267.5 496.6
ng 42 401 192, 07 0.3 882 566 09 0 SS4 0 96,1 {1 {6 696 1Y.8
T L ¢ W 0.0 (1.0
3 Y T a0 0.0 01" 0.0 o0 0.0



Appendix A. Continued,

Jim Crow Tumer BT West BT Fasl
Nekionic Benthic Nektonic Benthic Nektonic Benihic Nekfmic Benthic
[axon Year \! D V D V D V D v (] \ B % B] Y B}
Crustacea
Cladocera (1'1) 1998 1.8 0.1 0.3 1.1
1999 0.1* 0.0 0.0 0.1*% 12 00 1 00
Ostracoda (Sv) 1998 (.6 0.1 2300 0J 0.2 no 1.7
% 1999 o1 00 00 0.0 0.1 u.1* 0o 0o 0'* 0.0 NG 0.0 0.1% 0.0 0.0 00
Copepoda (1°0) 1908 Q1% 0.0 0.0
1999 0.0 0.0 o0 0n £ 0 Sl [ S )
Atgnlidae (Pa) 1998 0.0 0.0 0.0 00
{904 0o 0.0 oo 01F no 0.0 0o o 0.0
[sopnda
Aselidae (Sv) (998 O 0.0 R I VN 010l 06 00
1999 0% 0.1 00 0.0 0.0 0o 00 0.0 0.0 0.0 0.0 0.0 0.1 o o 00
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Appendix A. Continued

I'axon

Amphipoda

Ciammaridae (Sv)

Falitridae (Sv)

Decapuoda

Cambaridae (Sv)

Palaemonidae (Sv)

Year

1998
1999
1008

1990

1998

1999

1998

1969

vV

I' Casl

Jim Crow Turmer BT Wesi B
Nektanic Benthie Nektonic Fenthie Nektonice Benlhic Neklonic

B} Vv D \ Vv L v v Ly v (]
DA* 04 o.1* 040
0o on nit 00 0.0 00 O.1% o
0o o 0.0 00
0.0 0.0 0o oo 0.0 00 00 00
oAr 01* L0 IR I
hi* 0.0 01* DO 0.1* 0.0 0.0 0o
0.0 0.0 0.0 00
on 00 01 00 o0 0on 0.0  nn
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Appendiy A, Continued.

Jim Crow Turer Bt Wesl 3T Fasi
Nektonic Nektonic Benthic Nektonic Benthic Nektonic Benthic
Juxon Year V 1 v D Y% D V (b} Vv D Vv b Vv (b}
Inseeia
I'pliemeroplera
Bacliscidae (Clu) 1908 0,17 0.0 0.0 00
1999 nog 0.0 0o 0o o.n 0.0 0.0 0.0
Odonala
Aeshnidae (1'r) 1998  D.0" nO 00 00
999  n0O 0.0 00 00 0N 0n 0.0 0.0
Caenagriomdae (I'r) 108 00 0. 01t 02
19949 0.0 0.0 00 00 0on 00 0.0 0.0
Cordolegasiridae (') 1908 - 0.0 0.0 0.0  0.1°
1999 o0 0.0 ot 0.0 00 0.0 00 0.0
Gomphidae (Pr) 1908 0.0 0.0 nn o an
1999 0.0 0.0 an 0.0 o1t on 0.0 00



Appendiz Ao Continuer|

Faxon

Odonala

Lestidae (1)

1ibeHulidae (Pr)

Coleapiern

vtiscidae (1°)

Gy imidae (Pr)

Fdiplidae (Sh)

Jim Crow Turne BT West BT Fasl
Nekionic lBenthic Nekionic Benthic Nceklonic Benthic Nekionic Renthic

Year % D Vv D v D Vv D v D vV D vV (B} v (B

1998  (LI1* 01 0.0 0.0

1999 on on 0.0 0.4) 0.1% 00 01 00

1008 0.1 01 no 0.0

1994 0.1 DI 0.0 0.0 0.0 J.1* 01t 0.0

1908 0.0 0D 00 0.0

[R¥T T~ S O T ) 0.0 00 G0 0.0 0.0 00

1008 oY 00 0.1+ 0.0*

993 060 00 (R N 00 00 00 00

1998 0.0 0.1+ ot 0.0

RS TS T5 S § 0 O § Y I 0.0 0.0 00 0.0 0% 00
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Appendix A, Continued.

Taxon

Coleopiers

Hydiophilidae (90)

Nuteridae (Pr)

Stiphylinidazs (Pr)

I lemipiera

Belostomatidac (Pr}

Corxidag (I'r)

1998

[999

1998

1949

1998

1999

1998

1999

1998

[400

Iim Crow Turner T Wesl N7 liast
Nekionic Benthic Nektonic Benthic Nekionic Benthic Nektonie Benthice
B} \ D v Y D V (D] vV 13 v [B] N
¥ 0S 1 00 0.3 04 Il G
11 (13 | 0.0 0.3 0.1* X3 0.0 N1+ 0u on (.0 o1y 0o 0.0
0oy o oo 00 0%
0o no 00 00 0.4 (V4] 0.0 .0
ngo o o0 01* 01
ne o 00 no o 00 0o nao an 0.0
% B 0r- 01
00 00 on o0 00 0.0 00 on
07 15 12 1.0
(.5 14 13 02 01 0.1 0.3 0l

0.0



Ly

Appendix A Continued.

l'axon

llemiplera

Cerridae (Pr)

Ly dvometrickie (Pr)

LIy dioptilidae (S¢)

Hehridae (M)

Macrovelhidae (Pry

Navcondie (1)

109R

1949

1598

1999

1998

19949

(DD

(D]

1008

190N

1998

Nektonic 3enthic
Y D \Y D
LU0 I
0.0 040
oo 0
00 00
o1 00
o0 0
no o1t
0.0 0.0
(U8 B I
a0 00
(O3 LI N
oo on

19049

iy Crow

Turmer
Nekilonic
v D
0.0 0.0
00 0.0
o4t 00
a0 0.0
0.0 0.0
no o o0
01 o0
0o 00
0. 02
a0 00
0.0 00
00 00

BT West

Benthic Nektonic Benllli_cP
v D V_- D :_ (B

no o 00

0.0 0

tu o 0.0

00 0.0

no 00

00 a0

BT Last

Neklonte Benlhic

0.n 0.0

0.0

0.1*

00

n.0

01

0.0

0.0 0.0

00 00
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Appendix A, Continued

Taxon Yem

I Tenmiptera

Natemectidae (1) 0GR
1999

Saldidae (P'r) 19938
1999

[Humaptera (Sh) 1098
19949

I.epidoptera

Aurctiidae (Shy 1998
1099
Cossitlae (30) 1998

10Q0

Neklonic

v

0.0
0.0
0
0+
0,

Oir

(I
0.0
.t

it

hiny Crow Turner B1 Wesl BT Fasl
Benthic Neklonic Benthic Nektonic Benthic Nektonic Benthic

n V D Y D vV D V D Y D \Y 1) V D

01" 00 0.0

on 00 00 o 0 0o o on

0O.4* 0y 0l*

0.0 0.1% 0.0 0.1* 040 0o 00

£l Q¥ 0.0F

0.0 0.0 .0 0.1¢ 0.0 0.0 0.0

0.0 0.0 0.0

a0 0.0 on 00 (3.0 (§R¢] 0.0

0. 0.1 0u

nao o 0.0 00 00 01* 0o
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Appendiv A Contined.

Jim Crow l'urner BT West BT East
Nektonic Benthic Nektonic Benthic Nektonic Bemhic MNektomic Benthic
L axun Year v D v D A D v D v (Rl
1 epidoptera
Nuoctnidae (Sh) s 0.0 0.0 00O 0.0
1999 0.0* 0n o 00 0o 0.0 oo 00
Neutoplera
Sisviidae (Pr) 998 0.1% 0.0 o1* 0.0
1999 0 0.0 0.0 00 0.0 00 a0 0.6
e hapler
Ciryllidae (Sh) 1098 00  01¥ 0.0 00
e g0 00 00 0o a0 o0 (U9 B
Dipiera
Cevatopouanidae (P/Co) 1998 O 1% DIy 0.0 L0t on 0.0 Q0
(99 0 1% 0o 0.0 e 0o 0 0.0 0o  0.1v 0.0 0.0 0.6 0.0 01* 06 o
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Appendix A Continued

Jim Crow Turner BT Wesl BT Lasl
Nektonic Benthic Nektonic Benthice Nektonic Benthic Nektonic Benthiv
Taxon Year v b} Vv (] Vv (R} v D Vv D vV b} vV D \ b}
PYipiers
Chironomidue (Co ™) [wog 02 0.l 2.3 0.0 07 03 6.0 5.7
[ Oy .o 89 6.7 12.4 044 D& 4.5 o 01 02 0.6 @3 01 N3 0.6 1.7
Grilicidae { Ca) RPN O1% 00 0.1 0.0
1999 on on 0.0 0.0 0o 0.0 0.0 0o
Dolichepedidie (I'r) 1yps 0.0 00 0o  0.1°
g9 o 00 0.0 0.0 04 0o no 0.0
Fanpidudie (M) 1vog N0 001 0.1 0.1
1999 0.0 00 0.0 00 0o 00 o un
Sciomy zidae (1) mos 0l 00 0.0 on
199 no o an 00 00 Wi+ 00 a0
Strativmyidae (Ca) 1998 0.1Y 0o 0. 0.0
1999 aon  on 00 00 o 00 ap 0o
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Appendix At ontinued.

Jim Crow Turner BT West BT Fasl
Nektonie Benthic Nektonie Benthic Nektonic Benthic Nekionic Benthic
Taxon Yea Vv 0 v D v D v D v D v D v D Y D
Diptera
I abanidae (') 1998 00 0.0 0.1% 0.0
1009 00 00 0.1% 0.0 0.0 00 0.0 0.0
Tipulidae (Sh) 1908 0.0 00 00 0I1*
1999 00 0,0 0.0 0.0 00 0.0 0.0 0o
I Tymenaplera
Scehionudae (M) 9oy o0 Ou 0.1% 0.0
thew a0 00 00 0.0 on 0.0 0.0 0.0
I Ivdracacina (1I'r) 1908 0.0 00 0.0 0.0
1999 ng 0 n.o 0.0 no  nid vo oo 0N



Appendis A, Continued.

Jim Crow Turner Bl Wesl BT Easl
Nektonic Renthic Nekionic Benthic Nektonic Benthic Nektonic Beuthic
Taxon Year v () Vv (b Az D Vv () A% D Vv D v D Vv 1
Arachnida
Araneidae (Pr) 1908 nis 0.1+ 01+ 0a*
|94 (I N VN 0.1* 0.0 Dar 0.0 D0 00
Ly eosudae (I'r) 1998 o1t 0.1t 01 0.1
3 1999 0¥ ou 0.1% 0.0 0.1 0.0 0.1 0.0
Pisauridae (Pr) 1998 (8 B | 4 01" 0.1*
19499 oo 0.0 0.0 0.0 0.0 on o1t 0.0
Tutal Densily o8 149 14,1 1753 1086 6.2 8.7 286.2 513.5
15490 39 17.0 486 2092 31 1.2 936 70.1 22 09 588 1092 07 1.2 87.7 537
No o s 1098 RE T 7 3 34 27 7 b
1009 20 1 4 | In R 4 3 18 (s 6 5 20 11 [

* Denates values .01



Appendix B Combmed totgl of spring migrating waterfow| counted during six weekly waterfow| survevs of

vegetated and open water habitats in lower Pool 25, Mississippt River during fate Fub - early Apr 1009 and 2000

Species Vegeateg  Open Water Veouvialed  Open Water Total

Branto canudensis 218 31 23 74
Anas plarvwhynchos 18.378 13,058 111 15,169
Anas acuta 16.420 5.682 2 3.684
Anags americang n 100 2 142
Anas strepera 65 1,220 I 1234
Anoy crecoo 160 3747 123 3,872
snas clypeata 40 .011 33 1,046
Anas discors 47 3 319 3 334
Anos rubripes 25 0 0 0
Aix sponsa 7 19 2 21
Mergus merganser O 100 (t 100
Laphadvies cucullatu: { 6 3 9
Avihyva americana 20 i 200 200
Avthya colloris 15 ) 1.429 |.429
Avthya vahsmeria 36 0 201 201
Avthye affints a 0 87 82~
Bucephale albeulu 0 0 I i
Bucephala clangula 0 0 e 6
Oxyura jamaicensis { 0 3 47
Tota) 315661 S 034 2§22
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Introduction

Water levels in Pool 23, Mississippi River. are currenily managed at a micpool control
point located near Mosier Landing at river mile 260.3 by the U.S. Army Corps of Engineers
(USACE). St. Louis Distnet. To maintain a 2.7-m navigation channel, water levels are managed
between 434 - 437 ft at Mosier Landing and from 429.7 - 434 fi at Lock and Dam 25 over a
specific range of discharges. During a moderate flood pulse, the pool becomes “tilted” when
gates are lifted 10 maintain water levels at the midpool control point: tilting can result in the
dewatering of backwaters in lower reaches of pools (Sparks 1995). When discharge exceeds
values manageable through operation of Lock and Dam 25 (ofien 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 elcvation of 429.7 a1 Lock and Dam 25. This
elevation, also referred to as “maximurm drawdown.™ is the maximum drop in water level that will
still allow navigation in a 2.7-m channel (Wlosinski and Hill 1993). 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 Moster Landing 1o fall below 437.0 feet. Herein,
“drawdown” is synonymous with the maximum drawdown which generally follows spring
floods.

Resource agencies recogrize the need to work in conjunction with the USACE 10 improve
hydrologic conditions for biota within the constraints of a multi-use system (Woltemade 1997).
Given the real estate requirement that the St. Louis District operates under, the L&D has no
conirol over the uming of the drawdown during open river conditions. However. there is some
flexibility in how water levels are managed dunng the return of the river to the target pool
elevation. Since 1994. the ume peniod conducive to water-leve] management has ranged from
approximately 38 1o 37 days during the summer months.

The operational goz! of Environmental Pool Management (EPM) is 1o maintain relatively

Jow, stable water ievels following drawdown in the spring in order to better simulate the nawral
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hydrograph (Figure }). When unplementing EPM. water levels are heid (.3 1 2.9 feet below the
target pool elevayon at the lock and dam for at least 30 davs (Arwood et al. 1996). Under some
creumstances (e.g., high discharges). water levels may descend to elevations greater than 2.0 feel
below the target pool elevation due to management of the pool with & midpool control point.
Environmemal Pool Management prolongs the dry phase during the growing season for
nonpersisient wetland vegetation. The EPM-induced vegetatior. is primarily found in backwaters
located in the lower reach of 1he pool. The St. Louis District implemented EPM in 1994 on
Pools 24, 25, and 26. Investgations of mudflats exposed via EPM showed lush production of
nonpersisient wetland vegetarion consisting mainly of millet, chufa. and smartweeds (Atwood et
al. 1996).

Many ecological benefirs are expected from EPM. On a large scale. the management
regime could provide system-wide benefits by consolidating substraies and re-establishing
wetland biogeochemical processes. The Mississippi River is a major migratory route for
waterfow!l, and moist-s0il plants provide food sources directly through seed and rwber production
and indirectly by increasing invertebrate abundance (Fredrickson and Taylor 1982). Benefits to
fish are expected. as at least 84 fish species in the [Upper Mississippt River (UMR) reportedly
utilize aquatic plants for reproduction, nursery habitat. cover, as feeding grounds, or some
combination of these uses (Janecek 1988).

Very few studies have been conducied 10 evaluate the snccesses and/or shoricomings of
EPM. The response of plants has received most of the aftention from researchers (Atwood et al.
1996: J.H. Wlosinski. U.S. Geological Surves ). but daa also exist for fish. Wlosinski and
Atwood (1999) analyzed seine data taken in multiple habitat tvpes fom 1986 to 1996 in Pools
24, 23, and Melvin Price Pool. and concluded that maintaining lower water levels during the
summer did not negatively impact small. nearshore fishes. During fall 1997, fish were scined in
vegetated and adjacent nonvegetated areas in Pools 24. 25, and 26 to examine fish use of EPM-
induced vegetation; this study wndicated the vegetation was providing habitat for small furase {isi.

narticularly the emeraid shiner. Notropis arherinowdes (Heidinger et al. |998).



Las

'n conjuncton with the SJUC Cooperative Wildlife Research Laboratory, our main
objective was 10 provide relevant data on ecosyst2m responses 1o EPM that could be used 1o
evaluate the management plan and provide & basis for recomuaendations. The specific objectives
were 1) 10 evaluate fish use of EPM-induced vegetation versus adjacent. non-\'¢getated areas of
similar depth and velociry, 2) 1o monitor the effects of vegetation on water quality and

zooplankton. and 3) 1o determine if residual vegetauon could be providing fish habitat in spring.

Materials and Methods

Fish, Water Quality, and Zooplankton Response to Flooded Vegetation in Fall:

Studv Sites - Reconnaissance indicated most, if not all. vegetation produced via EPM was locaied
in the lower impounded reach; therefore. all sampling was conducted in the Jower portion of Pool
25. In the fall of 1998, four study sites were chosen based on evidence (presence of emergent
vegetaticn) the area was affected by EPM (Figure 2) (Table 1). Two sites (Batchtown West and
Batchtown East) were sampled in the extensive, shallow backwater complex located in the
Baichtown State Fish and Walerfowl Management Area, Calhoun County, Tliinois. Historically,
most of the EPM-induced vegeration in Pool 25 has heen found in the Ratchiown area.
Batchtown West was located in the northern end of a shallow. expansive bay characterized by
soft substrates, and was more vulnerable than the other sites to wind-induced wave action.
Batchtown East was situated near ‘he limestone bluffs of the Ilinois river bank. In addition 1o
Batchiown, rejatively small acreagss of vegetation were procuced on islands near the main
channel. Study sites were established on the downst-cam tip of Turner Island and within a semi-
isolated slough on Jim Crow Island. Two 400 m” plots (one vegetated and one o be
expenmentally devegerated) were delincated art all four sites. The devezetated plot was intended

to simulate conditions in shallow lirtoral habitats without the presence of vegetation and
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provided an area of similar depth and water velocity 1o the vegetated area from which samples

couid be taken.

Fish Sampling in Experimental Plots - Due 10 a delayed project start date and onset of the
waterfow] hunting season, experimentai devegetauon was not possible in 1998. Fish samples.
however, were taken within the established plots (plots that waould be either vegetated or
devegetated in the following vear) and sites to evaluate the study design and determine if our
collecting techniques were effective in the emergent vegetation. During October 3-4 and October
14, 1998. fish were sampled within the vegetation at each site with a 3.66-m seine having a mesh
size of 6.4 mm. A toual of 8-10 seine hauls were made in each plot (Table 2). We constructed
twelve popnets (2 modified design from Dewcy et al. (1989)) heving a I-m’ buoyant frame of
polvvinyl chloride pipe (3.18 ¢cm diameter). an open bottom anchored on two sides with sieel
conduit pipe. and a mesh size of 4.7 mm. Popnets were placed collapsed on the substrate for 3-4
hr and then remotely triggered 10 collect fishin a )-m” column of water extending from the
bottomn to the water’s surface. Three samples were collected in veoetated and “devegetated”
plots at Jim Crow and Turner [sland on 3-4 Ociober 1998 (Tab'e 2).

On 7 July 1999 all plots to be devegetated were cleared of woody debnis and residual
vegetation remaining from the previous year. One plot at each site was treated with Rodeo®
herbicide on 13 July. 24 July, and 13 August 1999 with a backpack spraver. Devegetated plots
were completely devoid of vegetation prior 10 reflood. Our goal was 1o achieve devegetated plot
sizes of 400 m”. but we sprayed an additional 5 meters around the perimeter 10 minimize an edge
bias during fall sampling. Plots at Tumer Isiand. Batchtown East. and Batchiown West were
devegelated out to the adjacent open water area so that water quality parameters (e.2.. turbidity )
would better reflect the absence of vegetation.

In Fall 1999. following refiood. fish were sampled at each site and plot on five sampling
trips from 28 August 10 14 Ociober. Sampling was conducted at each site on multiple dates o
minimize bias in caprures due 10 ume-of-day and chance events (e.¢.. a windy dayv) and 10

encompass variation in fish distribuijon and abundance that mav occur over ime o the fall. Fish
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were sampled with a 3.66-m seine and \-r:” popnets corsiructed with netting of  smaller mesh
(1.6-mm; than used in the previous vear. W¢ used a smaller mesh size because very small 0s:
present in the vegetated habiats in 1998 were observed o escape through the larger mesh. Two
seine hauls. each 10 m long. were made in devegetated plots (total area sampled = 72.2 m ). and
five kicksets were made in vegetated plots (total area sampled = 72.2 m:]. The use of a series of
stationary kicksets was the best method for sampling with a seine in the dense emergent
vegetation. Kicksets were accomplished by holding the deployed seine stanonary while one
person “kicked" vigorously into the seine starting 4 m away,

Two seine hauls, each 10 m long, were also made at the natural deeper edge of the
vegetation at Batchtown East and Batchtown West during five sampling rips. The seine was
pulled paralle] with the vegetated edge with one brail approximately one meter within the
vegetation. Seine samples were 1aken in the deep portion of the devegetated plot on three
sampling trips. These samples were kept separate from fish collected directly within the plots.

Specimens were fixed in 10% formalin in the field. They were identified in the laboratory
and total length (TL) measured on at least 30 individuals of each species per sample. With the
exception of the western mosquitofish. Gambusia affinis, individuals were classified as adults or
voung-of-the-vear (YOY) based on towl lengths reported in Becker (1983) and Pflieger (1997).
Voucher specimens will be catalogued in the SIUC Fluid Vertebrate Collection.

Water Qualitv Samphing in Expenmental Plots - Point-in-time measurements of major water

guality variables (dissolved oxygen (DO). temperature, pH. conductivity, and turbiditv) and
water depth were made in each plot on each sampling wip in 1999 between 0830 and (600 hr.
Waler quality. including depth, was measured at two stations to characterize the range of
conditions in each plot. Dissolyed oxygen level (accuracy = + 0.2 mg/L) and temperarure
(accuracy = = 0.2 °C) were measured with 2 Yellow Springs Instrument YSI Model 93 digiwal
meter. Dissolved oxvgen and temperature were measured at approximately 3 cm below the
water’s surface and 5 cm above the substrate if water depth exceeded 30 cm. A Hanna

Lnstoments pHep®Z pocket-sized meter was used to measure pH (= 0,1 pH). Dissolved ion



concentration was measured with a Y'SI Mode! 33 conductivity meter. Conductiviry and pH
were measured at approxunately 3 cm below the water's surface. A 10-m! waler samplc was
taken in each plort, and turbidity determined in the laboratory with 2 Cheminix Type-12
rbidimeter A wooden meter suck was used 10 measure water depth.

Zooplankion Sampling in Experimental Plots - Venically integraied zooplankton samples were

taken in miplicate from each plot using a modified littoral sampling tube (Pennak 1962). Samples
were filtered through a Wisconsin-sty'e plankion net that had a collection bucket lined with 80
pum Nitex® mesh. Samples were rinsed in the field with 90% ethanol and preserved in 3%
buffered formalin. Laboratory analysis of these samples has not been completed.

Boat Electrofishing in Lower Pool 25 - Boat Electrofishing (one pilot, one dip netter) was
conducted in lower Pool 25 on 13-14 Ociober 1998. Electrical Current was supplied by a 3-
phase 5 KW generator producing 240 volts AC. Fish were netted with a dipnet having a mesh
size of 6.4 mm. Due to lack of sufficient water depth, sampling was limited to deeper water
located adjacent to the experimental plots at the four study sites. Electrofishing was conducted
at an additional site within Batchtown and on the river and backwater side of a rock revetment
located on the upstream end of Stag Island. Creation of the rock revetment was a result of the
Stag Island Habitat Rehabilitation and Enhancement Project (1998). Electrofishing effort was 30
min for all sites except for Stag Island, where effort was 15 min each for the river and backwater
side of the revetment. On 21 October, 1999, boat electrofishing, as previously described, was
conducied for 2 1otal of | hr along the edge of the vegetation within the large bay in Batchtown
near Batchiown West. Boat electrofishing was not possible directly within experirental plots
because the water was too shallow.

Data Analvsis - A randomized block experimental design was used 10 test the null hypotheses
that mean total number of fish, number of species, Shannon diversity index, and water quality
were equal among wreatments (vegetated plot and devegetated plot). Treatments were
interspersed at four sites (N = 4). Two-way analysis of variance (ANOV A) tests. with Plot as

the treatment varable and Site as the block variable. were used 10 test the null hypotheses thar
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total number of fish and water quality were equal between vegetated and devegetated plots. Darta
collected over multiple davs were averaged prior (o apalvsis. Values of total number of fish and
water qualitv were log,q - transformed to satisfv asswnptions of parameiric tests. Mean number
of species. Shannon diversity index (H’). and mean abundance of common species were compared
between plots using the Mann-Whimey U - Test. Shannon diversity index was calculated using
the following formula:

H'=-Zp;Inp;
where p; is the proportional abundance of the ith species (//N). The widely used Shannon
diversity index 15 a nichness dominaled index moderately sensinve 10 sample size and usually falls
berween 1.5 and 3.5 (Magurran 1988). Fish communty similarity was examined between
sampling gears and experimental plots with Spearman’s rank correlauon coefficient (1) which
uses relative abundance values to compare species ranks between two sets of samples. This
correlation coefficient is highly sensitive to sample size (number of species) and may perform
better in low-diversity communities (Krebs 1989). To avoid inflating the chance of finding a
significant correlauon due to a preponderance of rare species, species represented by < 10
individuals total were considered “rare™ and excluded from most analyses. In all statistical ests,

significance was indicated by an alpha < 0.05.

Fish Use of Residual Vegetation in Spring 1999

Researchers suspect that residual vegetation produced during the previous fall will benefit
fish by providing spawning and nursery habilat (Atwooc et al, 1996): however, no data exist 10
substantiate this claim. Residual vegetation was present in established plois at Batchtown East,
Batchtown West. Tumer. and Jim Crow io spring of 1999. Fish. zooplankton. and water quality
samples were taken in the plots from 8 June 10 20 June. Baichtown East and Batchtown West
were each sampled on two 1rips. and Turner and Jim Crow were sampled on three occasions.
rive seine hauls, were made in each plot with a 3.66-1a setne (1.6 mm mesh) 1o collect YOY and

hittoral fish. Fish were fixed in 10% formalin and identified in the laboratory. Water qualiry and



zooplankion samples were taken as previously deseribed. Fish collections are also reported from

three sites in lower Pool 23 that did not have residual vegetauor present

Miscellaneous Fish Collections

Fish collections were made at various sites in lower Pool 23, including the slough on Jim
Crow lsland. in the summer of 1999. Fish were sampled with a 3.66-m seine having a mesh size
of 1.66 mm, Fish were fixed in 10% formalin and identified in the laboratory. Collections will be

catalogued in the STUC Fluid Vertebrate Collection

Results

Fish, Water Quality, and Zooplankton Responses to Flooded Vegetation in Fall 1999:

The suminer hydrologic regume of 1999 exposed mudflats in lower Pool 25 for an
extended period of 1ime and was very successful in producing annual vegeation. panticularly
smartweed (Polygonum pensylvanicum and P. lapathifolium), Natsedge (Cvperus), and millet
(Echinochloa) (Table 3). These nonpersisient plant species are tvpical of poorly drained.
seasonally flooded basins (Eggers et al. 1997). The seeds are utilized by migrating warterfow}
(Fredrickson and Taylor 1982) and song birds (Egéers etal. 1997). and reportedly provide late-
season cover for fish and invenebrates (Janecek 1988). Following reflood. smartweed was the
primary plant tvpe persisting in the plots. Maximum drawdown was reached on approximately
29 June. and water levels generally remained below 430 f until reflooding began 12 August

(Figure 3).

Fish Sampling in Experimental Plots - Popnets and seining caprured eighieen fish species
encompassing seven families (Table 4). The family' Cvprinidae (minnows) was represented by
ten species, including fwo exorics. the common carp and grass carp, Collections were dominated

numerically by the channel shiner, western mosquitofish. and spotfin shiner which collectively



comorised 82% of all fish collected. The majority of species present in collections, with the
excepuon of two species, were represented by voung-of-the-year (YOY) (Table 4). A
preponderance of individuals < 1.5 em TL indicated several species had spawned late in the veur
\late August - early Oclober): channel shiner, spoifin shiner. river shiner. common carp.
orangespotted sunfish, and western mosquitofish.

Seining generally captured more fish and more fish species in both vegetaled and
devegetated plots, and six species were caprured only with the seine (Table 5). Overall (sites
combined) relative abundance of the seven most common fish species in the vegetated plots was
significantly correlated berween seine and popnet samples (N = 7; Spearman’s », =0.82. P =
0.023). In devegetated plots, concordance of rapks was not found in the seven most abundant
species (N = 7: Spearman’s »; = 0.68: P = 0.094). but a perfect correlation of ranks was found
(Spearman’s r¢ = 1.0) when the emerald shiner (Nomopis atherinoides) and orangespotted sunfish
(Lepomis humilis) were Jeft out of the analysis. Popnets were probably not as efficient at
sampling the emerald shiner in devegetated plots because of a combination of their pelagic narure.
schoaling behavior. and larger size relative (o other YOY cyprinids in the habitats. Popnets may
have artracted YOY orangespotted sunfish by providing structure to a homogeneous habitat
otherwise devoid of structure.

In general. both sampling gears provided a sinular description of the fish communities in
the experimental plots; therefore, data from seine and popnet samples were combined when
comparing total nuraber of fish. total number of species. and Shannen diversity index (H')
berween vegetated and devegetated plots. Based on the collection of 11,061 fish. we did not
detect diiferences in numbers of fish in vegetated and devegetated plots (two-way ANOVA:; F ;
= 2.63; P =0.203) (Figure 4). Number of species and H" were nut sigruficantly differenmt berween
vegetated and de\ cgetated plots (O = 4: Mann-Whiney {-Test: P = 0.8832 and P = 0.665,
respectively ) (Table 6.

Relatrve abundance of fish species was calculated from data combined across eears and

sites 1 ordzr to examine fish community structure between vegetated and devegetated plots. No
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significam correlation was found in the relative abundance of the eight most common fisn species.
which encompassed greater than 99% of fish captured, berween vegetared and devegetated plofs
N =8: Spearman’s r, = 0.30; P = (1.207) (Figure 3). A major difference was the emerald shiner
was the most abundant fish in devegetated plots, but it was the sixth most abundant fish in
vegetated plots. Concordance of ranks between treatment plots was also evaluated at each
individual site. At Baichtown West. Bawchtown East, and Turner Island. relative abundance of
species was not correlated between vegetated and devegertated plots; however. concordance of
ranks berween plots was found at Jim Crow when all species capured were considered (Table 7.

Based on apparent differences in fish community structure berween treatment plots at
three of the siles. abundances for the eight most common species were examined separately for
differences between vegetated and devegetated plots without including collections from Jim
Crow. Mean abundance of mosquitofish, common carp, and spotfin shiner was significantly
higher in vegetated plots, and mean abundance of emerald shiner and orangesported sunfish was
significanty higher in devegetated plois (Table 8).

Water Qualitv in Experimental Plots - The most distinei trends in water qualitv were evident in

temperature and dissolved oxygen (DQ), with temperature decreasing and DO increasing over
time (Figures 6 and 7). Mean depth, temperarure, DO. pH, conductivity, and turbidity were not
significantly different in vegetated and devegetated plots during the Fall 1999 sampling period
(Table 9).

It is of biological importance that DO values less than or equal to 3.0 ma/L were recorded
in vegetated plots at Batchtown East, Batchtown West. and Turner Island, but DO was never
limiting in any devegetated plots or at Jim Crow (Table 10. Figure 9). At Turner Island and
Batchtown West. DO in the vegetated plot was hospitable by 10 and 25 September.
respectively: DO remained very low in the vegetated plot at Batchtown East throughout the
sarapling period (Figure 9). Time-of-day probably introduced some variation into DO

measureniznts. but most measurement: were made berween the hours of 1100 and 160U, The
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lowesi DO recorded a1 Bawchtown Eust and Batchiown West was on = sunny day at 1143 and

1500 hr.. respectively.

Cdge Habitar a1 Batchtown Zast and Baichtown W zst - The edge habitat sampled a1 Baichtown
East and Baichtown West was approximately 20-30 cm deeper than the respective experimental
plot. Of the major water quality parameters measured, only DO in the vegetated plot and
vegetated edge were different. Unlike the respective vegetaied plots, DO was never limiting at
the vegetated edge at Batchtown East (mean = 6.56 mg/L ; range = 4.68 - 7.88 mg/L) or
Batchtown West (mean = 8.85 mg/L: range = 7.08 - 11.44 mg/L.). Number of fish species and H’
tended to be higher at the vegetated edge compared with the respective vegetated and devegetated
plot at Baichtown East and Batchiown West (Table 11, Relauve abundance of species capiured
in the vegetated edge was not significantly correlated with that of the vegetated plot at
Batchtown East (N = 10: Spearman’s r, = 0.01; P = 0.984) or Batchiown West (N = 10;
Spearman’'s r; = 0.4): P =0.277).

Boat Flectrofishing - In both 1998 and 1999, gizzard shad and omnivorous. benthic feeding fishes
(common carp and suckers) were well represented in samples 1aken within the Batchtown State
Wildlife Management Area (Table 12). Our boat electrofishing darta are qualitative since only one
sample is taken at a site within a given year. However, a higher number of species was collected
in Batchtown in 1998 than in 1999, and sunfish catch-per-unit-effort was higher in 1998 (0.1 fish
/min) than in 1999 (0.02 fish/min). The highest number of species (4) and catch-per-unit effort of
sunfishes (1.73 fish/min) was recorded during 1998 in the backwater created by the Stag Island

Habitat Rehabilitation and Enhancement Project. Pool 25, Mississippi River (Table 13).

Fish Use of Residual Vegetation in Spring 1999
Twenrv-eight fish taxa from 10 families were collected at four sites in the residual
vegelation. comprised exclusively of smartweed stalks (Table 14). The family Cyprinidae was

well represented with 17 species collected. wo of which were exotic species { common carp and
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pirhead carp). The majonty ot taxa collected in the residual vegetanon (23 was represented by
late larvae and/or early juveniles (YOY) (Tabiz 14). The number of raxa is a conservative
estirnate since carpsuckers. bu:falofishes, and redhorses could not be 1dentified bevond the genus
level with any certaintv. Young of the mooneve, silver chub, emerald shiner. and slenderhead
darter are not typically associated with vegetation in backwaters, but these fish were relatively
abundant in our samples of the residual vegetation (Table 14). Ten taxa were collected only at
sites containing residual vegetation, but strong relationships cannot be determined because sites
differed in factors other than presence of vegetation. Three of the YOY species collecied in the
vegetation are considered “rare and uncornmon” by the state of Missouri as of 1999: the
mooneye, silver chub, and blue sucker. Water quality data during collections are summarized in

Table 15.

Miscellaneous Fish Collections in Summer 1999

A series of collections made in the slough on Jim Crow Island. 1ollowing drawdown in
1999, documnented changes in the fish communirty prior to reflood in August (Figure 10). Afier
drawdown in late June, the slough was isolated from the river for approximately 35 days: during
this ime period. water surface area and maximum depth (<0.5 m) decreased, and water
temperatures as high as 40 °C were recorded. On 13 July 1999. 17 days after isolation, we
documented the stranding of 10 fish species (Table 16) and observed dead and dying fish. A risc
in water level on day 35 (July 31) reconnected the slough for approximately 3 davs (Figure 10).
By 13 August, the slough was once again very shallow and onlv 3 fish species were collected. 3
of which were recent}y spawned Asian carps that were not present ia the previous sample (Table
16). The overal] irend at Jim Crow was a decline in species richness following isolation from the
river.

Fish collections from three additional sites in lower Pool 23 are reported in Table i7. Of

siznificance was the caprure of 3 adult western sand darters (4mmocrypra clara) on 7 July 1999



within the side channel. directly east of the experimental plots on Turner Island (River Mile
244 2. SIUC 33391), The western sand darter is on the Watch List in Missouri and Endangered
in lilinois. The fish were located just downstream of exposed sand near the confluence of the side
channe! with the main channel; depth ranged from 10 to 36 cm. temperature was 29 UC, substrate

was sand overlain with a thin layer of silt. and surface water velocitv was S-10 cm/s.

Discussion

Due 10 elevated discharges upstream throughout the summer months in 1999, water levels
in Jower Pool 25 remained 3-4 ft bzlow the target pool elevation of 434 fi (rather than the 0.5 to
2.0 ft below 434 fi prescribed under EPM) for a substantial time period (Figure 3). The elevated
discharges resulted in tilting of the pool as mandated by the operating plan for Lock and Dam: 25.
The increased duration and extent of exposure of mudflats produced a strong response by
emergent vegetation; however, water quality conditions in backwaters of lower Pool 25
deteriorated during the summer due to isolation from the main channel. When Environmental
Pool Managemeat is implemented, water levels are held berween 0.5 and 2 fi below the target
pool elevation (Atwood et al. 1996) and water levels are raised gradually at the end of the
drawdown, back to a target pool elevaton of 434 ft. The discharge regime in the summer of 1999
did not allow the flexibility to fully implement Environmental Pool Management (water Jevels
were below the 2 ft target). Onlv the gradual water rise back 1o an elevation of 434 was
implemented in 1999, However, valuable information, baving implications for EPM, was gained
by studving the fish and water quality responses 10 vegeration produced in 1999,

Based primusily on one vear of data, fish generally appeared 10 benefit from the
production of emergent vegewtion. The fish response cannot be ueneralized adequately by one
single community mewic (e.g., an increase or decrease in owal abundance, diversity. etz.). but

requires consideration of the individual species compnising the community and their respecty=
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biologies and talerances. Two abiotic charactenstics of EPM exist that will primarily influence
the overal! fish response: vegetation production and the hydrology associated with vesetation

production, Our results thus far will be discussed within the context of these ‘wo anribures.

Vegetation Production

Vanabilitv in fish response among sites - We sampled the fish communiry in devegerated plots
and adjacent vegetated plots at four sites to quantify the effects of the vegetation with a field-
based. manipulative experiment. Based on knowledge of how fish interact with plams (Janecek
1988: Dibble et al. 1996) and previous research in UMR Pools 24, 235. and 26 (Heidinger et al.
1998). we predicted that overall fish abundance and diversity would be higher in the vegetated
plots. Although the relative abundances for common fish species in vegetated plots (rank order
abundance of species) was not significantly correlated with species ranks in devegetated plots. no
significant difference in total fish abundance and diversity was found between the experimental
plots. (Figure 4). A possible explanation (or the lack of staustically significant findings in this
respect was the relatively small number of replicates (4) combined with variability in the fish
responses between replicates (sites). Some of the variability in fish responses amony sites can be
atribuled to differences in site location and dissalved oxygen concentration.

The larges: difference in response by fish 1o vegetated and devegetated plots was
observed at Tumer Island (Table 6). Turver Island had a relatively small patch of vegeration that
was accessible to fishes of flowing water habitats. The vegetation provided nursery habitat for
the recently spawncd voung of the channel shiner, spotfin shiner, and river shiner which are
associated with currents as adulrs and known to spawn late in the season ( Trautman 1981
Becker 1983); these minnows are probably utilized as forage by predatorv fishes. Also. the
availabilin of small fish as forage iiems in fall and winter may help facilitate the overwinter
survival of a wider siz< range of piscivorous fishes, The vezztation communirty at Turmer Island

wis not domenated by smarrweed (Table 3). and was relative’s valnerable 1o wave action that


http:pisciYoro\.ls

“opened” the vegetation. therefore. DO wiis not an issue at the Tumer Island site afier the 1nitial
sampling date (Figure 9),

Vegetated plots at Baichtown East and Baichiown West were located in ¢ shallow
backwater macrohabitat. Smartweed was abundant and persistent throughout the plots at both
sites. Dissolved oxvgen less than 3 mgO,/L was found at both sites and were in the “biotic
crisis” range described by Bain (1999). The low DO was most probably due to decomposition of
emergent vegetauon. The dense vegetation also probably prevented wave action and subsequent
atmospheric mixing, and it may have inhibited photosynthesis by phyvtoplankton since DO was
limiting during the middle of the day. Vegetated plots in Batchtown were inhabited primarily by
western mosquitofish and common carp (Table 6), which are known to be relatively tolerant of
low DO (Becker 1983). Low DO was a chronic problem at Barchtown East throughout the
sampling period, but became adequate for fish (> 3.0 mgO./L) over time at Barchtown West
(Bain 1999) (Figure 9). This ieprovement in DO, however. was not followed by a noticeable
change 1n the fish community, suggesting additional factors were influencing fish use of the
vegetation (e.g., vegetation composition or density). Siem density of smartweed was higher at
Batchtown East and additional plant types (not as resistant 10 inundation) were a significant
component of the plant community at Batchtown West (Table 3): open spaces created by the
decompositon of plants less tolerant of inundation may explain why DO improved over {ime at
Barchtown West.

Experimental plots at Jim Crow Island were different from all other sites in that thev
were located within a small backwater slough near the main channel, During fall sampling,
connectjion to the channe] was maintained by a narrow beaver run. The shoreline gradient was
steeper than other sites which resulted in 2 narrow band of vegetation around the perimeter. The
fish communiry was well represented by species typical of both backwaters (e.g.. western
mosquitofish) and flowing water habiiats (e.¢.. channel shiner). Additional testament 10 the
uniqueness of Jim Crow :s that three fish species were found orly ai that particular site,

including the grass carp, which wes relatively abundant ( Table 6). Dissolved oxveen was never
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found 1o be limiting in vegelated or devezetated plots. The large-scale influence of the presence
o: vegetation i Jim Crow sluugh probably inhibuned our abiliny 10 detect differences betwee
plots.

The data indicate effects of emergent vegetation will varv with location (macrohabjtar)
and patch size (vegetated area). The importance of relarively small acreages of vegetation present
on islands near the main channel cannot be overlooked. as they provided nursery habitat for fish
spawning late in the season. Also. the vegetaton at Tumner and Jim Crow islands was utilized by
(and therefore benefited) more small. linoral fish species than Bachtown (Table 6). Results fiom
the two Baichtown sites indicate that many fish may be excluded from using the internal portions
of large expanses of dense emergent vegetation in backwaters because of low DO. Low DO may
be more of an issue in dense stands of smartweed because 1t is relatvely wolerant of inundation
(unless completely overtopped) and tends to inhibit DO replenishment from wave action.

Edge habitat - In comparison to the vegetated plots ar Batchtown East and Batchtown WestL
which were located totaliy within the vegetation, more fish species utilized the deeper edge of the
vegetation. [n fact. the highest diversiry of fish at any site sampled was recorded at the edge of
the vegetation at Batchtown West (Table 11). An additional four species were collected by boat
electrofishing around the edge of the vegetation in Batchtown in 1999 that were not collected by
seining (Table 12). Fish have also been observed 1o congregate at edges of submergent vegetation.
particularly piscivorous fish. which use the edge as an ambush point (Killgore et al. 1989; Dibble
et al. 1996). Piscivorous fish were absent from our collections, but minnow species and
orangespotted sunfish 1ended to be more abundant at the vegetated edge compared to within the
vegetation (Table 11).

Seining technique was different within the vegetation (Kicksets) compared 10 the edyz2
hauls) and it car be reasoned that more fish are captured by aciively pulling the seine versus
with kicksets. Perhaps abundance of pelagic species within the vegetated plois was.
underestimated because of avoidance. accounting for the diffzrence with samples taken from the

edge. We do not beiieve this 10 be the case, however. because popnet captures within the
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vegetated plot corroborated seine samples. Addinonally. the water was relatively clear within
the vegetation. and fish (namely emerald shiners) were not observed avending kickse:s.

Animale in general are narurally anracted to edges (habitat ransitions) because of the
increase in hetlerogeneity due 10 the availability of muluple habirar rypes in close proximin: this
phienomena is termed the “edge-effect” (Leopold 1933: Yahner 1988). The vegetated edge in
Batchtown represenied a habitat separating two relauvely homogeneous environments: the open
water and dense stands of smartweed. Unlike within the vegetation. the edge offered cover and
food without the problems of low DO and, potentially, 100 much structural complexity. Our
devegerated plots created additional edye and probably anracied edge-dwelling species. Evidence
of this can be seen with the emerald shiner which was the most abundant fish at both the
vegetated edge and within the devegetated plot in Batchtown (Table 11). The emerald shiner was
very abundant in the vegetation in an earlier study (Heidinger et al. 1998), compnsing 88% of fish
captured: sampling in that study included the vegetation edge habitar.

Increasiog edge to benefit wildlife has been used by resource managers for the management
of terrestrial game species (Leopold 1933). Invustigators caution against the creation of too much
edge because it could become a population sink, particularly for intenor specialists (Yahner
1988). Increasing edge habitat in dense, homogeneous stands of emergent vegetation, such as
existed in Batchtown in 1999. would probably benefit most fish. Not only would edge habitat be
created, but this could also alleviate low DO conditions within the vegelauon, potentially a very
substantial benefit. We increased edee through formation of our devegetated plots and created
conditions that attracted some fish species that were otherwise not found at the same depth
within the vegeiation (e.¢.. orangespotted sunfish. emerald shiners, and brook silversides), This
management pracuce is already emploved in most vears by duck huniers in the Raichiown area
wha create open areas around duck blinds and cut boat lanes through the vegetation. The
potential benefits to fish of edge created by duck hunters should be investigated.
r.esidual vegelavop - Many studies have demonsmated the beneti's of living vegeiation 2s habitar

-~

‘o7 Tish (Janecek 1988). but the benefits and use of residual. annual vegetaton in the UMR is noi
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well documented. Dead sialks of smartweed siill anached to the substrate remained through the
winter and were utilized by fish, parncular!y YOY (Table 14). The stalks. which at some sites
formed a dense underwater network. could have provided direct spawning subsirate for fish with
adhesive enus (e.e.. Lepisosteus and Jeriobus). Although all the leaves were gone, the remaining
stalks offered shallow-water suructure at water depths that otherwise would have contained no
cover. This was particularly true ar the Baichiown sites where no other form of mid-water cover
was available. Also, the benefit of residual vegeration as linoral zone cover probably increases
when water levels drop. no longer inundating terresirial vegetation. Residual vegetation could
increase invertebrate abundance, and therefore food for fish, by providing cover, a direct food
source. or by releasing nutrients once decomposition resumes.

The spring 1999 collections were significant in that they documented fish use of the
residual vegertation, but they also contain information on YOY habitat use of poorly known
UMR fishes. On 9 June, two YOY blue suckers (2.5 and 2.1 cm TL) were collected at
Batchtown East, and one specimen (3-8 cm TL ) was caprured at Turner. Early YOY blue
suckers are rare in collections, but, interestingly, 7 larvae in a Missouri River backwater were also
associated with smartweed (Fisher and Willis 2000). The 135 silver chub and 42 slenderhead
darter specimens may be the largest collections in the UMR of this relatively unknown life stage.
In addition lo rare and uncommon fislies, habitat use information was obtained for YOY tighead
carp whose numbers are increasing in the Mississippi River and elsewhere.

From a management standpoint, it is imporntant to understand the {actors related to if and
how much residual vegetation remains following ice-out. Cenainly the amount and compositon
of vegetation present going into the winter will be a factor, Smartweeds appear io be more
1olerant of inundation than the other vegetation fypes and are more likely w be presert following
ice-out. The temperature regime is also probably imponant. For example, decomposition rate
will be higher during 2 mild winter combined with fasi rising spring emperatures. The majority
of residual vegetation is likely lost 1o water level fluctuations during ice cover; stems attached to

ice will be nipped from the boiom during a rise in water level. Location is a tactor since scouring
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due w0 tnawing ice and open river conditions will impact some sites more than others. Continued
data collecion will enable us to bener understand the factors most important in determining the
presence of residual vegeration in soring.

Hydrology

Hydrology is one of the most important factors structuring fish communities i lotic
svstems (Horwitz 1978; Poff and Allan 1995). By influencing reproduction and recrutunent
processes, water level manipulations (via midpoo!l control point management and EPM) can
affect the fish community compos:tion of UMR pools. since fish species may respond
differently 10 a panticular hydrologic regime. The timing, rate, and duration of the late
spring/early swnmer maximum drawdown (a result of midpool control point management) can
have significant impacts on fish. Spring spawning species. already facing restricied access 10
quality floodplain habitat (Shechan and Konikoff 1998). may suffer from a shortened spawning
season if muximum drawdown is too early in the year. Year-class strength may also be aficcted if
the drawdown strands (isolates) or forces newly hatched young from backwater nursery areas
belore they are fully prepared for life in river channel habitats.

In the summer of 1999, we documented the isolation of fish in Jim Crow slough. Fish
species richness in Jim Crow slough declined from 23 species prior to drawdown 1o 3 species 49
days post 1solation. Some of this decline was probably due 10 fish escaping the slough as water
levels receded. Nonetheless. we did document that harsh conditions existed. fish were isolated,
and monality was observed first band. Other backwaters in lower Pool 23 were probably
impacied in a manoer similar 10 Jim Crow in 1999 following drawdown. On 13 Julv. many
recently opened mussel shells (Amblemu, Quadrula, and Megalonaias) were found scantered in
one of the side channels raversing Batchtown. The exposec mussels appeared to have been easy
prex for raccoons. Directly adjacent to the experimental plots at Baichtowr, West. we observed
thousands of dead fish on 24 July. encompassing at least 1] species. mostly YOV channel catfish
and river carpsucker. The fish were in and around a shallow pool and probanly died fom the

~ombined effects of extremely niga mdday temperatures and low DO.


http:obseN.ed
http:habit.at
http:s;:>ri..ng

The summer hydrologic rezime ol 1999 was perhaps exwreme compared 1o other years.
Bceause of the combination of midpool control point management and glevaed discharges
upstream. Pool 25 was on uii for most of the summer, resulting in extremely low water levels in
the lower pool. Following maximum drawdown. water levels remained 2 ft below full poo) (434
fr) for 34 days and 4 ft below full poo! for 30-35 days. We observed that at elevations below
approximately 431 fi, many backwaters in lower Pool 25 become isolated or completely dry.
The fact that musse) beds containing relavively large. old individuals were exposed in Baichiown
sugpests the combined magnitude and duration of the low water penod that occurred in 1999 does
not happen frequently.

Evidenced by observations in Jim Crow and Batchtown, the 30-33 davs below an
elevation of 431 fi was harsh on the aquatic biota in backwaters. but probably increased
vegetation production. The vegetation response in 1999 may have been higher than in other
vears because vegetation at lower elevations probably was able 10 grow tall enough to withstand
reflooding in August; this is supported by our qualitative observation of more vegetation present
in 1999 than in 1998. The low DO found in the vegetation in 1999 may not be indicative of DO
n the vegetation in most years under EPM. Data need to be collecied in additional vears to
better evaluate the fish response to vegeration produced in 1999,

Although hydrological conditions in 1999 were driven mainly by midpool control point
management of Pool 23. the biotic response observed in 1999 has implications for future
management strategies of EPM. Withio 2 given vear. EPM can be practiced in such a way that it
niinimizes or negates many of the negative impacts of maximura drawdown on backwater
inhabitants but su:l] produces ample vegetation. For example. in situations where river discharge
allows some control over water levels. EPM can be emploved such that backwaters are
reconnecied Lo the river. but mudflas are srill.exposed for a suiiicient amount of ume to allow
vegetanon to grow. In general. we have observed that backwaters in Jower Pool 25 hecome
disconnected from the main channel at an elevation berween 452 and 421 ft. Also. an “‘imrigation

event” (sensu Dugeer and Fedderser. 2000). whe-z water levels are allowed (0 inundate
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backwaters for a shon time period. may be empioved following a significant dry period that
induced vegetative zrowth. However. it 1s unclear whether such an event would rescue fish
isolated in backwater ponds or if it would sirand additional fish. A mid surmmer rise or irrigation
event did occur during 1998. Sunfish abundance in fall, namely bluegill and orangesported
sunfish, can be used as an indicator of backwater qualitv since they will be sensitive to waicr
level fluctuations and the absence of nursery habitat (Kohler et al, 1993, Raibley et al. 1997).
Sunfish abundance at Jim Crow was 98% higher in 1998 (44 fish) than in 1999 (1 fish). even
though sampling effort was much greater in 1999. Qualitative elecuofislhing samples from
Batchtown in 1998 also vielded higher numbers of sunfish. These data indicate the summer
hyvdrologic regime of 1998 was more amenable to backwater fish than in 1999. Environmental
Pool Management can also be used 10 compensate for the negative impacts of drawdown in
subsequent years. Following the extreme drawdown in 1999, water levels were kept near ful!
pool throughout the summer in 2000. and preliminary indications are that sunfish abundance was
much higher in fall 2000.
Conclusions

Despite the issue of low DO associated with the dense vegetation produced in 1999, fish
generally benefited from the presence of late season cover. The vegetation provided nursery
habitat for late spawning forave fishes ie.g.. channel shiner, spotfin shiner, and river shiner)
whose abundances were particular]y high at Turner [sland. The vegetated edge provided a habitat
type for fish that would not have existed without EPM. Residual vegelation was used as nursery
habitat by at least twenty-three YOY fish species in late winter and spring. 1n vears when the
hydrological regime is not as extreme as in 1999, benefits of EPM 1o fish may be more
pronounced. Our observation of fish stranding and backwater isolation in the summer of 1999 at
water elevations near 431 ft supports 2 maximum drawdown targer of 2 fi as outlined by Arwood
et al. (1996 for EPM in Pool 23.

Sampling in subsequent vears will ajlow us to evaluate EPM under varving scenarios of

vegetation production and hvdrological conditions upon which management recommendations can
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be baszd. Data collected in 1999 suggest low DO may 2xclude fish species from using the
veoetation ar some sites, and fish species richness is generally higher at the vegetated edge.

Fuwure studies should further evaluate the relative importance of DO and edge habitat in
influencing fish responses to EPM-induced vegetation. We plan 1o explore management options
that would alleviate low DO in the vegetation. increase vegetated edge habitat, and produce ample

amounts of vegeation.
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Table !.

Locauon of experimental plots at four sites in lower Pool 23. Mississippi River.

Sie

Locality

Batchtown East

Batchtown West

Jim Crow

Turner

Pool 25, Mississippi River; approx. 0.5 mi North of boat ramp in
Cockrell Hollow; Calhoun Co. Tllinois; T12S. R2W, Sec 6;
N39°02.361 W90%40.669; River Mile 244

Pool 25. Mississippi River: in northend of large bav: Calhoun Co.
Hlinois; T12S, R2W, Sec 6: N39%2.362 W90"41.456; River Mile 244

Pool 25, Mississippi River; slough on Jim Crow I[sland: Lincoln Co.
Missouri; TSON, R3E, Sec 25; N39%03.792 W9('42,685; River Mile 246

Pool 23, Mississippi River: southern tip of Turner Island: Calhoun Co.
llinois; T12S. R2W. Sec 1; N39°02.720 W90%42.347; River Mile 244,
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Table 2.

Fish collected by seining and popnets combined 1n Ociober 1998 in Pool 25, Mississippt River.
Numbers represent data combined from vegertated and devegetated plots at each smdy site:
Batchtown West (BW ), Batchtown East (BE). Jim Crow Island (JC). and Turner Island (Tumer).

Common Name Scienufic Name BW BE IC Turner
Gizzard Shad Dorosoma cepedianum 2 0 8 3
Grass Carp Ctenopharyngodon idella 0 0 | 0
Spotfin Shiner Cyprinella spiloptera 2 0 3 )2
Common Carp Cyprinus carpio 0 0 0 0
Emerald Shiner Norropis atherinoides 9 10 63 54
Sand Shiner Notropis ludibundus z 0 0 0
Channe) Shiner Notropis wickliffi 3 ! 17 S
Bullhead Minnow Pimephales vigilax 2 ) 0 4
Western Mosquitofish Gambusia affinis 16 0 11 1
Brook Silverside Labidesthes sicculus 0 0 3 0
Orangespotted Sunfish Lepomis humilis 0 - 40 |
Bluegill Sunfish Lepomis macrochirus 0 0 4 0
Touals

Number of Species: 7 4 9 7

Fish Abundance: 36 14 154 80
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Table =.

Major emergent plant types present i experimental plots at Baichiown West (BWest).
Batchtown East ,BEast). Jim Crow, and Tumner Island in summer 1999 in Pool 23, Mississipp)
River. Values represent mean nwmnber of siems per m” determined from 3 stations at each site (4
siations were present at Turner). Percent occurrence in the stauons is also statec. Data were
colizcted prior 1o reflood and 2re itom Dugyer and Feddersen (personal communication),

Plant Genera BWast BEast Jim Crow Turner
Polygonum 14.67 41.33 16.0 11.0
(100"3) (100%:) (66.7%) (100%)
Cyperus 104.0 25.53 36.0 104.0
(100%) (66.7°%) (100%) (100%)
Echinochloa 9.33 34.67 104.0 0.0
(100%) (66.7%) (66.7%) (0.0%)
Lindernia 4333 0.0 0.0 0.0
(100%) (0.0%) (0.0%) (0.0%)
Leptochloa 0.0 0.0 0.0 229.0
(0.0%) (0.0%) (0.0%) (75%%)
Amaranthus 1.33 2.67 6.67 5.0
(33.3%) (33.3%) (33.3%) (30.0%)




Table 4.

Fish species collected with popnets and by seining m \egetated and devegetated plois a1 four
sites in Jower Pool 23, Mississippi River. during Fall 1999, An “X denotes presence in samples
as adulis and/or young-of-the-vear (YOY). Fish were classified as adults or YOY based on total
lengths reporied in Becker (1983) and Pflieger (1997).

Common Nanie Scientific Name Adult YOY
Gizzard Shad Dorosoma cepedianum X
Grass Carp Crenopharvngodon idellu X
Common Carp Cyprinus carpio X
Spotfin Shiner Cyprinella spiloptera X X
Emcrald Shiner Norropis atherinoides X X*
River Shiner Notropis blennius X X
Sand Shiner Notropis ludibundus X

Silverband Shiner Notropis shumardi X
Channel Shiner Notropis wickliffi X xx
Bluntnose Minnow Pimephales notatus X
Bullhead Minnow Pimephales vigilax X
River Carpsucker Carpiodes carpio X
Channel Catfish Teralurus punctatus X
Western Mosquitofish Gambusia affinis X X
Brook Silverside Labidesrhes sicculus X
Orangesponted Sunfish Lepomis humilis X
Bluegll Lepomis macrochirus X

Green Sunfish Lepomis cyanellus X

* Indicates the majority of specimens were YOY,



Table 5.

Fish abundance and species richness in vegetated and devegerated plots based on colleciions using
Two sampling gears. Numbers are pooled from four sites in Jower Pool 23, Mississippi River,
and tonaled over five sampling wwips during fall 1999.

Vegetaied Plot Devegetated Plot

Species Seine Popnet Seine Popnet
Dorosoma cepedianum 2 1 2 0
Ctenopharyngodon idella 196 13 24 3
Cvprinus carpio 370 145 127 26
Cyvprinella spiloptera 1A 439 125 18
Notropis atherinoides 84 26 700 109
Normropis blennius 52 33 3 0
Notropis ludibundus 0 0 | 0
Notropis shumardi 0 0 ) 0
Notropis wickliffi 2234 1027 423 120
Pimephales notarus 1 0 0 0
Pimephales vigilax 2 0 3 3
Carpiodes carpio 0 0 3 0
letalurus punctatus 0 2 0 l
Gambusia affinis 2242 543 452 268
Labidesthes sicculus 0 0 6 2
Lepomis humilis 3 4 13 64
Lepomis macrochirus 1 0 0 0
Lepomis cyanellus 2 0 0 0
Totals:

Number of Species 13 10 14 10

Fish Abundance €310 2055 1883 614



Fable 6.

Species abundance and ricliness in vegetated (Veg) and devegetaled (DeVeg) plots at four sites in Pool 25 of the Mississippi River.

Nunhers represent pooled seine and popnet samples based on five sampling trips during fall 1999,

Species

Dorosoma cepedianimi
Clenopharsigodon idella
Cyprinmus carpio
Cvprinella spiloptera
Notropis atherinoides
Notropis blennins
Notropis. ludibundns
Notropix shumardi
Notropis wickliffi
Pimephales notatis
Pimephales vigilay
Carpiodes carpio
Ietahirus prnctaius
Ciecombusia affinis
Labidesthes sicerdus
Fepomis humilis
Lepomis macrochivus
Lepomis cranellis
Totals:

Number of Species

IFish Abundance

Shamon Index (117

Balehlown Wesl

Ralchtown Easl

Jim Crow Island

Turner [slang

Veg DeVey Veg DcVeg Veg DcVeg Veg DeVeg
I 0 0 0 0 0 2 2

0 0 0 0 211 27 0 0
285 3 R7 0 84 149 59 f
75 5 57 26 6l 88 1387 24
30 78 0 400 5 56 75 275
J 0 0 0 I 3 &3 0

0 {) 0 0 0 | 0 ()

0 () 0 1 0 0 0 ()

I I8 0 22 102 414 3158 8O
U (0] 0 0 | 0 ) U

0 0 0 2 0 I 2 3

( [ 0 I 0 I 0 ()

0 0 0 0 0 0 2 I
230 I 20} | 2262 718 92 0

0 0 0 g 0 0 0 0

2 61 2 5 0 I 3 0

{ 0 0 0 0 0 I ()

Z 0 0 0 () 0 0 0

9 7 4 9 R I [ K
(27 167 347 466 2727 1459 4864 404
.52 0.52 0.43 0.27 0.30 0.58 0.40 0.41



Table 7.

Correlation analyses comparing the rank-order abundances of species collected n vegetated anc
devegetated plots at each site (sampling gears combined) in Fall 1999 in Pool 235, Mississippi
River. Correlations were calculated using all species present and including only common species,
An astensk denotes a significant correlation in fish community soucture berweer vegeated and
devegetared plots.

Site N Spearman r, P - value
Batchtown West 10 0.35 0.326

6 -0.71 0111
Batchtown East 10 -0.32 0.359

3 -0.72 0.172
Jim Crow [sland 13 0.83 0.001*

6 0.43 0.396

~]

Turner Island i1 0.32 0.331
0




Table 8.

Mean (= 1SE) abundance for common species collected 1n vegetated (Veg.) and devegetated
(DeVez.) plots at Baichtown West. Baichiown East. and Turner [sland in Fall 1999, Pool 25.
Mississipp! River, The null hvpothesis that no difference in species abundance existed berween
vegetated and devegetated plois was tested with a Mann-Whitney U- test. An asterisk (*)
denotes 2 significant difference.

Species

Veg. Plot

DelVeg. Plot

P - value

Cyprinus carpio
Cyprinella spiloptera
Norropis atherinoides
Notropis blennius
Nomopis wickliffi
Gambusia affinis

Lepomis humilis

) 28,75 (52.46)
395.0 (330.69)
27.5(17.14)
28.0 (27.50)
1053 (1052.5)
696.25 (522.76)

1.75 (0.63)

38.25 (36.92)
35.75 (18.03)

202.25 (82.27)

(80.0 (179.33)

19.0 (14.09)

0,049*

0.049*

0.049*

0.121

0.513

0.049*

0.046*
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Tahle 9.

Results of two-way ANOV A tests examining the effect of Plot (vegetated or devegerated) and
Site on hzbytat parameters at four sites in lower Pool 23, Mississippi River in Fall 1999. An
asterisk denotes significant (P < 0.03) differences.

Independent Effect F - value P - value
Vanable
Depth Plot Fy:=0.081 0.432
Site F-1=123.018 0.00}*
Temperature Plot Fi3=0.12 0.751
Sie F:3=1337 0.025%*
Dissolved Oxvyen Plot Fi3=8.025 0.066
Site F3;=8.051 0.06
pH Plot F,5;=10918 0.26
Site .Fggg =3.84) 0.149
Conductivin Plot Fi53=0479 0.538
Site F3:=1.277 0.423
Turbidity Plcy Fy3=4.764 0.117

Site F;_3=3.43 0.169
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Tlabital measurements in vegelaled (Veg) and devegelated (DeVeg) plots at four sites in Paol 25 of (he Mississippi River. Mcans
(ranges) are based on five sampling trips during fall 1999, Only ranges are provided for pll and conductivity.

Batchlown Wesl

Vep

Waler Depth (cm)

‘Temperature ("C)

Pissolved Oxygen (mg/L)

pll
Conduelivily (puthos/cn)

Turbidity (N'TU)

44.4
(38.0-47.0)

22.0
(18.6-27.9)

5.9
(2.23-10.4)

7.9-8.7
400-450

G1.0
(15.5-100)

Dalchiown Fast

Jim C'row Istand

Turner leland

DeVeg Veg DeVeg Vey DeVey Vep DeVeg
42.0 53.5 55.2 2743 28.5 24 .8 274
(34.0-46.0) (49.0-57.0) (53.8-58.0)  (25.0-29.0) {25.0-3).5) (20.5-27.0) (20.0-32.0)
2.2 20.6 212 23.1 23.2 21.9 21.4
(17.1-29.5) (16.3-25.0) (17.2-25.6) (17.4-31.0) (16.7-32.1)  (J7.3-28.1) (16.7-27.2)
g1 2.5 5.6 8.7 10.2 (.7 9.0
(6.1-9.8) (1.4-3.5)  (1.4-7.9) (0.2-11.4)  (5.9-12.4) (3.0-12.8) (6.3 LA
8.1-8.7 7.4-8.0 7.8-8.4 8.2-9.0 R.0-8.7 7.8-8.8 8.3-8.8
400-460 300-447 300-441 350-468 400-476 350-450 N0-410
64.6 17.5 48.9 20.7 56.9 67.4 R1.6
{46-100) (5-43.5) (23-67) (4-47.5) (R-100) (d0.5-100) (3 1-100)




Table |},

Companison of fish collected by scining i the vegetated plot (VegPlot) and devegetaled plot (@lot) to collections al the deeper edge
ul the vegetated plot (Veglidge) and devegetaled plot (@LEdge) at Batchtown Cast and Batchtown West, Pool 25, Mississippi River.
Dala are summarized from five sampling (rips in 1all 1999, except for @Edge, which are based on three sampling Inips.

Batchtown Last Batchtown West

Species VegPlor  Veglidge OPlot DEdge Vegl'lol Veglidge Gt Olidge
Daorosena cepedianim 0 0 0 0 0 1 0 N {
Cyprinus carpio 79 0 0 0 177 5 0 0
Cyprinella spiloptera 3 353 26 0 33 47 2 0
Notemigonus vrysolencas 0 0 0 0 0 | 0 (
Notropis atherinvides 0 400 349 3 16 95 17 "
Notropis blennins 0 K 0 0 0 0 0 (0
Nuotropix Tndibundis (0 1 0 0 0 0 0 )
Notropix shomardi () 0 | 0 0 0 0 0
Notropis wickliffi () S ] 2 0 10 4 0
Pimepludes notafus 0 | 0 0 0 0 0 0
Carpiades carpio 0 | ! 0 0 () ] 0
Clcombusio affinis 131 4 1 0 88 12 1 ]
Lahidesthes siceulus 0 0 6 0 () 0 0 (
Leponis cvanelhis 0 0 0 0 2 0 0 ()
Lepomis huilis 0 2 0 1 1 21 3 )
Tolals:

Nuomber ol Specics 3 9 7 3 O 8 0 |

Fish Abundance 213 170 387 6 417 189 18 19

Shannon Index (J17) 0.32 0.36 0.18 0.47 (.60 0.1R



Table 12.

Fish collecied by boat electrofishing rom the Batchrown Srate Wildlife Management Area | 298§-
1999, Pooi 25, Mississippi River. Numbers are based on 1-1.2 hrs of elecurofishing in 1999 and
1998. respectively.

Common Name Scientiiic Name Oclober 1998 October 1009

Gizzard Shad Dorosoma cepedianuun 144 14}
Common Carp Cyprinus carpio 17 7
Emerald Shiner Notropis atherinoides 5 0
River Carpsucker Carpiodes carpio 12 1
Smallmouth Buffalo Ictiobus bubalus 20 13
Bigmouth Buffalo Icriobus cyprinellus ] ]
Black Buffalo Ictiobus niger 4 6
Redhorse Moxostoma sp, 2 0
Channel Catish Jetalurus punciatus 2 ]
White Bass Morene chrysops i 0
Bluegill Lepomis macrochirus 4 0
Orangespotted Sunfish Lepomis humilis 4 |
Warmouth Lepomis gulosus I 0
Freshwater Drum Aplodinotus grunniens 2 0
Number of Species 14 8



Table 13.

Fish collected by boat eiectrofishing adjacent to the vegetation on Jim Crow 1sland (JC) and
Turner Island (TR and on the riverside 1 SR) and backwater siae {SB) of the rock revetment on

Stag Island in October 1998. Pool 25, Mississippi River. Effort rangzd from 30 -13 min.

Common Name Scientfic Name 1C TR SR SB
Shortnese Gar Lepisosteus platosiomus U 0 0 Il
Skipjack Herring Alosa chrvsochloris 0 2 1 0
Gizzard Shad Dorosoma cepedianum 14 88 6 23
Common Carp Cyprinus carpio 6 10 2 1
Grass Carp Ctenopharingodon idella 0 2 0 0
Emerald Shiper Notropis atherinoides 3 4 0 2
River Carpsucker Carpiodes carpio ! 0 0 ]
Smallmouth Buffalo Jetiohus bubalus | 0 1 2
Channel Catfish Jewalurus punctatus 2 3 0 0
Brook Silverside Labidesthes sicculus 0 0 0 2
White Bass Morone chrvsops 0 4 0 0
White Crappie Pomoxis annularis 0 0 0 2
Warmouth Lepomis gulosus 0 0 0 =
Bloegill Lepomis macrochirus | 4 4 14
Orangespotted Sunfish  Lepomis humilis 0 2 0 8
Freshwater Drum Aplodinotus grunniens 2 4 2 6
~umber of species 8 10 6 /.
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Table 14. Spring 1999 fish collections from 7 sites wocated in lower Pool 25, Mississinpi River.
Sites were sampled from §-20 June, 1999. Numbers represent YOY' fish unless scparated by a
colon (YOY .Adult). Residual vegetation was present at Baichtown West (BWesi). Batchtown
East (BEast), Jim Crow (JC 1. and Turner. Additional collections are summarized Som the
Baichtown Boar Ramp (Bramp). Stag Island Siough (Stag!, and Swag 1siand Border (Bordar).

Species BWest BEast JC  Turner BRamp Stag  Border

Lepisosteus osseus*
Hiodon alc.oides
H. rergisus
Daorosoma copedianum*
Camposroma anomalum
Cwprinella spiloptera
Cyprinus carpio®
Hybognathus nuchalis* -
Hyvpophthalmichthys nobilis - 12 -
Macrhybopsis hyostoma
M. storeriana
Notropis atherinoides
N. blennius*
N_dorsaliv
N. hudsonius
N. ludibundus
N. wickliffi
Phenacobius mirabilis
Pimephales notarus
P.vigilax
Semoiilus atromaculatus” -
Carpiodes sp.* -
Cycleptus elengatus -
lctiobus sp.*
Moxostoma sp.* .
Jetalurus punciatus -
Gambusia affinis* :
Lubidesthes sicculus™ .
Morone chrysops* - -
Lepomis humilis* . B
L. macrochirus*® - -
Micropterus salmotd:s® - - - -
Pomoxis unnularis* - - - -
P. nigromaculurus* - - -
Liheostoma nigrum ! | . :
Percina phuxocephala - - 12 29 - 2 ]
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P. shumardi
Stizostedion canadense

Aplodinotus grunniens™ - 2 = 63 - - -

Number of Taxa: 10 i3 2

]

23 = 0 14

* Denotes species reported to utilize vegeration for spawning and. o nursery habitat. Déterminanons are from Becker
(1982 ), Holland and Huston (1985), Janecek (1988). and Etmizr and Stames (1993 ),


http:S?awni.ng

Table 13.

Water quality data corresponding with fisiv collections ai 7 sites in lower Pooi 23, Mississippi

River. from 8-2( luns. 1999

Site Temp. DO pH Cond. Turb.
’C) (mgO-/L) (umhos/cm)  (NTU)

Batchiown West 33.7-36.2 6.2-3.8 7.8-83  420-440 69

Batchtown East 242258 6.2-3.5 7.4-8.0  400-410 7

Jim Crow 247-27.9 4.8-9.2 7.5-1.9 430-440 42-34

Turner 25.3-27.5 5.8-6.5 7.6-8.3  423-430 49-71

Batchtown Boat Ramp 26.5-31.3 8.9-12.0

Swuag Island Slough 25.8 79 6.8 430 28

Siag Island Border 234 6.2




Table 16.

Late sprning ‘summer 1999 fish collections from the slough on Jim Crow Island prior 1o (Pre-
Drawdown) and following (Post-Drawdown i maximum drawdown it lower Pool 25. Mississippi
River. Pre-Drawdown data are combined {rom three sampling irips (8.15.20 June 1999).
Numnibers represent Age-0 fish unless separated by a colon (Age-0:Adulr), No designatior. was
anempted for western mosquitofish.

Species Pre-Drawdown Posi-Drawdown

13 July 13 August
Lepisosieus osseus 27 2 0
Hiodon rergisus 13 0 0
Dorosomu cepedianum 7435 7 0
Clenopharvngodon idella 0 0 505
Cyprinella spiloptera 1 0 0
Cyprinus carpio 14 0 1050
Hypophthalmichthvs nobilis 12 0 40
Macrhybopsis storeriana 70 0 0
Narropis atherinoides 23:6 135 0
N. blennius ! 0 0
N. hudsonius ] 0 0
Nowicklifji 37 u 0
Pimephales notatus 0 3 0
Carpiodes sp. 4 4 l
letiobus sp. 28:1 33 0
Moaoxusioma sp. 1 0 0
[ctalurus puncratus o Q 0
Gambusia affinis 107 182 33
Morone chiysops 20 U (0
Lepomis humilis 3 18:4 0
L. macrochirus 3 0 U
Pomoxts annularis 0 b (
Pireina phoxocephala 1 0 0
P. shumardi - 0 0
Stizostedion canadense ] 0 0
Aplodinotus grunniens =1 1 0

Number of Tana: oz 1

thn



Table 17.

Fish coliecied by miscellanzous seining in lower Pool 23, Mississippi River. The riverside
sandbar on Jim Crow Island (Jtm Crow Sandbar) was sampled on 13 Julv 1999. The side channe!
east of Tumer Island (Tumer Side Channe!l) and channel traversing Batchiown (Baichtown Side
Channel) were sampled on 7 July 1999. Numbers represent Age-0 fish unless separated by a
colon (Age-0:Adult). No designation of age was anempted for western mosquitofish.

Species

Jim Crow
Sandbar

Turner

Side Channel

Batchtown

Side Channel

Hiodon tergisus

Dorosoma cepedianum
Campostoma anomalum

Cyprinella spiloptera
Nomopis atherinoides
N, blennius

N. dorsalis

N. hudsonius

N. ludibundus

N. wickliffi
Pimephales notarus

P. vigilax

Gambusia affinis
Labidesthes sicculus
Morone chrysops
Lepomis humilis
Pomoxis annularis
Ammocrvpta clara
Stizostedion canadense
Aplodinotus grunniens
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Figure 1. A theoretical depiction of Environmental Pool Management (EPM) in
Pool 25, Mississippi River.
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Figoze 2.

Four srudv sites located in lower Pool 23, Mississippi River.
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Figure 3. Summer hydrographs for fower Pool 25, Mississippi River in 1997, 1298,
and 1999. Daily stages were obtained from Lock and Dam 25 (Upper) Winfield, MO.
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Figure 4. Mean abundance (N = 4) of fish collected using two capture methods
from four sites in lower Poo! 25, Mississippi River. Error bars represent + 1 SE.
No significant difterence was detected between means (two-way ANOVA, P = 0.203).
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Figure 5. Relative abundance of the sight most abundant fish species in
vegetated and devegetated plots in Fall 1999. Data are based on combined
samples collected with two gear types and at four sites in lower Pool 25,
Mississippi River.
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Figure 8. Mean water temperature on five sampling dates in treatment plots at

four sites in lower Pool 25, Mississippi River. All N = 4 and error bars represent
+ 2 SE.
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Figure 7. Mean dissolved oxygen concentration on five sampliing dates in
treatment plots at four sites in lower Pool 25, Mississippi River. AllN = 4 and
error bars represent = 2 SE.
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Figure 8. Mean turbidity on five sampling dates in freatment plots at four sites
in lower Pool 25, Mississippi River. All N = 4 and error bars represent = 2 SE.
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Figure 9. Dissolved oxygen values on five sampling dates in 1999 from
treatment plots at four sites in lower Pool 25. Mississippi River.
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Figure 10. Summer hydrograph for lower Pool 25, Mississippi River in 1993. Daily
Stages were obtained from Lock and Dam 25 (Upper) Wintield, MO. Vertical
dotted lines indicate dates (month/cay) the slough on Jim Crow Island was sampled.




Appendix E.

2000 Progress Report — Middle Mississippi
River Pallid Sturgeon Habitat Use Project.
Southern Illinois University — Carbondale,
Fisheries Research Laboratory and
Department of Zoology.

Middle Mississippt River Pallid Sturgeon
Habitat Use Project: Supplemental Report
on Bendway-Weir Field Use by Pallid
Sturgeon. Southern lllinois University —
Carbondale, Fisheries Research Laboratory
and Department of Zoology.
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INTRODUCTION

The pallid sturgeon Sczprnirhynchus albus was listed by
—he U.B. Figh znc Wild :Z=s Zervice &s endzancered Zn 1887

the need tTo gain better
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Service (USFWS) and U.S. Army Corps o EIngineers (USZCE) and
recommended with high priority by the Cen:rzl States Pellid

Sturgeosn Work Croup, was grincipally designed to address the
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components ©f spewning, Ifeeding, stiging, and rearing &rzszs.

Secezuss ¢I its zroyoach, the sztufv zlso zddressss ssver:il
Recovery Plen Secondary Tesks: 1) 1.1y Reduce or ellminezs
ostential znd documented thrsazs Irom Dasi, pressnt znd
Droposed gsvelopments Snociglls withiT recoveEry prizoicy
ereasy 2) 3.1, Obptain Inlfommeticn on _iZs =mistory o the
peilliid stuzgeorn; 3) 3.3, Oprtain infcemmation on genetic
makeuy €2 nicohey=rezved Eng WiIIR ECEnhRISHNVHEREE hsERsy
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Geal 1 during yeer 3 wes To centinue studving

and moverents of wild pellid sturgecn in the Middle

MIssisslppl River., Speciiic objectives ifor Gozl 1 were a5

T¢llows. COkjective R wes the identificetion and

1 gnd & s=zs50na. besis in the MMR.
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Obl2ctive © was the determinaticn of whether or not pallid
urgecn select macrornabitzt tyvpes out of prepeortion to their
evalilabi ity in the MMZ. Objective C was to examins the
effects of tempersture end discharge on habitat selectlion oy
pallid sturgeon in the Mississippl River., Oblective D was T2
guartify home rarnges and movemen:t patzernt exhibited by £ellig

gTurgeon in the MMR.

Goal 2 during veaer 4 was o mekes additional observatichs
=2 ZEbizes &t = gise in the MMR. nesyr Chesisy, laiscis,
considered To be 2 puTarTive sturgeon-spawning sige by loczl
fisners:. Ohlectiva & was TO ETTempT TO Crllischt sTiroeon eggs
2t Thils size Siczng the redortes spawning sssson veizg &
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Misscari and Mississipri (Kzlismyn 1383). To
Cete there rzve been Zew invesztigeticss into hsbitat use &ad

pallid sturgeon. Clancey (1880) tracked the
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movements of six pallid'st::geo: in the Missc:ri River near
Fort Teck and down stream of the Yellgwstone River Zsing a
combination of radio and sonic telemetry. Two Zish caught
Ly SCIJBR, tTacged with combination radic/sonic tags, &nd
relezsed in the tailwzters of the Fort Feck Dam remained
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Identification of Pallid Sturgeon

No sincle morphclogizzl characteristic cdistinguishes
pallid from shovelnose sturgecn, due tc overlspping
chazreacter vzlilss. Evhricde show characteristizcs intermedizts
10 parental species, further complicating ident

proclems. Conseguently, biclogists hzvs used sets of
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Mzy el &l1. 119297) .sec micr:isztellits primers devslopel

¢r Zcipenser sturgeon t: identiiy 6 ~omulogols, poLvmorphic

microsztellites (pcih Tri- z2n2 “strznucleotide) ioci in both

0t

Scephirhyvnchus speciesz. Blthzugh %Zhey €18 nzt foc:is cn =02

Scephirnynchus species, their work demonstrated the
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amplifying homologous microsatellites In
these srecies. Ir agdition, they illustreted the ability c:Z

the technicie to revezl polymorphic variz=ion in

Scaphixiynchus spp. where other technicues have Zalled.
Further, Mzy and collez3yues (Sernie Mev, Director, CGenomic
Diversity Leboratory, Una-versity ol CzliZsnrnia-Davis
gra.vzed tissue szmples Irom sturgeon collected In the lowsr

Miss:iseippi River z2nc fcund thet egpecimens wnich were

thought Tt be hybr:d sturgeon showed microsatellite a_lelic

sturgeon. This is cocnsistent with the cbservetions ol
cErison znd Pflizcer {13f1) and gthers regarding che
relazivesy Sigh iscidence ©f hvorigdizaticrn betwesn pelli:xd
and shovalnose stusgech. Howaver, nyvbridizaction g =
gontrovarsizl fssue; Mavasn and Kuhsjczs (18927) ccocrizng Chat
Thezs is no empizizel evidence incdizazing thev hnsxilization
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neTwesn the Zwe gpscies 13 common. Only the dsvelcopments o
£ Cens_ly Lecinlicue wiogno gcellnlilvely Ciscrimingtes beTwszsn

sel_ i€ &nd sheveinose sturgscn will r=sclve this contsoversy

sturceon In tre field would nct be an easy task. Therefore,
curing Yezr 1 of the study a character index was devzloped
tc eic in the efficiency and accuracy oi identiZfication of
g=llic sturgeon in the field as well as to nelp distinguish

oocesible pal

I_,I

id X shovelnose siurgeon hybrids (Sheehan et
gl., 1697:z). Thir index h2s been used irn subseguent te Yezr

2 To c¢iffexznilizre pallid sturgeon, sh-velnoss sturgecn, anc

hyorid stiurzecs czughi by commercisl fls:

Methods
Geczl 1 - Habitat Utilizztion and Movements of Adult Pallid

curgeon In the Middle Mississippi River

zallig stixgeon used To sTudy hazlitat use zna
mowerments (Gogl 1) wers cobiained Iron commercliel Ifishers, the
Yyssouri JegarThent o ConEerveETion, =nZ sampling esnsucced
o BruThEen Tilinois URAiVeTEITY BT Tasrmonzsalses "SITTH
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znd nerpnometzic measissmencs while simtlitznecusiy
sercicely implaniing soric transmittsrs whils $he stad
sgpecimens werxe znesthetized., Total length, szandaxd lengthy,
Zork length, znd weichkit werzs tzien pricz s surgery

cistance (MIR), interroscrum length (IL), &ncd head lengeh
(ZL) . Merzistic counts iIncluding anal and dorsal ZIin ray
counts (BRTC and DFC respectively) were taiken upon placement
intc the recovery tank. Sirgery techniguas took eporeximatsly
10 minviss from remcvel from znesthesia to placement into Che
raecovery tenk.

Sonic transmiztess were surgically implanted using tne
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5
m
H
iy
T
|_.-J
v
0
m
[o R
F_ 4o
o §
v
(=
=
i
I
r‘
|
0
n

;—es—

'-_'
10
y

chesz cne-helf Full o

s'ipersaturziion. Carbon dlicxide oas was bubbled into the wetex

AT & zETe 6 2.0 tfm ungil

i<
i
e
9]
v
I-.l
ltj
I_
m
L3 |
n
1
Q
wn
n
O
I=h
b
o
I .
I -
|-+
tr
I
I
i
b
[®)
L
|
=
I_I
J
'_l
h
ey
(1%
(&5
n
cr
14
e
(D]
9]
I
I '
3
]

. . - ) . . . -
whenR C2PTLXeq Y Zng). UEVEGERsLion Wes GontTiliagd TRrXroughoul
- -— - - -— ™= -- - -— - - k' - - - - -
ENeSTAE T s CACR.. -0e eveIaege Timme CI CarDITy CLCXLGe =XDroure

— & ; o . = 0o 3 T - g s = T
was 4.5 min (mExipaw was 5.8 ming minimem wss 2.5 min). i
SRST CNETIEEd IISh WerSs ISROWEd IIom This e ISt 2hd

11



Chns=racTerisTics znctTher kieclocgliss fnizizied the CrensmoTi=r

<
SUrTigEl wMI_anTatTion drocecurse v olacing the specinen oo 2%
zZ-ostznle "V-chzoed" Tlexiclass surgery tanle designed 1o

iy to prevant
v¥gicel eguipment were
scaked in 70% echanol prior To sizge=y, end The surgice. s te
swerzed with 3Betedine disinfectent. A 50-mm anterior-
posterisr inzision was made eppreximetely 30-mm anterior to
the pelvic firs, one-eighti oI body dizmeter lateral to the
midline.

The transmitter was then inserted pushing teward the
ancerior tesing & glicht reolling metion with the fingers and
Zollowine the ventre® portior of the lz*erzl body well. The
_nserted trenszmitier was moved posterior vmtil Lts posteric:s
incaision. This techrique was usecd TO LSeCrasss ChEhcEs

trinsmitier expulsicn and to relleve any Dréessure on Crgan

32T micht hizve occurred durxing inssrticm. The Incision Was

cLofed wigh €imple interrivied sutizes using TThilon™ 3/0
monofilsment nVLON SyYTire zTiached tTo 2 FE~i curved curtiag
meas_e. The inclsicn and SUTLIXes wWere Tohen sezlel woith
CYEZIICECTr¥_2T8 resin 1O prevent consaminsticon of the dneision
zrd 55 praevent sutire knot fantrs v-llowing susgery Zish



wers Tizced In oxygsnated river weisr to recover Zer
- - > | . Td T e = = - - i
BoproxireTely J0 min. Wils Ziszh uwssd for zZosl 1 owvsras relszses

end 20 mm in length, 2 g, transmitted &t 40 khz, ani wera
uniguely pulsse-coded. Estimeted life of the {ransmitiers wes
1Z months. TFish locz:tions were taken with 2 Scrotronics USE-

8. receiver with & dusi nydrophone zrrayv. ch were loczted

1 -

by iracking dow—siream z- boet velocities of 11 to -3 Jm/h.

~Iter in:iziz2l contact weas made, a series of additionzl passzs
were made to triangulate and fix the location of the fish.

= :

Location coordinates were then Taken using g differsntial

«Q
L
Q

bal positioning system, and the vosition was recorded on

U.S. Corp of Engineer Navigztion Charts. Depth wzs tzken by
sonzr anc surfzces temperzture was measured 27 each location a
tish was found. MacrohaklitaT type was dete-mined Zrom & &t
&S hebicet zlzagificati=ns (Table Iy

slassificeticns fncluded: n2in channel (MCL), main ciznnes

border (associaticn with én shoreline lacking curreat-

- —— -- - - aw LT & ™ pr, o g o — = - - = - . -~ -
ebscrycTting Iestures) (MC3) , immesdigztely upstream cf 2 winy zar
o e — 2= £ - o | T, LI -
(W2U), immediztelyv downstreazm o 2 wiag dam (WDD), tme wing

! 2m gxds of &n isilend tip (I . Beginnin g ia The
- T o0 - - - - - E o e - - —— - =
summer ¢ 1897, sibstrzte samples were tzken 2T points of

—
Iad
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pallid stiurgeor were using any civen macrchabitzt ocut-of-

proportion to its availznllity in the MMR, to examine the
efiects o Temperature and ciscnarge on habitat selecticn by
vzilic sturgeon in the MMR, and to quantify the crtserved hocme

rznces and movement pztterns of the pallid sturgesn in tos
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shown In some Zlshzs &t temperatures below 4 °C (Szmeshan st.
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Streuss’s linear selectivity index (I;) was chosen o

gxzmine habitat selection by pallid sturgeon in the Middle
Mississippi River. Strauss’s i=de: was more desirarls than
otner poriler selectivity indices, such as Ivlev's
elecZivity index, because it is not as susceptit’le to
szmpling bias wnhen the hzaritat type represents a saall or

minale proportion of all aveailakle harcitzts {Lechowic:

198

o

} . L. velues (Strezuss 1279%) were cezlculazed for =ach

v

mecrohablitet type using the Iczmvla:

where L. = Linear index vzlue, =

1
¥
Il
IS
a1
O
o
O
=
cl
I
O
o
8]
1=k
1o
ol
3

b =
v
(9]
Jore
vl
m
ol
’ ¥,
o |
4]
' ')
|
R
m
I ]
Q)
0
(4}
cl
|
(J
]
n
f\l
i
'
I
't
1{
o}
g
&}
i~y
f'1
l.—l‘
0
13
4]
I'h
5

TepYesentling TAancom USs of g MmECroNabiiET TYDE &nd nho
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selestion, &r se_sction ISy, the given hsbitzr while
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Eifacts ¢ Temperature &nd Discrarge
To examine the efifectis of temperzture, L. vzlues were

calculzted for sazch habitat for Zour temperature ranges (G-
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WeEe GEICEIEIEC Tox &eTh nzZliist Ior thieg gaily mIen
clscharge rangcss (Low, M2cim, a=d Righ) TRE ORW, SESizm,
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232 EE.EL dally mean cistchargs Icr =20 dzys &urizng tre
sempling perzzd. RLL discharze Zzz ware chzal=sdé Srzr Ths
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Z Cchi-=cuars gooChess-oI-I’T test was usecd te dezermine 3
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relocezlon irom the river wile at the upper-most relocaticrn.

- &bl

sTudy fish in additien tTe the calculazion ¢ 2 ¢=z2ad mean
orsarvad home rangs. Movemen:t pzitsrns were vosualized Tu
DIOTTIng the river mile 3T each relocastion egeirnst dzts IoT
each Iish,

Gozl Z — Observations on habitat of sturgeon spawning site

nezr Chester, Illinois
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substrate was sampled on two separate cay: once in spring (22
Zoril 1899) end once I early fell (27 Octobsr 1928). Toe

.1 subsirate sample was takern cue Lo cecncern, exiress=d by
The Lonc Terrm Resource Monltoring Program (LTRM2) steif at
Ceve Girardeslu, Missouri, thzt the site m:icht be cvertirdened
by sznd at low river stages (5.7 Ft KZIVD con 27 Octiszzer 1998 et

Chester, Zllinonis). Z“he subs

rete was sampled using the gez:

rt

described enove., On boin occasions thrss ¢xZzgs of

avproximately 50 m were msde within the purported site znd the
s.hsTzaT2 cnzracterized visuslly
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present. Each day of Zredge samz_ing covered & =izl ¢
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0 zadition samples of Ifish rresert over the pifziive

spewning sits were co_lectzd on the sars days using z Tramme.
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mnet. AT least three successiu. Arifts were made with the

Tremmal net. Each drift covered approxirziely 100 meter

n

g “rzmel net was 50 meters long with z 38 mm bar mesh

nmultifilament inmer penel and a 254 mm bar mesh mu_tifi
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and 14% of &ll contacis, resgectively. &1L other nabitats
comrrised pceiween 1% and 9% ol 211 reloczaticns (Tigurs 3).
Shesnizn et 8l. (2884, 18390) found ttazt =swimming gbility
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peiow 4 °C. TFor this rzescn, haZitat zsescietiors Zzr the
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Cnce winter temperat:rss rgsa z-zve 4 °C, study

sTuargecn were Ioung in assoclation with the MCL, MC3, WDIE,
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W22, 2nd ITD nebitats. However, tThne MCL (£2%) &nc the MCZ2
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(30%) together comprised 82% all re ons |(rigtre 3).
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below 20 °C during the spring months devizted Zrom those
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during the rszst of the yeesr. The MCL habitet, which was
of the relocztions during the spring |(Figure €&). Use of thse
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Jantary 1296 through 31 Decemper 2000 of “he study perlod.

Gozl 2 - Observations on habitat of sturgeon spawning site
near Chester, Illinois

The substrate samzles teken below the automorile prides
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Discussion
Goal I - Hazbi%at Utilization and Movements of

Sturgeon In the Middle Mississippi River

MCL. The study sturgecn weZe zlso oiten Zsund in assocliaztion
with The MC2 anc ths WDB macronabitats
Temperature >ec_me (-.e., cegson) thet this trend did not holcd
was during the spring months wnsh suriace water temperatires

Were at or zbove 10°C but below 2C°C. During these per-sis,

tne WDB nabitat was ussd most freguently. This wes the only

2 milzsg, 1T i1s dotbtitvl TthazT such z bizs wonld Zzvor the WDR
ZXEIs rEther ThEn heabitazts such zs the MCE. Therelcre, zhs
ingcrszzsed 232 ¢ W_E =zpizzis zgngd rsfduction in The use oI

WCL rgbitess Z.¥ite The $bring mowths L5 likely =23 2sFtr=":2
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ebout th2ir rcsoroductive behavicr. -If the pzillid sIiurgsorn
spawning period does occur during Sprring waTer tempersTivses

bezween 10°C and 20°C, then tisa srift -:- usiry WDOB habitets

over MCL =nd MCR3 hzbltats mey rezr=zsent zrezs used Ior

gpawning or staging by pallid sturgecna. Wnile n:s

biology (Dryver and Sandvol 1993), date suggests that pellid

sturxgeon are hybridizing with shovelnose sturcgecn (Carison
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. 1923, Sheehza et al. 1997z, Shechzan et .. 2%97b).

This nybridizetion points to the fzct that similar areas are

Ev¥eninaticn of shovelnose stirgeon reproductive kiology

snews that shevelnoss sTurgesn tyrically spawn aver rock,

cams (Mcoccs 1878, Eelms 1974). hovelnose spawning hekbitzr,
Therelore, Seems L0 22 distinetly diffsrent Zhen cheT Ln The

WOE =vezs ThRat =+ o S N e e o LR SR P s 5 XS
L5 elees LREC =228 Mooiply =43 [0 Y SRS INrg, wallii
SXLFCESCh PIOLLCE SGREEIVE eggsy gy &N SCTE TAMDE Tthix:

roclk oz graval WDE n=bitats, by contzast, Tyocically have
$20CV Lnstzkls suzgIrzes The incrzzsed uss cI WIS
LEeEITETS Suring The String does not EZppser T be zemslstent
with znferred spaEwning migrat.oons.
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CLXZYEDT CUTS away &t Lig s&rd sukstraisr,
exposing benthic invertebrztes common in ths pallid sturgeo
diet (Carlscn et z1. 18%£5), creating fzvorarbls fesding arezs
2n the WDB hebitexts.

The most livkely explzanaticn, however, mzy be that
z2llid sturgeon were using the WDB hebitets during nich
spring Ilcows as velocity refugiz. The WD3 areas mey provide

lower velocitiezs than the MCL a
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d MC3 areas that were more

commonly used than the WDB hakitat during the other sezsomns.
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Cheracierxistics proviaing & orime feeding srsa, much as the

MC3 may be during high river flows. River flows cut awey ==
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Table 3. MerisLic and Marphomelric measurements, and Characler index (Cl) values [ur
pallid slurgeon and pulalive hybrids captured in Lhe Middle Mississippt River during Year
5 and noul implankted with a sonic ktransmitbter. All measuremenbkts are in millimelesrs and
grams. OB = oulber barbel mean length, IB = inner barbel mean lenglLh, HL = heuad lenglh,
MIR — moulth Lo inner bnrhel distance, and IL = interrostrum length.

'in Ray CounlLs Venlral

SLandard Welght

Leng L (mm) (g) Cl OB/IB HL/IB HL/MIB IL/IB IL/MIB Amnal Dorsal 5Scules
559  J25.7 ~-1.58 2.04 7.35 5.00 2.98 2.43 39 27 None
562 635 0.06 1.40 5.16 5.16 2.13 2.13 26 23 Few
G180 952.5 -1.46 1.70 6.59 5.39  3.07 2.52 37 29 Few
669 097.9 -0.51 1.73 2.55 2.68 2.28 2.39 37 24 Fow
691 -0.35 L.79 5.11  5.11 2.05 2.0 35 24 Many
633 1224.7 =-0.39 1.77 4.56 5,00 1.85 2.03 34 25 Many
699 -0.55 1.58 4.89 S5.94 2.07 2.51 36 26 Many
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Introduction

Tiri sapplements the Z:indings reported Ior
MMR) Pallid

Sturgeor Zzbitat Use Project yvear i.ve annuzl pericrmance
report (Sheenan et a2l. 2001). Speciiically, this supplement
reports cur findings in regard to pallid sturgeon use of

river reacnes with bendw weirs in them.

Methods

Goal 1 - Habitat Utilization and Movements of Adult Pallid

Sturgeon In the Middle Mississippi River

Data describing locz:tlons where we found palillid
sturgeon in our habitat use study (Sheshan et al. Z0C1l) were
re-znalvzed to calculate & Strauss'’'s Zinear salectivicty

irndex (L.) (Strauss 1872) wval Zcxr use of bendwav-wslx river
rezch=as locataed 2a the studs garea. Tre formula uvsed for L.
W =X = D
whers 1Lz = linesr index value, ¥, = proportion of pallid
STUrgson locztéed witnin river reacones with bendwsy-wsiz
fielas, and p; = Droportion I ziver miles occupied by
szndwey-wesir Ilelis in th2 serg_e avez (see bDelow Zor
e Zrom

3] zigcn of oz serple area),

Jelinszzi



nakitat, Wheress & nNSJETive L: repreSsnts nSgeLive
selection, or selection againsc, a given nekbitet. A chi-

ormec to cetermine whether the

py pallid sturgeon was signilficantly different ifirom the
proportion o bercway-weir rfield river reachesz available in
the stretch of MMR stucd-ed.

Bencdway-welxy location and cons-ruction dates were
opteined Irom the St. Louils District U.S. Axmy Corn of

Zngineers oiZice (Brian L. Johnston, MVS), so thz=z bendway-

purpose o this an

w
—
b
1]
IJ
w

the pallid sturgeon Locations data
cset was rsztricted to toe portion of the rivaer traz- Yre-eived

the most tracring =£fiort, RAiver Miles 94 to .23 (Figure .).

_n ozher raiver rezcnes where bendwav weirs arve found, we do

oot believe we had sullicient sampling (i.e., trsciiag)

vily aliler e darLe Lhat 2 welr Iield was constructed. There
are two bendwav-wsir Zields within this sctretcn of ziver, §&c.
Genevieve (constructsd during Se

(construcied during January and February 12823). Tnese fields

zotzael Z2.Z miles ¢f the 20 river mi_es e-alyvcad, el il

\J
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sturgeon Iound anyvwnere within tThst 3.1 milss wesre considered

<O D8 UBANY RDSeAdWay-=WelIIs ITIVer recCles; sSinte Tisse
STructures =2ZIzIt I enIirs CXoss-s3=Cticn ol the rivar

Tre limegy selectivincy ingex (L:) valusz for bendway-weir

id rivex reaches wzs compared grebdpically with . values

l||

reperted for other mzbitat types id

‘see Sheenan et al. 200l). The habicet types were BwW =
enaway-we'r flelds, MCL = meéin channel, MC2 = mzin cleannel

pecréer, WDU = wing dam upstream, WDD = wing Gam downstream

WU = wing dam tip upstyeam, WTD = wing tip downstream, WDB

between wing dams, ITD = downstream island cip (Figure 2).

Results
Goal 1 - Habitat Utilization and Movements of Adult Pallid

Sturgeon In the Middle Mississippi River (addenda)

were within the river reaches occupizsd by the twe benawayv-

weilr Zields. o esssnce, bendway-welr reaches comprosed 1(0%
¢ the hadbitatz, &% 722..1id sturgson used that habitat &% o
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gocdneszs-oI-Iic tTest indicaced that the usée oI pendwayv-weilr

com -

Z:ield river rezches oy pallid sturgeon was not siganificantly
drilerent Zrom pendwey-weiyr Iield river rsach zvailabilicy
withisi the anaiyvzed strastch of the MMR (7 = 0.23, cxitizz.

uwe with 1 82 = 3,E14; &lpz

o
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P

3 by na’lid sturgeon within these

i
f4id
ti
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ct
m
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n
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reaches of river included MCL, MCB, ITD, and BWD. The study
gturgeon showed positive sslection for, In rank oxiex: MCE,
7D, WDB, and WOT nebitats. Thne study fish exhibited
negative selection Zor, in rvank order: MNCL, WDD, WDU, EBEWW

(Figure 3).

Discussion
Goal 1 - Habitat Otilization and Movements of Adult Pallid
Sturgeon In the Middle Mississippi River
Study pallid sturceon were loceted aporoximzately 8% of

the cime within the river reaches occuried by dencdway-we.r

were .sed, including tie MTL hebitaet. We have comnsistently

styeong avelcdance £ the MCL ranizar, z.thoigh they are olzen
- - -, [anl - S s e T 4 : 2 5 o .
fgznd I the MCL is apgerens eontradiction 18 Decause the
a7 (A PEe_ TSl R 4 - e K e B 2 A S A = e ol

MCL hesizeb s the preaominent (94%) hazbitat 1o river rescoss



25 MIL nabiz=z=
Zm o concluszion, we were uvnsble o a2mons
vallid sturgeon showa2d either == sczicn Zex

grpeay to afiect Zzkitat use In pa

Literature Cited

e
sisigT yivaE

Lechowicz, M. J. 1982, The samp..ng characteriskt_cs o:

glecrivity indices. QOecologia 52:22-30.

N. Jackson, and 2, Miller. 200

S. Wills, M.

< 30

~. Schmiagt.,

Middle Miscissippi

River Pallid Sturgeon Habitat Use Projec:.

and I_linoils Acuaculture Cernter,

niversity at Carbondale. Vear

Report. Carbondale, Illinois.

Imericen risaeries SociecTwv 108:

a

Southern

Fisheries

5 2n=al Performance

2na a oDroposed

mrznsactions of tre


http:se:ec~::..on

Ticure 1. Tracking elicytT exoressed as the fireguency that
g&Ch river mile in the s:uly area was tracked Zxom November
_235 througn Decemder 20U0.
120 -
! <«—— River Reach Analyzed
100 - 1o Determine Bendway
Weir Use
g 8O-
e |
: 1
o |
2
= 60 A
=g
.:E
€ 40 4
'_

— — - -~ -— — — — -— —_
o L] ~ un (=} P~ @« ()] o et o

- - - -
= [30] - uwH w ™~ [#a] [=:]
-— — -— — -— — — -—

River Mile



Figure 2, Habitat classilicazion scname used to describe
toe _ocazions of pailid scturgeon. MCL = main chznnel, MCB =
T2in chéenn=l border, DU = winz dam upsiream, WDD = wing dam

1

gam, WTJU = wing dzm Tip upstream, WTD = wing tip

downsty
tream, WDB = between wing dams, ITD = downsctream .sland

CovwTnis
Eha,

AN

® ITD
N e MCL

WDU WE)B e WDT N

® WDD

® MC

22



Tiouxse 3
= ean
N B

c
<

3

.
20
ove
SSL8C
s2

AR u;

— T e e
= mﬁ_-_

Eign
gccion
chenasl,
eam,

Toracss’s linser z=lsczivizy
habitat Tvpe ni zhe middle Mississipp:l
10C5 Through 3pEil 2001 Ppsitive
for & nzkitat wnile msg=ztl
ageinst 2 hebitec. 3BWW =
5 . .

m=in
WDD = wing dam downs:Ir=am,
WTD = wing tip downstreamn,
downsctream island tip.

BWW WDU

cnzex (1

Benauav Weiz

r

L.) ve_ues
Zivar Irom
ralues repressnt

ve valuss repressnz

Zielas, MCL
wing dam
wing Tip
bestween wing

EIE onh o S
NI =

S —
Sl

wWDD

Lz

MCB yrp WDB WDT

e
fad

MCL


http:re;>::.:.se

Appendix F.

Draft Report: The Use of High Explosives to
Conduct a Fisheries Study at a Bendway
Weir Field on the Mississippi River - U.S.
Army Corps of Engineers, St. Louis District
and Missouri Department of Conservation



THE USE OF HIGH EXPLOSIVES TO CONDUCT A FISHERIES SLRVEY AT
A BENDWAY WEIR FIELD ON THE MIDDLE MISSISSIPPI RIVER

Thomas M. Keevin, Gregory L. Hempen, Robert D. Davinroy. Roben J. Rapp
L.S. Army Corps of Engineers. St. Louts Distnct

1222 Spruze Street

St. Louis. MO 63303-2833

Michae] D. Petersen and David P. Herzog
Missourt Department ol Conservition
Long Term Resource Monitoring Program
Open River Field Stauon

3815 East Jackson Boulévard
Jackson, MO 63755

Abstract

Fish sampling in a deep-water, hgh velocity, environment 15 extremely difficult.
Cenventional techniques such as electro-fishing and nefting have been fimited 1o depths
generally less than 7 meters and velocities below | meter per secand.

The goal of our study was (o sample a bendway weir field on the Mississipps River to
assess the effects of the weir field on the fishers  In a bendway weir field, depths can
exceed 20 meters, and velocities can excezd 3 meters per sccond. making conventional
sampling techniques inefficient.

A 152-meter section over & bendway weir field was blasted using a series of 3.4 kg
churges of T-100 binary explosive. Prepuration for the blast (placing charges and catch
nets), took approximately 6 hours. A total of 217 fish wus cuptured. representing 12
different species. Freshwater drum (Apludinotus grunnier:s) dominated the catch
compnsing 35.3% of the total caich. followed by gizzard shad (Dorosema cepediaium)
(27.2%). and blue catfish ({cralurus furcatus) (16.6% ).

Introduction

Bendway weirs (Figure 1) are Jow-level rock structures designed 10 create a varnety of
improvements to the navaigation channel in the bendways (curved reaches) of large river
systems. They consist of a series of submerged rock dikes (> 3m below the low water
reference plane) constructed around the outer edge of & river bend. Each dikes 1s argled
30° upstream of perpendicular o diveri flow, in progression, Loward the inner bank.
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The structures are designed to redistribuic flow and sediment within the bends o reduce
or eliminate dredging requirements 1n niver bends by controlling point bar development
(Davinroy 1990). The redistnbution of flow produces safer navigaton condivons and
has significantly reduced the number of acciden's in each bend (Davinroy et al. 1998).
The channc) bottom aflected by the dikes s icreased structure and hvdravlic variation,
both posnive changes with respect to aquatic habital dyversity in the river bends. A major
challenge that faced fishery biologists was developing a methodology to sample fish
populations within the dynamic and turbulent bendways. In 2 bendway weir field, depths
can exceed 20 meters, and velocities can exceed 3 meters per second, making
conventiona! fish sampling tcchniques inefficient. Fish sumpling in such deep-water,
high velocity. environments 1s exiremely difficult.  Convenuonal techniques such as
elecurofishing and netting have been limited 1o depths eenerally Jess than 7 meters and
velocinies below | meter per second.

A deep-water sampling group was formed, made up of various interagency members,
including the U.S. Army Corps ol Engineers, the U.S. Fish aad Wildlife Service. the
Missoun Depaniment of Conservation, the [linois Department of Natural Resources. und
the University of Southern Ilhnois Department of Fishenes. The weam, comprised of
engineers und fishenes biologists, developed a deep waler samipling strategy that included
a combination of hydroacoustic surveys and blast fishing (Davinroy et al. 1998).

The use of explosives 10 collect fish is not considered a “standard" fish samphing
technique in the United States (INielsen and Johnson 1983). However, explosives have
been successfully used 1o conduct fishery surveys in a number of different aquatic habitat
tvpes (Table 1) and have been found effective in large nver systems where sampling is
difficult vsing conventional techniques (Forbes and Richardson 1913; Averett and Stubbs
1962; Hesse et al. 1979; Rasmussen et al. 1983).

The goal of our study was 10 sample a single weir at Price Towhead weir field, a
bendway weir field on the Middle Mississippi River. to determine the species
composition at the hendway weir using both hydroacoustics and blast fishing. The
hydroacoustc survey was conducied 1o provide quantitauve imformation on fish numbers.
location. and size: however, hydroacoustics does not provide information on the species
being observed. The blast Survey was conducted (o idenufy the lish species present at the
bendway weir. thus complimenting the hydroacousuc survey.

Materials and Methods

On 20 Sepiember 1995. a 152-meler section over a bendway weir (Mississippi River Mile
30.0) @t Price Towhead weir fhield was surveved with explosives to document fish use.

Explosive. IBLAST (Coastline Environmental Services Lid 1986). 2 fish mortality
model, was used to determine the explosive charge size required (o kill fish within 30
meters of the blast. The calculated charge werght was then increased by /3 (10 ensure
morahiy. Fish sampling blasts utilized 3 4 kg charges of T-.00 Two Component (gresn

| ]
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stick) explosive und initiated by two Atlas #8 instantaneous electnc blasting caps. Slurry
Explosive Corporation’s T-100 Two component 1s a water-resistant, Cluss A. mgh
explosive with a 1.6 relauve bulk suength equivalency to ammoniom murate and fuel oil
(ANFOQ). It has a detonation veiocity of 13 meters/second and a density of 1.2 ¢/cm3
(Slurry Explosive Corporation 1991).

A 12.2 mm steel cable was attached to a 680 kg anchor and a buoy on the other end of the
cable 10 keep the line taut. Five sucks of T-100 were attached to the cable 1.2 m above
the anchor. Two blasting caps were atlached to each explosive charge. A kill area of
30.3 by 91.5 m was divided into five cells of 30.5 (upstream-downstream) by 18.3 meter
cross current. An anchor/charge system was placed al the center of each cell. Thus. five
3.4 kg charges were set in place on 18.3 m centers along the center of 30.5 m upstream-
downstream areas (13.2 mi downstream of the weir toe) usimg a crane operated from a
work barge.

Fish Recoverv. Six chase boals and sixtv-eight catch nets were used to capture fish.
Each chase boat had a minirnum crew of three, a boal operator and two dip netters, The
catch nets each had a 1.2 m diameter opening and either 4.7 mm or 18.8 mm inch mesh.
The catch nets had a bndle wath & swivel chp to keep the net from fouling in the current.
Cateh nets were fastened to a 12.5 mm steel cable was attached to a 680 kg anchor and a
buoy on the other end of the cahle to keep the line taut. Cutch nets were at 3. 9, and 15
metcrs above the anchor.

Convenuonal Fishery Survev Methods. On September 26, 1995 trotlines, gillnets, and
hoop rets were deployed at Price Towhead bendway weir field for approximately 24
hours. Two 91.5 m trothines, each with 50-hooks bared with cut shad were set paraliel 10
the shoreline at River Mile (R.M.) 29.8 and R. M. 29.6. Two 45.7 m gilinets were set.
The first was set below the weir, parallel to the shoreline at R.M. 30.! and the second was
set at R.M. 29.8, parallel and downstream of the weir. Three hoop net sets, each with 4
hoop nets. were set at R. M. 30.5,5. 30.5 and 30.3, parallel 1o and downstream of the
weir. Each hoop net had a 1.2 m diameter mouth, two hac 37.5 mm mesh and two had
18.8 mm mesh,

Resulls

Aotal of 217 fish was captured using blast lishing. representing 12 different species
(Table 2). Freshwater drum (Aplodinorus grunniens ) dominated the catch. comprising
35.5% of the total catch, followed by gizzard shad (Dorosoma cepedianum) (27.2%). and
blue catfish (Ieralurus furcatus) (16.6% ). Mid-water caich nets and surface collections
produced similar total numbers of fish collecied. Ninety-nine specimens of ten species
were vollected in catch nets and 118 specimens of eight species were dip netted from the
surface ("floaters”). Species composition differed by capture method (Table 2. Fygure 2).
Four species. shovelnose sturgeon (Scaphirhvnchus platorvnchus). skipjack bernng
(Alosa chrysochloris), stonecat (Notwrus flavis) and freckled madiom (Notwrus
noctumus). were collected only in the mid-water catch nets. Two species. carp (Cyprinns

Lad
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carpio) and smallmouth buffalo (criobus babalus). were collected only in the surfice
collections. The mid-water catch nets were more effective than surface collecting in
samphing evzzard shad (38 vs. 1 specimen) and blue catfish (24 vs. |2 specimens). while
surface coliecting was more effective in collecting freshwater drum (73 vs. 2 snectmens .

The total length of sl) fish captured also vaned by capture method. Ninety-two perceni of
the fish collected (floaters) from the surface by chase boats were greater than 200 mm
total length. while 100% of fish co'lected in catch nets were less than 200 mm total
length.

Two freckled madtoms and two stonecats were captured in the mid-water catch neis,
Both of these species occupy the interstitial areas of the rocky habitat along the river.
Apparently. these two species were dislodged from the rocks by the blast.

Conventional fish collection techniques (e.g., trotlines. gill nets, and hoop nets) captured
eleven fish specimens representing 7 different species (Table 3), One blue catfish was
caught on the two troutlines. Four specimens of four species (1 gizzard shad. i carp. |
paddlefish. 1 sturgeon) were caught in @ill nets. Three species (3 flathead catfish, 2 hlue
catlish and 1 channel catfish) were captured in hoop nets.

Discussion

Hyrodaccustic studies (Kusua) and Baker 1996) have indicated that bendway weirs cail
increase the local abundance of fish in affected areas of the river chunnel by
approximately two-fold. Kasul and Baker (1996) conducled a pre-blast hydroacoustic
survey of 1he of the test weir tn the Prnce Towhead weir field. They detected 38 fish in
the area surrounding the weir and estimated the density of fish surrounding this weir at
2.003/ha. approximately twice the mean densitv of fish obtained from the entire weir
field (984/ha). Fish were found throughout the water column from near surface to near
bottom. More fish were detected along the channel-wurd ha' (‘of the weir than ulong the
shore-ward half. Inspection of echo detections also suggested thar in 6 of 8 passes over
the weyr, fish were more often found immediately downsueam of the weir than
immediately upstream of it.

Fish detected in the pre-blast hyvdrcacoustic survey (Kasual and Baker 1996) vaned in
size from approximately 3 10 96 cm. Eight echoes of fish that ware approximalely 50 cm
or larger were all found on the downsiream side or downstream base of the weir. Blast
fishing produced four species: blue catfish. channel catfish, drum and buffulo that exceed
50 ¢m total length.

Compunsons of fish densiues (number of fish per ha) between the hydroacoustic survey
and the blast survey are frmpossible. Fish monality is species specific (Ogawa et al. 1978:
Teleki and Chamberlain 1978: Guertner et al. 1994), size specific (Yelverton et al. 1975).
and undoubted|y depth specific. Because cach of these factors can affect fish mortality.
the kill radius for the test biast was not precisely known making it impossible to calculate
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fish densiry ai the weir. 1f J00% fish mortaliny occurs within a measured area (1.e.. a
small pond. lake. or netied off area 1 a larger lake., siream. or canal). then calculaung fish
density would have been possible. Howeve, the use of nets to completely enclose a
measured arez at the lest weir was impossible because of the water depth and high
velocities.

Published. incidental observations indicate that the number of dead fish floating on the
surface immediately afier an explosion does not represent the total number of fish killed
(Brown and Smith 1972: Coker and Hollis 1950: Gitschlag 1997; Ferguson 1962: Fiich
and Young 1948; Indrambarva 1949: Keamns and Boyd 1965: Knight 1907). The
proportion of "floaters” to the actual number of fish killec is species specific. but has
never been documented. Tn this study, species composition differed dramaucally with
respect lo the location of fish capture. Four species were collected only in the mid-water
nets while two species were cotlected only in the surfuce collections. The mid-water nets
were more elfective in sumpling gi1zzard shad and blue catfish, while surface collecting
was more effective in collecting freshwater drum. These resulis indicate that researchers
have to sample the surface (flou.ers), water column, and in slack water, the stream or like
botlom to obtain a total picture of species composition and density.

Conventional fish collection techniques (e.g.. trotlines, gill nets, and hoop nels) were
ineffective capture methods in the bendway weir field when compared with the blast
fishing. Eleven fish specimens were collected using conventional collection methods
compared with 217 by blast fishing. There were onlv two species (blue catfish, 3
specimens and Nathead carfish, 3 specimens) with more than one specimen collected.
The larger number of fish collected using blast fishing produced 2 better size distribution
of specimens to compare with the hydroacousuc survey data. Only 7 species were
collected using conventionsl techniques compared with 12 species taken by explosives.
One new species. the paddlefish (Polyodon spathula) was added 1o the species list by the
conventional samplhing. The most numerically abundunt species taken by explosives
(freshwater drum, 35.5%) was not taken by conventional sampling techniques. The gill
net set paralle) 10 the revetied shoreling became twisted in the high water currents and no
fish were collected 1n this net.

The shots did not fire flawlessly. Only the two shots nearest the shoreline (charges 1 and
) fired. An open circuit in down hine 3 1solated charges 4 and 5, which in ormn lead to a
10-minute firing delay for shooting charges 4 and 5. Charge number 3 was fired
approximately 3 hours later. The down line 10 charge 3 was severed after the circuit was
checked. when wiring the circuits together. The cut 1n the down line was likely due to:
abrasion by the skiff against the buoy: water-nome debns snagging the line. or, most
probably, the continued twisting of the buoy in the swift current pulling on the down line.
Explosive engineering also proved difficull in the deep water with the fast currents.

In August of 1994, an attempt was made to sample the same bendway weir field using
explosives. Capture boats and a 45.7 m long expernmental gilinet were deployed o
capture fish. The net was deployed downstream of the blast. Afier the blast the net was
gone. The ropes attaching the net 10 the unchor buoyvs had snapped in the high currents.

'
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The 1.2 m mouth opening caich nets used during 19935 sampled only a small fraction of
the water column bejow the bendway weir Deplovment of large gill nets would have
sampled 4 much larger portion of the water column than possible with the catch nets. I
mav be possible to design cilinets to withstand the high currents and mcrzase cutch
efficiency Because of the high current, small mesh sizes may be impracucal. Although
more fish may be capured. they may be larger specimens. Another potentisl sumpling
method would be 10 drift expenmental gill nets between two boats that are moving
downstream slower than the currents. Should additional bendway weir blast sampling be
conducied, it is recommended that the drifi net capture method be tested and nets should
be speciudly designed o withstand the high water velocities, thus increasing catch.,

The resulis of this stvdy indicate that hlast sumpling provided an effective technique to
sample the bendway weir field when combined with the hydroucoustic survey. Blast
sampling provided species composition data and the hvdroacoustic survey provided fish
location, densily. and size data. Fish species composition and density data would have
heen impossible to obiain using conventional {ishery techniques.
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Table 20 Fidh specics collected using cateh nets (mid-water collection) and chase boats (surface collection) during blast sampling ol
the Price Towhead hendway weir.

Species Catch Nets Chase Boals Total
(Mid-Walter Collection)  (Surface Collection)

Shovelnose sturgeon (Scaphithiynchuy platorenels) | 0 |
Gizzard shad (Dorosoma cepedianim) 58 | 59
Skipjack herring (Alosa clirvsochloris) 2 0 a
Cam (Cyprinus carpio) 0 Li Il
Smallmouth bulTalo (lctiohus babalus) 0 O 6
Stanecat (Notariy flavis) 2 0 2
Freckied madtom (Notwras nocrirnns) 2 0 2
Dtathead catlish (Pylodictis olivaris) 4 9 13
Channel catlish (feralurus pinetads) 3 2 5
Blue callish (leralurns furcaris) 24 12 36
Guldeye (Hiodon alosoides) | 2 3
Freshwaner deam Aplodinatus grunniens) g 75 77
Total 99 118 217



Table 1: Published studies ol lishery surveys employing explosives as a sampfing method.,

Jubitat Sampled

Large Rivers

Upper Hlinois River
Clark Fork River
Fhawvassee & QOcoee Ravers
Blackwater River

Niohrara-Missour River
Upper Mississippi River

Small Streatis
Salmon shreams
Stillwater Creek
Cunaly

Canal systems

Inmpoundments

State

inois
Maonlann
Tennessce
Florida
Nebhraska
lowa/lllinois

Oklahoma

Flonda

Flonda
MNinois

Explosive Type

dynamile
dynamile
dynamile
dctonating cord
dctonating cord
detonating cord

dclonaling cord
delonaling cord

detonating cord

detonating cord
detonating cord

Authors

Forbes & Richardson 1913
Averell & Stubbs 1962
Stubbs 1964

Buss & Hin 1977

1lessce et af. 1979
Rasmussen el al. 1985

Plalls 1974
Layher and Maughan 1984

Melzger and Shafland 1986

Melzger and Shafland 1987
Baylcy & Austin 1988



Table 3. Fish species collecting using conventional (trothnes. ill nets hoop nets) donng
sampling of the Price Towhead bendway weir,

Species Number Total Length (cm)
Trotlines

Blue catfish Vlctalurus furcatus) | 19.0

Gill Nets

Shovelnose sturgeon

(Scaphirhvnchus platorynchus) } THD
Paddlefish (Polvodon spaliula) 1 23.3
Gizzard shad (Dorosoma cepedianum) 1 19.0
Carp (Cyprinus carpio) ] 19.0
Hoop Nets
Flathead catfish (Pvlodiciis olivaris) 3 range  24.2-40.8
Channel catfish (/¢talures punclaiux) 1 68.8
Blue catfish ({cralurus furcarus) i 38.1.44.0
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Figure L. INustration of a lowboat passing over a bendway weir field.



Appendix G.

Wood Structure Meeting Summary,
November 2000 - U.S. Army Corps of
Engineers, St. Louis District.



Results of the St. Louis District Corps woody structure meeting 11/30/00

The Corps of Engineers. St. Louis District held a meeting on 11/30/00 o discuss
the placement of woody structure inio the Mississippi River. Present were the
Corps, IDNR, and the USFWS. MDC was invited, but unable to attend.

Background information

Our partner agencies have asked the St. Louis Corps to examine ways 1o
incorporate woody structure into our Mississippi River operation and
maintenance program. Following that request, the St. Louis District has explored
options to both obtain and utilize woody siructure in our programs.

The Westvaco Corporation has ofiered the St. Louis District wood from its cull
pile. The cull pile contains trees that were rejected by the lumber mill because of
the presence of metal. The cull pile contains large. skinned (no branches) trees
of varying sizes. The pile is located at the Westvaco plant in Wyckliffe, KY, about
a mile off of the Mississippi River, and just below the confiuence with the Ohio
River. Westvaco has loading facilities on the river.

Westvaco cull pile

The St. Louis District intends to have culled logs loaded onto a fiat barge at the
Westvaco facility and transported the District Service Base prior to use. This
activity is expected to take place in place in early 2001.

Meeting results

At the woody structure meeting, it was decided o begin placement of wood
structure as soon as possible 10 determine what methods will work, or not work,
for placing wood in the river. We have initially decided 1o build two types of
structures, a modified pile dike and bundled log structures. A lot of what these
structures will look like will depend on what is possible once the work crew is
mobifized and out on the river. Work is expected to commence socn after the



logs arrive from Westvaco, likely in January or February 2001. This work wiil be
conducted under our Avoid and Minimize program.

Modified pite dikes

The modified pile dike will hopefully look something like the following:

O O O O
O 0O O

in this configuration logs, or a group of l0gs, are driven in a patiern that allows
them to collect debris while still functioning a dike. These siructures are planned
for two sites.

The first work site will be in the dike field between dikes 164.9 and 165.1. This
site will service as the testing site 1o see what is possible when driving logs (Can
we drive these logs? If so, what size of logs can we drive? How close together
can we drive them? How tar down can we drive them? efc.,).

Once it has been established what js “doable”, we intend move downstream and
place an unrooted dike at about 163.8R near the head of the sandbar, This site
was chosen by the group because we felt that placement here would collect
debris and also push flow around the backside of the sandbar, helping to isolate
the sangbar from the bank.

Log bundles

The District will also be constructing individual log bundle structures and placing
them in the river. These log bundles will be constructed on-site by cinching
together a number of logs. Once cinched, these logs are expected o splay out,
creating a structure similar to a logjam. These bundles will be held in place with
the same anchors rocks used 1o hold channel buoys in place.

Log bundle structure
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Log bundles will be placed at two sites, behind the L-dike at rm. 165.65R and in
the back end of a scour hole below dike 157.3L. It is expected that a series of
bundles will be placed together at each site to form a log jam struciure. These
two sites were selected bacause one represents a shaliow placement and the
other a deep placement of the structures.

Monitoring

Pre- and post-construction surveys will be done at all sites. This work will include
depth, velocity, and hydroacoustic fisheries measurements. Pre-construction
surveys will be conducted in January. Post construction biological monitoring
work will also be conducted to assess the impact of the structures. The
structures will also be assessed as to how well they function as river training
devices.

Future correspondence

The St. Louis District will inform our partner agencies in advance of survey work
and the actual placement of the structures. We have encouraged our partners to
participate in the monitoring effort and to be present during the placement of the
structures. As this work is new to all of us, having our partners on site to provide
input on the placement of these structures is important. The Corps point of
contact for this work will be Brian Johnson. Brian can be reached at 314-331-
81486.

12/5/00
Brian Johnson



Wood to be used for the woody structure project, loaded on the District barge.
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Note the Jarge cavities in some of the logs.
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Dike 53 Physical and Biological Monitoring
Trip Report - U.S. Army Corps of
Engineers, St. Louis District.



A&M Trip Report
Dike 33 monitoring

Sample Date: 18-20 January 2000

Purpose: Conduct pre-modification momtoring of an existing dilie (RM 33.0L) This work is
bemg completed under Avoid and Minimize imeasure A-16, dike configurution studies. Post-
construction monitoring of the dilic is also planned to determine the effects of the modification

Participants: Sampling was conducled on the M.V. Bover and in cooperation with the Missoun
Department of Conservation LTRMP station in Cape Girardeau. MO. Present from the Corps
were Briar Johnson, John Naeger, Joe Burnett, and Eric Laux. Present from the Missour
Deparunent of Conservation was Mike Pelerson, Dave Herzog, und Dave Ostendorf.

Summary: On 18, 19. and 20 Janvary 2000 we collected melu-beam bathymelry. velocity. and
hydroacoustic fishenes data at an existing dike located at RM 33.0L. As construcied. the dike
extends 600 fL. into the river and has an elevation of + 15 (1. LWRP (310.48). The dike. which
extends tnio the navigation channel and is considered a navigation hazard. is scheduled for
modificution during the spring of 2000. Several modification aliernatives have been discussed.
including removing the last 300 ft. of the dike. lowenng the entire dike down to —12 ft. (creating
a weir), or lowering the last 300 fi. of the dike 1o —12 fr. while leaving the rest of the dike intact.
Rock removed from the dike will be placed on the bank above and below the structure.

To colleet hydroacoustic and velocity data, fosty-seven transects were 1un crosscurrent over the
area, each approximately 30 ft apan. Velocity and hydroacoustic data were collected at the same
time. Hydroacoustic data were collected using a split beam 208 kHz transducer. with a Jower
threshold of -70.0 dB. a pulse width of 0.2 ms, and a1 a rate of 7 pings per second. Differenual
Global Positoning Sysiem (DGPS) coordinate readings and depth readings were taken
continually along each transect. Boal speeds were between 2.5-3 knots. The water temperature
was 39°F. Sampling cunditions were excellent. Transects were numbered from downs:ream to
upsticam. Data sheets (6) were completed on-site. Hydroacoustic and velocity data were
collected on 19 January 2000. Mulu-beam bathymetry was collected 18 January 2000. A
huthvimetry map of the site is attached.

Results of the bathymetnic survey show the presence of two holes below the dike. One hole
extends behind and riverward of the up of the dike. The second hole, which appears 10 have
been created by the plunging action of water overtopping the dike. is Jocated outward from the
1oe of the dike. The hydroacoustic and velocity resulis have not been analyzed yc(, but Feld
observations showed a lurge number of fish using the enure area behind the dike. with the
mionty of the fish using the inside nole. Velocities 1n this area appear to be between 0-2 fi per
second. A copy of the hvdroacoustic output from wansect 22. through the 1wo holes, and & copy
of the hydroacoustic output sampling downstream through the inner holc is attached.

On 19 January 2000 the Missourn Department of Conservauon set four expenmental gill nets
(mcsh openings ranged from 1-3 inches) below the dike. Euch 300-ft. net was sel on the bottom.

1
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Coverage wag likely himiad Lo the bottom six feet on the waier column. These nets wers
rewieved on 20 Tangary 2000. Two nets were setin the inner hole. perpendicular 1o the bank. one
net wits set perpendiculur to the dike on the ridge berween the twa holes, and one nel W as sct
perpendicular to the tip of the dike. Ninety-one fish were callected in the mside hole. The
collection included 81 shovelnose sturgeon. 3 paddiefish. 3 blue catfish, 3 sauger. and 1 goldeye.
Twentv-five fish were collecied on the ridge between (he two holes. All 25 were =turgeon. One
appeared to be u shovelnose sturgeon/pallid sturgeon cross. Ten fish were collected in the net set
off the dike tip. This area likely had flows higher than either of the other net set locations. The

10 fish included 4 paddlefish. 4 blue catfish. and 2 shovelnose sturgeon. Lengths were collected
on all fish. Results are antached.

The fisheries data for this project are being analvzed by Aquacoustics. Inc. Detailed bathymetric
and velocity imaps will be ereated by ED-S. This information is being compiled and will be
presented in a more complete reporl upon receipt.

Submitted 26 January . 2000

BRIAN JOHNSON

Fishery Biologist

Planmiing, Programs, and Project
Management Division

Environmental and Economics Branch

Environmental Section
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Figure 2. Hydroacoustic transect 1147 at dike 53 illustrating fish location. Transect
location is shown in red on the map.
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Appendix I.

Middle Mississippi River Side
Channel Vision - U.S. Army Corps
of Engineers, St. Louis District.
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MIDDLE MISSISSIPPI RIVER
SIDE CHANNEL REHABILITATION AND CONSERVATION VISION

A. INTRODUCTION:

The Middle Mississippi River, for the purpose of this document extends from the
tailwater of Melvin Price Locks and Dam down to the confluence of the Ohio River. The
correct description of the Middle Mississippi River is that it extends from the mouth of
the Missouri River to the mouth of the Ohio River. However, since we have elected to
look at the area directly above the mouth of the Missouri, to include the Maple [siand
side channel, we have modified the historic definition to include this area.

A.1 BACKGROUND:

Side channels are a critical biological component of the Mississippi River, Most
side channels within the MMR lack bathymetric diversity and tend to be somewhat
homogenous, containing relatively few scour holes and flat, high elevation channel
inverts. There is a critical need to rehabilitate and conserve these critical aguatic habitats.
The purpose of this plan is to address the environmental health of the side channels of the
Middle Mississippi River and to assure the continued accrual of benefits they provide to
the system.

This plan outlines, in concept, actions that may be required at each side channel.
Not all side channels require a Jarge investment of resources, some require only
monitoring at this time. Others, however, require substantial investment of resources to
restore their health and proper functioning within the MMR system. Engineers within the
Corps have an excellent knowledge base of the hydraulic processes in place and the
engineering expertise and tools necessary to modify most of these processes. The
Missouri Department of Conservation, the Illinois Department of Natural Resources, the
Fish and Wildlife Service and Corps biologists have the expertise necessary to describe
the desired conditions in the individual side channels and to verify conditions prior to and
immediately following rehabilitation actions.

Individual side channels may be enhanced through land acquisition for
reforestation, to reestablish the natural ridge and swale bottornland topography, to
reconnect a portion of the floodplain to the river, to regain cut bank habitat, to provide
public access, recreation and educational purposes. Some of the prescriptions within this
plan call for reforestation and reestablishment of the ridge and swale system. In most
cases, the adjacent Jand is not currently in public ownership. In some of these areas it will
make management sense for an agency to acquire these lands through existing
authoriues. In other areas, it may make sense for other non-government organizations,
concerned citizens or private industry to acquire these lands and, where possible, achieve
the enhancement benefits through voluntary cooperative agreements. Still other areas
may see this enhancement opportunity put on hold due to management concems.
unwilling sellers, and so forth. Where land acquisition may be involved to complete the



overal] prescription, the planning team will discuss the individual area and proceed as the
situation warrants.

This is truly a cooperative effort. No one agency can accomplish everything that
15 prescribed for the side channels. By appropriately combining the authorities and
resources of the Corps of Engineers, llinois Department of Natural Resources, Missouri
Department of Conservation, and other interested Federal and State agencies. the basic
plan can be accomplished.

This plan i3 envisioned as an ongoing effort, subject to review and revision as
necessary. At a minimum, this review and revision process will occur annually.
Environmental concerns exist over the entire MMR. In addition to side channels, the
main channel, main channel border, sand/gravel bar, riparian corridor, and other habitats
along with system wide problems such as erosion, sedimentation, development, forest
fragmentation and water quality must be programmatically addressed. To that end, we
support and will participate in the development of a comprehensive plan to address the
MMR in a systems wide approach. The side channel plan will be incorporated into the
comprehensive plan and will cease to exist as a separate entity at the time the
comprehensive plan is approved.

A.2 COOPERATION:

Since the mid 1960’s the Corps of Engineers has been working with the Illinois
Department of Natural Resources, the Missouri Department of Conservation, and the Fish
and Wildlife Service on management of the Mississippi River within the St. Louis
District. Our early efforts were concentrated on regulatory works and dredging activities.
These early efforts were not always pleasant and success, by anyone’s’ standard, was
tenuous at best.

The more time we spent together, the more we made an effort to teach ourselves a
common language. Engineers, Biologists, and Foresters do not always use the same
vocabulary and we recognized that some of our frustration was coming from
communication problems. We also took the time to share and learn what each of our
agencies missions were and what is required to continue to meet these missions. We
shared our visions of the future for the Mississippi River and began to discuss actjons that
would help us achieve some of our common goals. The advent of the Avoid and
Minimize program (A&M) and the Environmental Management Program (EMP) helped
to focus our efforts. Not only do we continue to discuss beneficial actions, we are now
able to physically put some plans in place and monitor for results.

As we began to discuss results and continued to look for opportunities to
rehabilitate habitat, we gradually began to look at the river as a system rather than a
collection of isolated reaches. This is particularly true of the Middle Mississippi River
(MMR) where we do not have the constraints of navigation pools to interfere with our
vision. The more we began to look at the MMR, the more it became apparent that the



most critical part of the overall habitat that needed attention was the side channels.
Instead of dealing with each side channel as a separate entity in the traditional manner.
we decided to take a systems approach. In furtherance of this idea, we have developed an
overal] action plan that addresses individual side channels in the context of addressing
this habitat type over the entire MMR system.

B. AUTHORITIES:

This is a large project. It is unlikely that al) features within a side channel will be
built using just one authority or the authonties of a single agency. Tt is also probable that
not every action will be completed within a side channel prior to moving on to other side
channels. In essence, the requirements for any given side channel may be accomplished
using different authorities for each feature and may be staged over a number of years.
Therefore, this project should be considered a process rather than the result of one
contract and one authority.

B.1 CORPS OF ENGINEERS:

The Corps of Engineers is responsible for developing, operating and maintaining
the Nine-Foot Navigation Channel. The Corps has the responsibility to accomplish this
mission in an environmentally sound manner. The following documents and laws are the
most germane to the management of the Middle Mississippi River. A complete list of
authorities can be found in the Rivers Project Master Plan.

Regulating Works Project, Mississippi River, Between the Ohio and Missouri Rivers.
Rivers and Harbor Acts of 21 January 1927.
Rivers and Harbors Commission Document No. 9. 69™ Con gress, Second
Session 3 July 1930.
Rivers and Harbors Commission Document 12, 70™ Congress, First Session.
Vegetative Management for Corps Projects
Forest Conservation Act (PL 86-717)
Cost Sharing for Enhancement of Fish and Wildlife (Sec. 1135)
Water Resources Development Act of 1974 (PL 93-251)
Non-Game Fish and Wildlife Management
Fish and Wildlife Conservation Act of 1980 (PL 96-336)
Establishment of the Environmental Management Program (UMRS Management Act)
Water Resources Development Act of 1986 (PL 99-662)
Restoration of Environmenta} Quality, Ecosystem Restoration, Beneficial Use of Dredge
Material, and Cost Sharing for Environmental Projects (amends Sec. 103 of WRDA 86)
Water Resources Development Act of 1996
Reauthorization of EMP and Establishment of the Missouri and Middle Mississippi
Rivers Enhancement Project.
Water Resources Development Act of 1999 (PL 106-53)
Other Authorities as they become available.




The different program authorities that are authorized in the above listing, include:
Maintenance Dredging Program
Channel Improvement Program
Channel Maintenance Dike and Revetment Program
Avoid and Minimize Program (DM 24)
Upper Mississippi River Environmental Management Plan - Habitat
Rehabilitation Project, reauthorized in Section 509 of WRDA99
(cost share may or may not be required)
6. Missouri and Middle Mississippi Rivers Enhancement Project, authorized in
Section 514 WRDA99 (cost share may be required)
7. Continuing Authorities Programs (historically cost share required)
a. Section 206 — Aquatic Systems Restoration
b. Section 207 -- Beneficial Uses of Dredeed Materials
c. Secuon 1135 - Project Modification for Improvement of Environment
d. Section 204 — Restoration of Environmenta} Quality
These auihorities are detailed in the Rivers Project Master Plan.
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B.2 ILLINOIS DEPARMENT OF NATURAL RESOURCES:

The Department of Natural Resources Act (Act 801), section 801/25 effective 1
July 1993, transferred all the powers of the Department of Conservation to the
Department of Natural Resources. For fish and game conservation, IL DNR is
empowered to “take all measures necessary for the conservation, preservation,
distribution, introduction, propagation, and restoration of fish, mussels, frogs, turtles,
game, wild animals, wild fowls and birds.” Specific authorities which may apply to
cooperative projects with other states or with federal agencies on the Middle Mississippi
include:

Transfer or acquisition of realty Act 805. Civil Administrative Code of 1llinois

Contract with local governments to construct boat ramps Act 805.

Expend monies from the Park and Conservation Fund for conservation Act 805.

Enter into agreements with federal agencies to effect cooperative undertakings in
conservation of wildlife Act 805. '

Cooperate with other departments and agencies in conducting surveys, experiments, or
work of joint interest or benefit Act 5. Fish and Aquatic Life Code

B.3 MISSOURI DEPARMENT OF CONSERVATION:

The Missouri Department of Conservation (MDC) has authority given in the Stale
of Missouri Constitution to manage the State’s forest, fisheries, and wildlife resources to
preserve and enhance these resources for existing and future generations of Missouri
citizens. The following authorities may apply in future cooperative projects between the
Missouri Department of Conservation and the St. Louis District:



Serve as non-federal cost-share sponsor on Section 1135, 206, and Environmental
Management Program (EMP) habitat enhancement projects.
Water Resources Development Act of 1986 (PL-99-662).
Provide environmental comment on Corps Regulating Works Projects
Fish and Wildlife Coordination Act.

Enact collaborative research with St. Louis District on middle Mississippi River species
of concern. MOU between MDC and USGS to establish and operate an open river
field station.

Authonity to acquire and manage public lands for forestry, fisheries and wildlife
enhancement. Missoun State Constitution.

Provide financial assistance to river front communities to construct river access ramps.

MDC’s Communities Assistance Prosram

C. PROJECT DESCRIPTION:

C.1.1 GENERAL:

The following opportunities have been identified for rehabilitating or creating fish and
wildlife habitat along the Middle Mississippi River from Lock and Dam 26 to the mouth
of the Ohio River at Cairo, Ilinois:

1. Rehabilitate and or creating side channels at sites where levees exist. Individual
projects will be selected on a case-by-case basis by the partner agencies participating in
the Middle Mississippi River Side Channel Rehabilitation and Conservation Project.

2 Where the opportunity exists establish annual flow connectivity between the river and
its floodplain. This component of the MMR side channel project may be achieved by
identifying and securing flood easements or fee title to sites compatible with this project
objective.

3. Increase wetland diversity along the MMR. To accomplish this it will be necessary to
establish hydraulic connection between the river's main channel and selected semi-
permanent wetlands while leaving other semi-permanent wetlands unconnected to dry
annually (e.g., especially in the vicinity of known heron rookeries).

4. Seek opportunities to restore and create a portion the hard mast component of the
bottomland hardwood forest through the use of innovative silvacultural practices, such as
constructing dredge spoil ridges 10 improve tree root aeration, establishing grass cover for
weed contro) (e.g., plant redtop), and planting containerized trees.

5. Determine feasibility of creating an island/side-channel complex within river mile 80
to 100. Similarly consider other open river areas for island/side-channel creation.

6. Identify chronic dredging areas that may provide the potential for sandbar or sand
island creation. Assist in increasing the St. Louis District’s capabilities, through



acquisition of new equipment and improved material handling and placement, to create
artificial habitats through the use of dredge material.

7. ldentify and concentrate habitat enhancement efforts on side-channels with the
greatest need for habitat improvement(s), while relegating others to a lower priority. Be
prepared to accomplish lower priority work prior to higher priority if it should become
expedient to work on a particular side-channel first.

8. Provide off channel/wintering habitat for fish and other aquatic organisms at regular
intervals within the MMR. Adequate habitat should be, at a minimum, nine feet deep.

9. Idenufy side-channels where woody structure is needed. Following site identification,
develop and implement a plan incorporating a variety of designs such as trees, piles,
combination of piles close to shore and rock on ends, etc., to install woody structure
within open river side-channels.

10. In order to reduce or avoid industries’ effects on off-channel areas it is important to
establish communications between industry and state and federal agencies charged with
environmental management along the Middle Mississippi River. This is especially true
as it relates to the St. Louis Harbor and other areas of industrial development. An
example of a successful initiative on the navigation pools involving river navigation and
resource biologists is the “Biologist-on-Board Program™.

11. Establish and expand riparian corridors along open river off-channel areas. To pursue
this it will be necessary to identify lands adjacent to off-channel areas that are enrolled in
the NRCS Wetlands Reserve Program, in public ownership (FWS, FS, COE and States),
or controlled by not-for-profit groups such as American Land Conservancy or Trust for
Public Lands.

12. Tn order to conserve, rehabilitate and or create habitat necessary to sustain life
requirements of Federal and State listed threatened or endangered species along the open
river it will be necessary to identify spawning, nursery, nesting, foraging and roosting
areas for species such as the Bald Eagle, Mississippi Kite, pallid sturgeon, interior least
1em, etc.

C.1.2 GOALS AND OBJECTIVES

The following is a list of the preliminary goals and objectives of this effort. This list may
be modified or amended as this effort proceeds.

1. Provide over wintering habitat every 5-7 miles in the MMR

2. Provide off channel habitat every 5-7 miles in the MMR (may or may not coincide
with point | above).



3. Increase the amount of riparian commdor and adjacent flood plain covered under the
plan by approximately 200,000 ac. This increase would come from conservation
gasements, cooperalive management agreements with state agencies, counties,
municipalities, non-government agencies, industry and private landowners, as well as
purchase of fee title by the states of 1llinois and Missour and the Fish and Wildlife
Service from willing sellers. Restore a portion of the forested riverine habitat and provide
limited flood plain connectivity on these lands.

4. Maintain connectivity and small craft access to the side channe] areas.
5. Provide public access to river resources every 10 miles on average. The Corps. the Fish
and Wildlife Service, states of Ilinois and Missouri, counties, municipalities, various

associations, private corporations, and non-government agencies would supply these
accesses.

C.2 PHYSICAL AND BIOLOGICAL REQUIREMENT:

These are the preliminary considerations used for framing the MMR Side Channel
Rehabilitation Project. As the project continues, these points may be modified, expanded
or contracted as the situation warrants. In support of the Navigation Study Upper
Mississippi River Environmental Management Program, information developed under
this enhancement project will be supplied to the Habitat Needs Assessment and the O&M
Biological Assessment Tier I teams as appropriate.

Each side channel of the open river is unique possessing different physical and biological
characteristics requiring different management actions to conserve, rehabilitate, or
enhance its habitat quality. The following is a partial listing of physical and or biologijcal
requirements necessary to sustain, enhance or create side channel habitat, and a sampling
of tools/actions that may be used to address these requirements. This list is not intended
to show every requirement or tool/action that may be used. It is important to note that
several of these jtems may be necessary 10 address an individual side channe] or area of
the open river.

Need/Requirement Tools/Actions

Flow Sinuosity Use of hard points, short dikes, wooden pile dikes, rootless
dikes, etc.

Depth Divessity Notch dikes, siepped dikes, round points, dredging, etc.

Connectivity-Side Channels Notch closure structures, experiment with different designs
of closure structures, dredge in lower 1/3, etc.

Connectivity-Wetlands Reopen ridge and swale system, remove sediment deposits
at ditch/tributary opening, etc.
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Woody Structure Use pile dikes. cut trees and cable down, wooden cribbing
weighted with stone, build hybnd dikes with trees and
limbs intermixed with stone, etc.

Hard Mast Restoration Use dredge spoil to build ridges and plant trees, open
existing forest cover to release advanced regeneration, eic.

Interior Sedimentation Work with NRCS and adjacent landowners to reduce

Reduction erosion, leave sediment plugs in at drainage ditches and
feeder creeks, reopen ridge and swale system in interjior
wetlands 1o acl as sediment trap, etc.

Side Channel/Island Innovative experimental dike design and modification,
Creation strategically place dredge spoil in a dike field, build
chevron dikes and use for dredge material placement, eic.

Cut bank Identify areas in public ownership where cut bank habitat
can be developed. Use hard points, short dikes, wooden
pile dikes, etc to direct flow toward unprotected banks to
encourage erosion and development of cut bank/deep hole
habitat.

C.3 PHYSICAL AND BIOLOGICAL MONITORING

The physical and biological monitoring is based on the existing protocol established by
the USGS Open River monitoring team. This protocol will be modified as necessary and
as more experience is gained. The following js a quick Jook at the existing protocol.

Monitoring/sampling to begin one year before construction and end one year after
Construction.

Pre and post construction bathymetric surveys and substrate evaluation
(technology on MVS Boyer is adequate).

Sample the fisheries community once per season using multiple gear arrays.

During fisheries sample, collect water quality data (dissolved oxygen, water
Temperature, conductivity, turbidity, and velocity from surface and
bottom).

Limnological monitoring/sampling on same level of resolution as fisheries
community sampling. Establish upper, middle and lower monitoring
stations in deep water locations. The following will be collected,
dissolved oxygen, water temperature, pH, and conductivity. In
addition, chlorophyll-a will be taken at each station from the surface.
At a minimum, these profile data will be taken seasonally.

Monitoring of invertebrates will not be included at this time. The importance
of invertebrates is recognized, however, at this time we do not
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understand the ecological/biological relationships between invenebrate
fauna and the environment of the Mississippi River. As this knowledge
is gained, we wil] include monitoring as appropriate.

C.4 INITIAL RANKINGS:

After initial reconnaissance and evaluation, the existing major side channels are grouped
by priority: High, Medium, Low, Further Investigation, and Monitor. These rankings may
change based on the workings of a dynamic river system.

HIGH PRIORITY (needs attention now and good value for effort):

W b0 b e

Salt Lake Chute (RM 139.5-136.0L)

Fort Chartres Chute (RM 134.3 - 1322 L)

Establishment Chute (132.5 - 130.0 R)

Jones Chute (RM 98.3 -94.9R)

Crawford Chute (73.9-71.5L)

Buffalo Island Chute (26.3 - 24.5 R)

Area between RM 98.2 and 73.8 (no side channels, islands, or off channel
habitats).

Marquette Chute -plans and specs ready, awaiting constroction (RM 51.0 -
47.0L)

Schenimann Chute — plans and specs ready, awaiting construction (RM 62.5 —
57.0R)

MEDIUM PRIORITY (existing conditions not critical good value for effort):

L.
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Maple Island (RM 198.5 - 200.8 R)
Mosenthein/Gabaret/Chouteau side channe] (RM 185.1 — 189.0L)
Atwood Chute (RM 161.5-160.8 L)

Calico Island Chute (RM 148.2 - 147.1 L)

Osborne Chute (RM 146.3 — 144.1 L)

Picayune Chute (RM 60.8 — 54.7 L)

Liberty Chute (RM 103.0-100.0 L)

LOW PRIORITY (area in relatively good shape little or no action required):

l.

2

Moro Chute (RM 122.6 - 120.0 L)
Beaver Island/Horse Island and adjacent channels (RM 117.9 R)

FURTHER INVESTIGATION (observe different water conditions, ownership, etc):

NOU R W~

Arsenal/Cahokia Chute (RM 176 L)
Beard/Carroll. ] B Chute (RM 167.7 - 166.5 L)
Crain's Chute (RM 105.2 - 104 4 R)
Billings/Powers Island (RM 31.2 - 35.6 R)
Thompson Chute (RM 15.7 R)

Sister Chute (RM 144 -11.9R)

Boston Bar Chute (RM 10.2-761L)



8. Angelo Chute (RM 5.2-13L)

9. Vanci) Towhead (RM 69.0-67.4 1)
10. Brown’s Bar (RM 24.5-2181L)

11. Duck Island Chute (RM 195.2-193.9R)

MONITOR (initial work completed need to confirm reaction of side channel):
1. Cottonwood Side Channel (RM 79.0 - 77.5 R)
2. Santa Fe Chute (RM 40.4-350L)
3. Bumgard Chute/Island (RM 31.0-29.0 L)

D. SIDE CHANNEL DISCUSSIONS:

The descriptions below state the existing condition of the side channel and the
proposed actions required for rehabilitation. The prescriptions will be confirmed and
modified as necessary through the use of hydraulic micro model analysis, pre project
monitoring and other appropriate management and design tools.

These prescriptions are rooted in the principles of adaptive management. The goal
is not only to Jearn how to most effective]y obrain desirable results in the MMR side
channels, but also to develop understanding and techniques that can be exported to other
portions of the Mississippi River as well as to other large river systems, such as the
Missouri River., Monitoring the side channel wil] begin prior to implementation of the
prescription. Monitoring will continue during and following major actions to assure
positive results. During this process it may be necessary to modify or alter the
prescription, based on analysis of the monitoring data, to achieve the desired results. As
experience is gained, we will be able to target our monitoring efforts, modifying the
scope to assure that the proper information required to assess the success of the action is
gathered and analyzed. Monitoring is also a valuable tool to assist in the evaluation of
different configurations of structures, determining which configuration(s) is the most
efficient, and what actions yield the largest immediate benefit, which is critical when the
prescription is staged over a period of time. In like manner. we should begin to rely less
on modeling and more on accumulated knowledge and analysis based on real world on
the ground experience. Monitoring and modeling will never disappear, but rather these
efforts should evolve and become efficient complementary management tools able to be
directed at a site-specific problem or take on a system wide problem with equal aplomb.

The side channels are listed in order from upstream to down stream.

D.} MAPLE ISLAND CHUTE RM 200.7-198.0R

This chute is 150-900 feet wide, with an average width of approximately 325 feet.
A secondary channel is located immediately upstream of the chute (90 ft average width),
a second secondary channe] (75 ft average width) is located with the chute, There is a
public boat launch ramp at the upper end of the project area. Bathymetry is not available.
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A deeply notched off bank-Jine stone revetment is located at the upper end of the main
side channel. Three stone filled dikes (Dike Nos. 198.7 R, 198.2 R and 197.7 R} are
located at the downstream end of the chute. There are approximately 6350 acres of
unjeveed floodplain habitat (mostly forested) located within and adjacent to the project
area {RM 200.5 -198}.

Rehabilitation of the side channel may be accomplished by placement of hard
points {wood, rock, or both) to diversify the existing channel within the chute. The
addition of woody structure and selective dredging to remove large sand deposits will
also be beneficial. Dredge material could be placed at the downstream end of the island to
increase sandbar habitat. Secondary channels, as well as wetland areas on the interior of
Maple Island should be addressed to provide additional off channel habitats. The
advisability of modification of existing stone structures will be closely examined with
micro model analysis.

D.2 DUCK ISLAND CHUTE RM 195.2-193.9R

Duck Island Chute is part of the recent MDOC Columbia Bottoms acquisition.
Management of this chute is an integral part of the entire Columbia Botioms area.
Detailed study and planning for this chute wilt be accomplished as part of the planning
effort for the entire area.

Imual efforts at this chute concentrate on stabilization. A portion of the island
bank will be protected with riprap. Hand hard point structures, one above the riprap area
and one below, will be placed in the chute. This will keep the chute from expanding
during the study and plan formulation period. '

D.3 MOSENTHEIN CHUTE RM 189-185.0L

This side channel (divided flow} is 1700-3000 feet wide, with an average width of
approximately 2175 feet. Bathymetry indicates the average bottom elevation of the chute
1s approximately +18 feet LWRP, ranging from about -10 to +34 feet LWRP.

Moderately good depth diversity exists within the side channel. Substrate is
predominately sand. A stone filled dike with spur {Dike No. 189.3 L) is located at the
upstream end of the chute, Dike No. 188.6 L extends northward off the upstream tip of
the 1sland and there are six stone filled dikes at the upper end of the chute aleng the left
bank. Within and adjacent to the project area, there are approximately 2400 acres of
floodplain habitat, half of which is forested, that is unprotected by federal levees. Trees
along approximately 5000 feet of the left bank of the chute have been removed for
agricultural production.

Rehabilitation of the side channel may be accomplished by reducing the amount

of bedload entering the chute and increasing the amount of flow within the chute.
Selective placement of hard points (wood, rock, or both) at ‘high energy’ areas to create
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scour holes and to enhance existing channels within the chute will increase depth
diversity. Additional woody structure and selective dredging within the chute to remove
large sand deposits will be beneficial. Material resulting from side channel dredging
could be used to extend sidebar habitat at downstream end of the island. Enhancement
measures include reforestation of denuded areas along the bank-line with at least a 100 It
wide buffer strip. A portion of the material resulting from side channel dredging could be
used to create ridges for hardwood planting. Allow natural hydraulic processes to act,
wherever possible, to create swales.

D4 ARSENAL ISLAND/CAHOKIA CHUTE RM 176.0-173.0L

The Arsenal Island/Cahokia Chute complex occurs between RM 176.0 and 173.0
left descending bank. The area carrics flow and is accessible by boat at only the highest
river stages and is adjacent to a chronic channel dredging area. Dredge spoil has been
placed on the nverside of the 1sland {(at or near the main channel border) several times in
the recent past. Cahokia chute is extremely shallow and narrow, barely allowing out flow
from Cahokia Creek (Harding Ditch), which enters the chute near the mid-point. The
complex and adjacent areas become one large sandbar as river stages decrease.

This chute/isiand complex occurs in a stretch of river that has little to offer in the
way of habitat diversity, either aquatic or terrestrial. Tow traffic is common next to this
complex and the area is included in the nver stretch known as St. Lows Harbor that 1s
currently included in a Corps feasibility study.

Rehabilitation efforts will reflect and take advantage of the recommendations
from the St. Louis Harbor study and the East St. Louis Interior Flood Control Project
(affects Harding Ditch and watershed}. Re-creation of Arsenal Island, as an island with
the lower end of the chute as the outlet to the river for Harding Ditch is desirable. A
series of noiched dikes will aid in the establishment of the chute/isiand complex.
Dredging 1s a complementary tool that may be used to create an outlet for Cahokia Creek.

D.5 CARROLL ISLAND -JEFFERSON BARRACKS CHUTE RM 168.8-166.5L,

Carroll Island Chute, RM [68.8-167.6L, 1s 20-75 meters wide, available bathymetry
indicates bottom elevations in lower one quarter of the chute range from approximately
+1} to +16 feet LWRP. Bathymetric data have not been collected in the upstream three
quarters of the chute, however aeral photos taken at +3.0 feet St. Louis gage
(approximately +3.4 feet LWRP) show a series of 3 isolated pools in the upstream two
thirds of this chute, indicating lower bottom elevations do exist. A recent field inspection
of the site {(+1.7 St. Louts Gage) revealed a senes of three large logjams across the chute,
each extending bank to bank. Water was present only in the upstreani-most pool, just
below the bndge. It is unclear if the logjams are associated with the pools. The
substrate 1s predominately mud and sand. The bottom is relatively flat and featureless.
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Rehabilitation will be difficult because the chute is located on the inside of a bend
way, and is, therefore, in a depositional area. Over time a large amount of sediment has
accumulated within the chute, and there may be little hydraulic energy available to
reshape the channel. Rehabilitation of this side channe!l will require flow for a greater
percentage of time than 1s currently available. Greater flow may be accomplished by a
combination of dredging, logjam removal (or modification) and construction of a flow
enhancing, bed load deflecting structure at the upstream mouth of the chute.

Jefferson Barracks Chute, RM 167.6-10606.5, is 73-115 meters wide, bathymetry
indicates bottom elevations range from -4 to +12 feet LWRP, averaging approximately
+4.5 feet LWRP. The chute 15 slightly deeper below the mouth of Palmer Creek (RM
167.2). Substrate is mostly sand. Sand waves are present, indicating high-energy
conditions may be available to reshape part of this chute during some flow conditions.

Rehabilitation of the side channel can be accomplished by reducing the amount of
bed load entering the chute and increasing the amount of flow. Selective placement of
hard points (wood, rock, or both) at *high energy’ areas to create scour holes will increase
depth diversity. This will also increase habitat diversity. Additional woody structure and
selective dredging in the lower halfl of the chute will alsc be beneficial.

Approximately 1000 acres of levee free {loodplain habitat, about half of which is
forested, is located within and adjacent to this side channel complex (RM 169.0-166.0).
if these lands were in the public trust, they could be utilized to re-create rnidge-swale
topography. Material resulting from side channel dredging could be used to create ridges
for hardwood planting. Allow natural hydraulic processes act, wherever possible, to
create swales.

It is important to note that there is a need for off-channel habitat in this area. The

nearest off-channel habitat upstream is at RM 185, while the nearest downstream off-
channel habitat is at 161.5.

D.6 ATWOOD CHUTE RM 161.7-160.81,

Atwood Chute is located between RM 161.7 and 160.8, left descending bank.
The chute is immediately across the Mississippi and slightly upstream of the mouth of the
Meramec River. There is a wing dikc just above the opening of the side channel, a dike
that crosses the side channel just above the mid-point and a dike across the lower end.
There is good depth at the lower end as a resuit of the plunge pool from the lower dike.
The side channel shallows above the lower dike to about 0 LWRP indicating the aquatic
habitat would be present at most river stages. The channel deepens toward the upper end
in a hole that is about -20 LWRP. The side channel abruptly shaljows immediately above
the hole to 14 feet St. Louis gage. causing the upper end of the channel to close and
prevent flow below moderate nver stages. Potamology Section indicated on a recent
river reconnaissance trip that the channel contains "good encrgy” and could be
reconfigured using the natural forces of the river and strategically placed regulating
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structures. Connectivity with the river below the lower plunge pool appears to be poor
mdicating that it is unlikely that the deep holes m this side channel are available for over
wintering fish. The side channel is in an area where dredging has been necessary in the
past and spoil has been placed along the riverside of the 1sland.

This side channel is located within a stretch of river where off-channel habitat for
fish is extremely sparse. Improve connectivity at the Jower end to the main channel at
moderate to low river stages by dredging. There may be an opportunity to manage this
island and side channel as part of a complex that inchudes the mouth of the Meramec and
Chesley Island on the Missouri side of the river.

D.7 CALICO ISLAND CHUTE RM 148.2-147.2

This side channel is 123-250 feet wide, with an average width of approximately
200 feet. Bathymetry indicates the average bottom elevation of the chute is
approximately +9 feet LWRP, ranging from about -3 to +21 feet LWRP. Good depth
diversity exists within the side channel. Substrate is mostly sand. Recent field inspection
revealed that a good amount of woody structure was present within the chute. Wooden
pile dikes are located at the upstream and downstream ends of the chute. Approximately
750 acres of floodplain habitat, one third forested, is located within and adjacent to the
project area (RM 149 -147). Trees along approximately 1200 feet on the left bank of the
chute have been removed for agricultural production.

Conservation and minor rchabtlitation of the side channel may be accomplished
by reducing the amount of bed load entering the chute and increasing the amount of flow.
Selective placement of hard points {wood, rock, or both) at ‘high energy’ areas to create
scour holes will increase depth diversity. Selective dredging within the chute to remove
large sand deposits will also be beneficial. Material resulting from dredging operations
could be used to extend sandbar habitat at the downstream end of the island for improved
fisheries habitat. The existing wooden pile dikes in the chute will be retained.
Enhancement measures would include the reforestation of the denuded bank-line with at
least a 100 ft wide buffer strip. A portion of the matenal resuiting from side channe!
dredging could be used to create ndges for hardwood planting. Allow natural hydraulic
processes to act, wherever possible, to create swales.

D.8 OSBORNE CHUTE RM 146.3-144.1

This side channe! is 425-800 feet wide, with an average width of approximately
5350 feet. Bathvmetry indicates the average bottom elevation of the chute is
approximately +6 feet LWRP, ranging from about -32 to +20 fect LWRP. Moderately
good depth diversity exists within the side channel, but much of bottom is relatively
featureless. Substrate 1s mostly sand and mud; little woody structure is present within the
chute. There are closing structures at the upstream and downstream ends of the chute,
and there are two wooden pile dikes and a stone closure dike located within the chute.
Deep scour holes (>30 ft deep) have been created below the internal rock closure.
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Approximately 950 acres of floodplain habitat, most of which is forested, is located
within and adjacent to the project area (RM 147 -144).

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed Joad entering the chute and increasing the amount of flow. Encouraging the
development of a sinuscidal flow pattern in the chute through the use of alternating hard
points stone or wood or both) will increase depth diversity. Selective dredging to remove
large sand deposits, especially at upper and lower ends of the chute will also be
beneficial. Pile dikes in the chute wiil be retained. Material resulting from side channel
dredging could be used to extend sandbar habitat at downsiream end of island. Allow
natural hydraulic processes act, wherever possible, to create swales. Secondary channels
immcdiately upstream of the chute may be enhanced to provide additional off channel
areas and/or high quality wetlands,

D9 SALT LAKE CHUTE RM 139.5-136.6¢

This side channel is 350 to 1000 feet wide, with an average width of
approximately 650 feet. Bathymetry indicates the average bottom elevation of the chute
is approximately +12 feet LWRP, ranging from about -35 to +24 feet LWRP. Fairto
poor depth diversity exists within the side channel; most of bottom is relatively
featureless. Substrate 1s mostly sand and mud; little woody structure is present within the
chute. There are closing structures at the upstream and downstream ends of the chute,
and there are two wooden pile dikes and three stone closure dikes located within the
chute. A deep scour hole (30 ft deep LWRP} has been created below one of the intemal
rock closure structure (Dike No. 138.1 L). Approximately 2500 acres of floodplain
habitat, most of which is forested, 1s located within and adjacent to the project area (RM
142 -136). Maeystown Creek enters the chute at its upper end (RM 139.5) through
Beagle Island side channel. Old Maeystown creek also enters the chute between Dike
Nos. 138.1 and 137.0. The bottom of this section of the chute is considerably higher in
elevation than in the remainder of the chute. Treatment of the Maeystown Creek
watershed to reduce the amount of sediment entering the chute may be an important tool
for enhancement of this chute.

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed load entering the chute and increasing the amount of flow. Encouraging the
development of an asymmeitric sinusoidal flow pattem in the chute through the use of
alternating hard points (stone or wood or both), or by modifying existing rock closing
structures will increase depth diversity within the chute. Selective dredging to remove
large sand deposits will be beneficial. Pilc dikes in the chute will be retained. Material
resulting from side channel dredging could be used to extend sandbar habitat at
downstream end of island. Allow natural hydrautic processes act, where possible, 10
create swales. The secondary channels immediately upstream of the chute could be
enhanced to provide additional off channel areas and/or high quality wetlands.
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D.10 FORT CHARTRES ISLAND AND CHUTE RM 134.4 - 132.21L

Fort Chartres Island and side channel are located between RM 134.4 and 132.2
left descending bank. The side channel s relatively shallow with a few deep holes.
Much of the channel would be dry at a LWRP reading of +10. There are two holes, both
associated with rock dikes, one has depth equivalent to 0 LWRP, while the other has
depth to about -10. The area is unique because of public ownership (Illinois Historic
Preservation Agency owns approximately haif of the istand and side channel). A single
private individual owns the balance. Much of the private portion of the island is farmed,
while the remainder 1s bottomland forest, mostly soft maple and cottonwood.

The island/side channel complex is the subject of a micro model study by the
District River Engineering Laboratory to determine the location and type of structural
measures or dredging that might be helpful in an aquatic habitat improvement project.
Dredging will be required to obtain a reconnection of the side channel to the main
channe! during moderate to low river stages. The side channel is being modeled in
conjunction with Sait Lake Towhead another side channel just upstream. These two side
channels along with Establishment [sland/Side Channel just downstream of Foit Chartres
and Kidd Lake Marsh, Maeystown Creek and Fults Creek, which are ail inside the levee,
may offer the opportunity for management of this reach of river and associated habitat as
a complex. Recommendations for improvements will be made following the completion
of the micro model study.

D.11 ESTABLISHMENT CHUTE RM 132.5-130.0R

This side channel is 150-700 feet wide, with an average width of approximately
320 feet. Bathymetry indicates the average bottom elevation of the chute is
approximately +4 feet LWRP, ranging from about -35 to +20 feet LWRP. Fair to good
depth diversity exists within the side channel. Substrate is predominately mud and sand,
httle woody structure is present within the chute. There 1s a rock closing structure at the
upstream end of the chute and there are three wooden pile dikes and three stone closure
dikes located within the chute. A pair of deep scour holes (>30 ft deep LWRP) have been
created beJow the upstream rock closure and one of the internal rock closure structures
(Dike No. 131.0 R). Approximately 1500 acres of non-leveed floodplain habitat, most of
which 1s forested, is locaied within and adjacent to the project area (RM 134 -129},

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed load entering the chute and increasing the amount of flow. Selective placement of
hard points (wood, rock, or both) or modification of existing structures at ‘high energy’
areas to create scour holes will increase depth diversity. Selective dredging within the
chute to remove large sediment deposits will be beneficial. Pile dikes in the chute will be
retained and where possible improved. Matenal resulting from side channel dredging
could be used to extend sandbar habitat at downstream end of island. Enhancement of the
side channel may include reforestation of the riparian cormidor. A portion of the material
resulting from the side channel dredging could be used to create ridges for tree planting.
Allow natural hydraulic processes act, where possible, to create swales. A secondary
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channe] adjacent to the chute may be enhanced to provide additional off channel areas
and/or high quality wetlands.

D.12 MORO CHUTE AND ISLAND RM 122.5 - 120.0L

Moro Chute and island are located on the inside of St. Genevieve Bend between
RM 122.5 and 120.0. The upper end of the chute has two connections with the river.
The largest is relatively shallow, about + 10 LWRP, while the smaller 1s much deeper,
about -5 LWRP. The connection of the smaller chute is somewhat unique and the reason
this chute retains flow at most river stages. The connection is immediately below a wing
dike that has created a deep channel behind {plunge pool} that coincides with the opening
of the chute. The chute is narrow and reconnects with the main part of the side channel at
a confluence with the larger upriver connection and a deep hole that has formed as a
result of high flows through the Jarger channel at high river stages. The deep hole is
approximately -20 LWRP and contains a large amount of woody structure. The larger
channel connection has a mixture of sand, gravel and cobble substrate and 1s especially
diverse near the confluence with the smaller upriver connection. Below the deep hole the
channel shallows to about -5 LWRP, until near the downstream end where there 1s a
closing structure followed by a wing dike, before reconnection of the side channel with
the river. The island is bottomland forest, mostly soft maple and cottonwood.

The habitat at Moro Chute is in relatively good shape. Minor rehabilitation
measures that would improve the accessiblity to the aquatic environment include a notch
in the lower closing structure to improve fish access and a notch in the wing dike below,
coupied with dredging to deepen the connection with the main channel at all but the
lowest river stages. This appears to be an impoitant over wintering area for fish that will
be investigated further.

D.13 BEAVER/HORSE ISLANDS AND ADJACENT CHANNELS RM 117.9R

The width of this chute ranges from about 50-225 feet, with an average width of
approximately 225 feet. A secondary channel is located immediately upstream of the
chute (90 ft average width), a second secondary channel (75 ft average width) 1s located
with the chute. Bathymetric data is not vet available. A secondary channel or a series of
wetlands (depending on water level) extending up to RM 119.2 enters the chute near its
upper end. There are two other secondary channels (about 200 ft wide) atong the
niverside of Beaver Island. Approximately 2000 acres of unprotected floodplain habitat,
mostly agricultural land, is located within and adjacent to this side channel! complex (RM
119.0-115.0).

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed load entering the chute and increasing the amount of flow. The existing channels
lack diversity and measures to increase depth diversity would be beneficial to aquatic
resources. Additional woody structure and selective dredging within the chute to remove
some sand deposits will be beneficial. Material resulting from the side channel dredging



could be used to extend sandbar habitat at the downstream end of the island.
Enhancements may include reforestation of the bank line with a buffer strip at least 100
ft. wide. Secondary channels, as well as wetland areas on the interior of Maple Island
could be enhanced to provide additional off channel habitats, A portion of the material
resulting from side channel dredging could be used to create ridges for hardwood
planting. Allow natural hydraulic processes act, wherever possible, to create swales.

D.14 CRAIN’S CHUTE RM 105.7-104.4

This chute has an average width of approximately 75 feet, ranging from 25 - 100
feet. A smaller side channel connects with the chute at the upstream end. Bathymetry
indicates the bottom clevations of these chutes range from about 0 to +10 feet LWRP.
Some depth diversity is present within the side channels. The substrate is predominately
mud and sand. Two wooden pile dikes (Dike Nos. 105.0 and 104.7 R} are located within
the chute. Approximately 600 acres of non-leveed floodplain habitat, most of which is
forested, is located within and adjacent to the project area (RM 106 -103). A series of
wetlands (scour holes or borrow pits) are located immediately riverward of the levee
within a 400 ft wide strip of timbered wetlands.

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed load entering the chute and increasing the amount of flow. Selective placement of
hard points {wood, rock, or both) or modification of existing structures at ‘high energy’
areas to create scour holes will increase depth diversity. Selective dredging to remove
large sediment deposits will be beneficial. Pile dikes in the chute will be retained and
where possible improved

The existence of these side channels is the result of river hydrodynamic forces
interacting with river training structures (1.e. wooden pile and stone filled dikes). This
phenomenon should be thoroughly investigated to determine the morphologic and
hydrodynamic characteristics necessary to create islands and side channels. Results from
this investigation could then be applied to river reaches with the appropriate characters to
develop side channe] complexes elsewhere within the system, especially within those
reaches in which side channel habitat 1s limited.

D.15 LIBERTY CHUTE RM 103.1-100.1

The side channel behind Rockwood Island, Liberty Chute, is 375-1000 feet wide,
with an average width of approximately 550 feet. The side channel behind Liberty
Island, just downstream of Liberty Chute, 1s 200-400 feet wide, with an average width of
250 feet. Bathymetry m both chutes indicates the average bottom elevation is
approximately +0 feet LWRP, ranging from about -30 to +10 feet LWRP. Good depth
diversity exists within these side channels. Substrate is predominately sand and mud;
some woody structure 1s present within the chute. There is a rock dike {(not a complete
closure) at the upstream end of the chute, a rock closing structure at the lower end, and



three wooden pile dikes located within the side channels (1 behind Rockwood Island and
2 behind Liberty Island. A deep scour hole (>30 ft deep LWRP) has been created below
the intemal rock closure {Dike No. 101.1 L), Moderately deep holes (>20 deep LWRP)
have been created below two of the pile dikes. Approximately 2500 acres of non-leveed
floodplain habitat, about half of which is forested, 1s located within and adjacent to the
project area (RM 103-99).

Rehabilitation of the side channels may be accomplished by reducing the amount
of bed load entering the chutes and increasing the amount of flow. Encouraging the
development of a sinusoidal flow pattern through the chute by using alternating hard
points (stone or wood or both), or by moedilying existing rock closing structures will
increase depth diversity. Selective dredging within the chutes to remove large sediment
deposits will be beneficial. Pile dikes in the chutes will be retained and where possible
improved. Matcrial resulting from side channel dredging could be used to extend sandbar
habitat at downstream end of the islands.

D.16 JONES CHUTE RM 98.4-95.0 R

The project area consists of two side channels. The side channel behind Liberty
Bar 1s 50-400 feet wide, with an average width of approximately 120 feet. Jones Chute is
225-600 feet wide, with an average width ol approximately 350 feet. Bathymetry in both
chutes indicates the average bottom elevation in Liberty Bar Chute is approximately +9
feet LWRP, ranging from about +5 to +20 feet LWRP. The average bottom elevation in
Jones Chute 1s approximately +4 {eet LWRP, ranging [rom about -20 to +18 feet LWRP.
Fair depth diversity exists within these side channels. Substrate is predominately sand
and mud; little woody structure i1s present within the chute, There is a rock dike (not a
complete closure) at the upstreamn end of the chute and a rock closing structure in the
mid-portion of Jones Chute. Deep scour holes (>30 [t deep LWRP) have been created
below these rock structures. Two moderately deep holes (20 deep LWRP) have been
created in upper Jones Chute by Dike No. 97.0 R. Approximately 2000 acres of non-
leveed floodplain habitat, Jess than half of which is forested, is located within and
adjacent to the project area (RM 99 -94). i

Rehabilitation of the side channels may be accomplished by reducing the amount
of bed load entering the chutes and increasing the amount of flow. Selective placement of
hard points (wood, rock, or both) or modification of existing structures at ‘high energy’
areas to create scour holes will increase depth diversity. Selective dredging to remove
large sediment deposits will be beneficial. Material resulting from side channe! dredging
could be used to extend sandbar habitat at downstreamn end of island.

D.17 RIVERMILE 93.8 THROUGH 73.8

This reach of the MMR contains no side channels or off channel habitat. Three 1o
four side channels will be considered for construction in this area. This could be
accomplished by strategically locating a dike field (or a series of chevron dikes} off bank,
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near the main channel boarder. The dike field would be allowed to naturally fill with
material or, alternately, dredge material would be placed into the field to initiate the
island creation process. The elevation of the island in relation to the hydrograph will
determine if woody vegetation will successfully colonize the island. Seme of the islands
could be raised to sufficient elcvation 1o allow growth of woody vegetation while others
may be held at the bare sand stage. Other options for side channel or off channe} habitat
will also be explored in this area.

D.18 COTTONWOOD SIDE CHANNEL RM 79.0-77.5 R

Cottonwood side channel 18 lacated along the right descending bank between river
miles 79.0 — 77.5. Gravel deposits, both along the main navigation channel and along the
side channel bank, characterize the side channel. The substrate of the side channel is
cobble/gravel/bedrock and includes moderate amounts of sand. There are no closing
structures upstream, downstream, or within the side channel. Shallow gravel/sand bars
extend from the island to the mainland upstream and downstream of the side channel. At
low river stages these become emergent and {imit access by boat.

Cobble/gravel substrate types are valuable and infrequent in this reach of the
river. This side channel and island contains one of the larger areas of this valuable
substrate in the lower 80 miles of the Mississippi River. This side channel is one of only
two in the lower 80 miles that has no artificial obstructions above, below, or within,

Continue conservation efforts and increase monitoring. No rehabilitation or erhancement
measures proposed at this time.

D.19 CRAWFORD CHUTE RM 73.9-71.5L

Crawford Towhead side channel is located along the left descending bank at
approximately river miles 74 — 71.5. The side channel currently accepts water at high
river stages only. The side channel 1s dissected by closing structures and has a wing dike
upstream of the mnlet and upstream of the outlet. This side channel is part of a larger
complex of off-channel remnant sloughs and borrow areas. The entire complex,
including the side channel proper, extends from the Big Muddy River in Iilinois,
downstream, to a point across the nver from Trail of Tears State Park in Missouri (a
distance of about 12 river miles). The re-establishment of flow throughout the side
channel at average to lower river stages could provide many wildlife benefits. It will
provide valuable off channel habitat for refugia and reproduction and may be one of the
more important areas for primary productivity in the lower 80 miles of the nver. An
increase i depth diversity and wetted edge within the side channel, along the isiand on
the main channel berder, and in the floodplain {riverside of levee) is desirable.

Rehabilitation of this side channel may be accomplished by establishing flow at
average to low river stages. Notch dikes within the side channel and along the island in
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the channel border area to increase connectivity, encourage island creation, and
redistribute substrate to encourage exposure of cobble/grave] material beneath the sand.

D20 ¥YANCIL TOWHEAD RM 69.0-67.4 1

Vancil Towhead side channel is located along the left descending bank at
approximate river miles 69.0 - 67.4. The side channel currently accepts water only at
high river stages. This side channel is part of the larger complex of side channels, off-
channel remnant sloughs, and borrow areas mentioned earlier in the discussion of
Crawford Towhead.

Rehabilitation of the channels may be accomplished by reestablishing flow at
average to low river stages. Notching, installation of hard points and dredging all may be
required to improve flow at lower river stages. Enhancement measurcs consist of
incorporating this area into a farger habitat enhancement effort, which would include side
channels, channel border area, and {loodplain (area to levee).

D21 PICAYUNE CHUTE RM 60.8-54.7L.

Picayune side channel is located along the left descending bank between niver
miles 61 — 56.5. The side channel has a wing dike above the inlet and a notched closing
structure across the outiet. There are three remnant wooden pile dikes, a low water road
spanning the side channei connecting the Illinois bank te the 1sland, a rock closing
structure, and a rock spur dike. The inlet becomes isolated [rom the main river by a large
sand plug (an extension of the 1stand) at river stages below +7 LWRP. The side channel
contains deep water throughout its Jength with moderately good depth diversity, a few
small sandbars, and a small amount of woedy structure. The low water road and stone
closing structure begin to dissect the side channel at river stages of +17 LWRP and
below.

Rehabilitation of this side channel includes notching of the upper closing structure

to improve flow at lower river stages while preventing bed load from entering the side
channel. Additional woody struocture will be beneficial.

D22 SCHENIMANN CHUTE RM 59.0-57.0R

Schenimann Chute side channel 1s located along the right descending bank
between river miles 62.5 — 56.5. The side channel is unique in that it has an interior
tributary on the upper end, which drains hundreds of acres of wooded upland. The
tributary (Bainbridge Creek), is a wet weather stream and may be inundated by the river
under high stages. The side channel 1s dissected by closing structures, which create four
1solated chambers. The first chamber 1s the longest and is characterized by the
confluence of Bainbridge Creek, two oid pile dike structures, and a connection to the
matn river at stages as low as 8 feet (Cape Girardeau gage}. The second chamber is
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shightly shorter and very sandy, with the exception of the plunge pool below the structure
dividing chambers 1 and 2 (some gravel), and above the structure dividing chambers 2
from 3 (silty). The second chamber also contains an inlet from the main river that enters
about mid-way and a pile dike just below this inlet. The third chamber is the shortest of
the four, uniform in depth , and has no internal structures or unique features. The fourth
and final chamber becomes disconnected from the main river at stages below +6 LWRP.
This chamber is divided mid-way by 4 pile dike and becomes dry below the dike during
low river stages. A permanent pool exists above the dike. The substrate 1s mostly sand.

The lack of connectivity to the main river and the shallow to absent water
conditions create harsh environments for its inhabitants. Rehabilitation of the side
channel can be accomplished by re-establishing connectivity between the side channel
chambers and the main niver, as well as between the mdividual chambers themsel ves,
Depth and substrate diversity and woody structure are needed.

D.23 MARQUETTE CHUTE RM 51.0-47.0L

Marquette side channel is located along the left descending bank between river
milcs 51.0 and 47. The side channel has a wing dike above the inlet, a notched closing
structure across the inlet, and a wing dike that extends nearly 2/3 of the way across the
outlet. The notch in the closing structure across the mlet is unique in that it apparently
reaches all the way to the river bed thereby allowing flow at most river stages. Three
remnant woodcn pile dikes exist within the side channel. A wing dike exists
approximately mid-way through the side channel. A notched closing structure
disconnects the lower 1/3 of the side channel, Water passes through this notch when the
river stage is greater than +11 LWRP. The side channel contains vast amounts of sand
both as aquatic substrate and as 1sland extensions, which do not become mundated at
flood stage (+27 LWRP). The upper 1/3 of the side channel becomes dry at river stages
below +5 LWRP. At these lower stages it is possible to walk from the Illinois mainland,
across the side channel and island, to the banks of the Mississippt. The middle portion of
the side channel maintains moderately deep water at low river stages. The plunge pocl
below the internal closing structure remains deep at low river stages. The side channel
becomes shallow and sandy downstream of the plunge pool. During low flows this area
may become dry, disconnecting the side channel from the main channel. Because of the
closing structure at the inlet and the emergent sand at the outlet, the side channel becomes
disconnected {from the main river at average to low river stages. The side channel is on
the instde of a sharp bend, more accurately described as a split {low region. Without
training structures, the side channel would capture much of the river’s flow and the
navigation channel would be compromised.

Rehabilitation of the side channel can be accomplished by redirecting more flow
into the side channe] without introducing additional sediment or compromising the
navigation channel. Increase depth diversity (currently it’s deep or it’s shallow but not a
lot in between) and substrate diversity and add woody structure. Connect the plunge pool

[
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below the internal closing structure to the main river channel to allow access to this deep-
water over wintering habitat.

D.24 SANTA FE CHUTE RM 40.4-35.0L

Santa Fe Chute side channel is located on the ieft descending bank at approximate
river miles 39.5 — 34.4. There is a wing dike immediately upstream of the inlet, a closing
structure across the inlet, and a wing dike across 2/3 of the outlet of the side channel. A
remnant secondary channel enters Santa Fe Chute at the upper end, but water enters this
chute only during high river stages. Cobble/gravel substrate 15 present at the upper end of
the chute, but the predominant substrate type is sand. The upper 1/3 of the side channel
18 relatively deep, while the middle of the side channel is very shallow and sand, silt, and
some gravel become exposed during average to low river stages. The lower portion of
the side channel is also shallow. A deep cut was dredged after the 1993 flood near the
outlet of the chute. As of this writing, the cut has mostly filled in. A sand bar spans the
entire width of the side channel just above the dredge cut. This bar connects the [llinois
mainland to Santa Fe Island (the mainland and island are also connected just below the
inlet closing structure by emergent sand). In recent years wing dikes were added
throughout the upper 2/3 of the side channel in an attempt to encourage thalweg sinuosity
and depth diversity. Nine dikes were constructed in an alternating configuration. They
were built to half bank height in two different phases spanning three years of
construction. The closing structure across the inlet of the side channel begins to emerge
at moderatcly high river stages. At +17LWRP, the closing structure disconnects the side
channel from the main channel. The dikes constructed within the side channel appear to
be creating scour holes off their tips, however much of the side channel remains very
shallow. The dredge cut provided needed deepwater habitat, but proved to be much
shorter lived than originally expected. Little to nc water remains in over half this side
channel during average to low river stages. While there is some degree of substrate
diversity, the lack of depth diversity and woody structure remain a concern,

Rehabilitation measures include completion of the dike construction to original
engineered specifications. Re-establish connectivity between the side channel and the
main river channel at average to low river stages. Through the use of hard points or other
suitable structures, increase depth diversity and create deep-water habitat accessible to
fish for over wintering.

D.25 BILLINGS ISLAND, POWERS ISTLAND RM 35.6-31.2R

Billings island side channel complex is located on the right descending bank at
approximate river mile 34.3 —32.8. It is composed of two distinct side channels, one
immediately upstream of the other, both of which are disconnected from the main river
channel by a large sand bar. The upstream side channel has a dike immediately upstream
of the inlet and one immediately downstream of the outlet. The second side channel has
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a dike immediately upstream of the inlet (same dike that is located at the outlet of the first
side channel) and a dike immediately downstream of the outlet. No structures exist
through the interior of either side channel. Substrate composition 1s primarily silt/sand.
Little woody structure is present 1n the upstream side channel. Some woody material
may be found in the downstream side channel. Both side channels are characterized by
poor depth diversity and little to no diversity in structure, substrate, or bank type.

During average to lower river stages, a sand bar is exposed at the inlet of the first side
channel disconnecting it from the river. A high elevation sand shelf 1s present in the
channel border area between the two side channels. This shelf limits access at average to
moderately high river stages. A high sand shelf 15 also present downstream of the outlet
of the second side channel. The {ower channel appears to have a higher bed elevation
than the upper side channel and is not accessible by boat except during high water.

Rehabilitation includes efforts to increase diversity of depth. structure, and
substrate. Encourage flow into side channel at average to lower river stages. Through
noiched dikes or other appropriate measures, create a secondary channel which would
drsconnect large channel border sand 1sland from side channel island creating least tern
nesting habitat (isolating sand bar to reduce predation).

D.26 BUMGARD CHUTE AND ISLAND RM 31.0-29.0L

Bumgard side channel is located on the left descending bank at approximately
river mile 31 ~ 29.7. It is one of only two side channels in the Jower 80 miles of the river
that is not disconnected {rom the river at its inlet by a closing structure. There is a dike
immediately upstrcam of the inlet and two hard points in the interior of the side channel.
Substrate composition of the side channel and the island 1s predominately
cobbie/gravel/sand. The hard points create small scours off their tips, however, the
remainder of the side channel is shallow and the lower end becomes dry at average to
lower river stages. Gravel extends below the dike above the inlet to the island,
prohibiting access to the side channel at lower river elevations. Water velocity in this
side channel cin be high during average to high flows (recorded in excess of 1.4 m/s).
Gravel accumulations upstream and sand downstream disconnects this side channel from
the main channel during fow river stages. Woody structure is scarce and depth diversity
1s moderately poor.

Rehabilitation of the side channel can be accomplished by encouraging depth
diversity through the installation of hard points or notching of existing dike structures.
Dredging to reconnect the lower end of the side channel to the main channel at lower
river stages and addition of woody material would be beneficial. Material resulting from
this dredging operation could be used to extend sandbar habitat at the downstream end of
the island.

D.27 BUFFALO ISLAND RM 26.3-24.5 R

This chute has an average width of approximately 320 feet, ranging from 240 to
600 feet. There is a small secondary channel traversing the upstream tip of the island.
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Bathymetrv indicates the average bottom elevation of the chute 15 approximately +2 feet
LWRP and ranges from about -25 to +20 feet LWRP. There 1s fair depth diversity with
the side channel. Substrate 1s sand and mud. There 1s a rock dike (Dike No. 26.1R)
located at the upstream end of the chute and a rock closing structure (Dike No. 24.8R) at
the lower end. A pair of deep scour holes (>30ft. deep) has been created below the
internal rock closure. Approximately 1500 acres of levee free floodplain habitat, most of
which is agnicultural, is located within and adjacent to the project area (RM 27 to 24).

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed load entering the chute and increasing the amount of flow. Selective placement of
hard points {wood, rock, or both) or modification of existing structures at "high energy”
areas to create scour heles will increase depth diversity within the chute. Additional
woody structure and selective dredging to remove large sediment deposits will also be
beneficial. The small secondary channel could be enhanced to provide additional off
channe] areas and/or high quality wetlands.

D.28 BROWN’S BAR RM 24.5-21.8L

This side channel {divided flow) is 400-1200 feet wide, with an average width of
approximately 810 feet. Bathymetry indicates the average bottom elevation of the
primary (left) channel of the chute is approximately +1 feet LWRP, ranging from about
-30 10 +21 feet LWRP. The right channel has an average botiom elevation of
approximately +20 feet LWRP, ranging from about +14 to +25 feet LWRP. A small (50
ft wide) secondary channel is located just upstream of the chute and there are two other
secondary channels located within the chute. Moderately sood depth diversity exists
within the side channel ranging from deep scour holes to sand bar habitat. Substrate is
mostly sand. A stone filled dike with spur {Dike No. 24.4 L} is located at the upstream
end of the chute, Dike No.21.9 L is located ai the downstream end of the chute, There
are two stone closures located within the chuie (Dike Nos. 23.8 and 22.3 L), which
roughly divides the chute in thirds. A deep (>-30 ft LWRP) scour hole is located below
the lower closure. There is a wooden pile dike located in the lower ‘compartment’. The
land adjacent to the chute is unprotected floodpiain, most of which is agricultural. The
forested area is located within and adjacent to the project area. Trees along
approximately 1600 feet of the left bank have been lost or removed.

Rehabilitation of the side channels may be accomplished by reducing the amount
of bed load entering the chute and mcreasing the amount of flow. Use of hard points or
other suitable structures to increase depth diversity will be beneficial to aquatic resources.
Woody structure and selective dredging 1o remove some sand deposits would also be
beneficial. Matenal resulting from side channel dredging could be used to extend
sandbar habitat on downstream end of islands. Enhancement of this area would include
reforestation of denuded areas along the bank-line with at least a 100 ft wide buffer strip.
A portion of the material resulting from side channel dredging could be used to create
ridges for hardwood planting. Allow natural hydraulic processes act, wherever possibie,
to creaic swales.
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D.29 THOMPSON CHUTE RM 15.7R

This chute has been cut off from the river by the landowners and is not available
for habitat enhancement.

D.30 SISTER CHUTE RM 14.4-11.9

The chute lies behind two 1slands: Island Nos.28 and 29. The chute has an average
width of approximately 250 feet, ranging from about 150 to 623 fect. There is a
secondary channel located between the 1slands. Bathymetry indicated the average bottom
elevation of the chute 1s approximate +0 LWRP and ranges from about -17 to +20 feet
LWRP. There is fair depth diversity within the channel. Substrate is sand and mud. There
is a rock dike with a spur dike (Dike No. 14.5 R) located just above the upstream end of
the chute and two rock closing structures and a wooden pile dike (Dike No. 13.4R) within
the chute. The land adjacent to the chute is levee free floodplain, most of which is
agricultural. Some forcsted area 1s located within and adjacent to the project area, mainly
associated with the 1slands.

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed load entering the chute and increasing the amount of flow. Selective placement of
hard points {wood, rock, or both} or modification of existing structures at "high energy”
areazs to create scour holes will increase depth diversity. Additional woody structure and
selective dredging to remove large sediment deposits will be beneficial. Material
resulting from the dredging operations could be used to extend sandbar habitat on
downstream end of the istand. The secondary channel could be enhanced to provide
additional off channel areas and/or high quality wetlands.

D.31 BOSTON BAR CHUTE RM 10.2-7.6 L

The chute has an average width of approximately 250 feet, ranging from about
125 to 350 feet. There are two secondary channels located just upstream of the isiand.
Bathymetry is not available, but field observations indicate that the average bottom
elevation is about +3 feet LWRP, ranging from about -5 to +10 LWRP. Substrate is sand
and mud. There is a rock dike (Dike No. 10.1L) located at the upstream end of the chute
and # rock closing structure (Dike No. 7.9L) near the lower end of the chute.
Approximately 2000 acres of Jevee free floodplain habitat, most of which is agricultural,
1s located within and adjacent to the project area.

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed load entering the chute and increasing the amount of flow. Selective placement of
hard points (wood, rock, or both} or modification of existing structures at "high energy”
areas to create scour holes will increase depth diversity. Additional woody structure and
selective dredging to remove Jarge sediment deposits will also be beneficial. Material
resulting from dredging may be used to extend sandbar habitat on the downstream end of
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the island. The secondary channels could be enhanced to provide additional off channel
areas and/or high quality wetlands.

D.32 ANGELO CHUTE RM 5.2-1.3 L

The chute has an average width of approximately 715 feet, ranging from
about 430 - 1300 feet. There is a secondary channel located just downstream of the
upstream end of the chute. Bathymetry indicates the average bottom elevation of the
chute is approximately +2 feet LWRP and ranges from about -44 tc +17 feet LWRP.
Substrate is sand and mud. There is a rock dike with a spur dike closure (Dike No. 5.2 L)
located at the upstream end of the chute and a rock closing structure (Dike No. 4.2 R)
with a wooden pile dike core (much of which is currently exposed) within the chute.
Approximately 2500 acres of levee free floodplain habitat, most of which is agricultural,
is located within and adjacent to the project area (RM 5 - 1),

Rehabilitation of the side channel may be accomplished by reducing the amount
of bed load entering the chute and increasing the amount of flow. Selective placement of
hard points (wood, rock, or both) or modification of existing structures at ‘high energy’
areas to create scour holes would increase depth diversity. Additional woody structure
and selective dredging to remove Jarge sediment deposits will also be beneficial. The pile
dike within the chute will be retained and improved, if possible.
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APPENDIX A
MAPS



Copies of the maps were not included in the A&M report but are
available upon request.

Contact:
Brian Johnson
US Army Corps of Engineers
St. Louis District, PM-E
St. Louts, MO 63103
314-331-8146

Brian.L.Johnson@mvs02.usace.army.mil
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APPENDIX B
COST ESTIMATES



COST ESTIMATES

Estimated Averace Costs Per Side Channel®

Pre-Monitor 30.0
Real Estate Costs 50.0
Engineer Design, Plans and Specifications 200.0
Construction Costs 1000.0
Dredging Costs 200.0
Monttor During Construction 30.0
Post Monitor _30.0

Total Estimated Cost Per Side Channel 1540.0

Estumated Averaee Annual Costs™

Two Side Channels 3080.0
Base Monitoring (in addition to ongoing LTRM effon) 200.0
Annual Evaluation and Progress Report 25.0
PM Costs (admin, coordination, procurement, etc.) 165.0

Total Annul Estimated Cost 3470.0

Tota} Estimated Cost of the Side Channe] Plan®

Estimated Average Annual Cost 3470.0

Completion Estimated in 13 Years (2 side channels per year) x 15
Total Estimated Cost 52050.0%*

* Costs in thousands {000) of dollars.
## Costs do not include enhancement activities on upland sites.

The 13-year target for comnpletion 1s dependant upon avatlability of adequate funding.
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MICRO MODELING

Micro Modeling is a newly developed, cost effective hydraulic river engineering
technology used by engineers, scientists, environmentalists, teachers, landowners and
navigation industry representatives for the purpose of resolving some of the major issues
that surround our nation’s rivers and streams. Micro Modeling 1s extremely small-scale
physical sediment transport modeling of a river or stream. River Engineers use these
models to replicate the hydraulic mechanics of flowing water and sediment in a river on

an area the size of a normal tabletop.

The theory bchind sediment transport modeling on a micro scale is simple. It is a fact
that small streams behave very similar to large rivers. A river or stteam, no matter how
large or small, is a body of flowing water and sedimeni. The mechanics of moving water
and sediment remain similar, whether it’s a small creek, or the Mississippt River.
Therefore, a small stream can actually be described as a model of a larger river,

Successful Micro Modeling mission accomplishment has alleviated the financial burden
of more expensive mediums of medeling used in the past, and many taxpayer dollars
have been saved. Traditional river modeling used by the Corps in the past was performed
on a large scale at the Waterways Experiment Station in Vicksburg, Mississippi. These
models, about the size of a football field, provided excellent results but were very costly
to build and operate and would take years to finalize a study.

Due to the very small scale Micro Models are studied at, they are relatively inexpensive
to build and operate. Furthermore, results from the models can be obtained in just a few
short months. Micro Models are composed of four innovative design components: the
model insert, the table top sized hydraulic flume, the automated operating system which
controls the flow of water and sediment, and the data collection system. Each component
serves dependently upon the other to function as one unit.

The model inserts, which define the river, stream, or lake under study, are constructed of
modern day plastic composites including acrylic, polysiyrene, urea, and laminate. The
inserts are built to extremely high tolerances of scales so that accurate and reproducible
measurements during model testing can be made. The inserts are placed within the
tabletop-sized hydraulic flume and filled with plastic sediment sand-iike particles.

The hydraulic flume 1s made of waterproof marine grade plywood. The flume is built to
withstand the added weight of water and sediment, as well as people leaning on the
model while participating in hands-on experiments. The flume houses a water and
sediment reservoir, a pump, a magnetic flow meter and an industrial process control
valve. The top of the flume is adjustable in any direction by the use of rotational jacks
located within the cavity of the flume.

The operating system, which consists of customized computer hardware and software,
was developed 1o control the simulation of water and sediment through the model. The
system is designed to input water and sediment particles through the model automatically
and in equilibrium. This means that the rise and fall of the water level and the sediment
joad 1s the same at both the entrance and exit of the model reach at all times. The



operating system employs graphic software and instrumentation, which electronically
controls a process control valve and momitors a magnetic flow meter. The sysiem enables
the operator to simulate a rise and fall of water levels similar to an actual river or stream.

The data collection system employs a state of the arl three-dimensional laser scanner that
is used to collect the contours of the changing bed sediment in the mode]. The laser is an
extremely accurate measuring device, which collects hundreds of thousands of data
points over the length of the model. The data points are used to create computer
generated topographic survey maps. Engineers compare these model survey maps to
topographic surveys of the actual riverbed being studied.

One of the greatest advantages provided by a Micro Model 1s the ability to convey highly
complex hvdraulic concepts to non-technical, non-engineering clients and partners.
Engineers use the dynamic hvdraulics of the mode! to demonstrate these concepts and
allow the engineer, the biologist, the farmer, the towboat pilot, the landowner, etc., to
communicate with each other in an effective and efficient manner. Because of this
benefit, partners from all agencies and groups can remain intimately involved from the
beginning of a project to its conclusion. Everyone has the opportunity to test their ideas
i the model with the ability to touch and observe the cffects they create. Ideas that
produce positive effects are further tested scientifically by experienced river enginecrs.
The mode] results are presented to all the partners with a formulated group solution as the
ultimate goal.

Micro Modeling has many satisfied customers from a wide variety of interest groups.
Many of its customers consist of environmental resource agencies, environmental interest
groups, navigation industry representatives, landowners, govemment and private
engineers, biologists, scientists eic. These cusiomers have had the opportunity to
physically participate in Micro Model studies by personally viewing and being able to
manipulate the model. This has allowed the customer a greater understanding of nver
mechanics and therefore created a median by which government engineers and their
previously adversanal groups could build a bridge to understand each other. Creating a
harmonious relationship between the customer and producer was the first step in
developing a product that the customers and users can be satisfied with. Micrec Modeling
technology has enabled the lines of communication to open and has formed relationships
that were previously nonexistent.

Since 1994, a variety of Micro Model studies have been conducted and completed at the
Applied River Engineering Center in St. Louis, Missouri. The time and cost savings of
using a Micro Model is even more significant over the length of a few years, Using
Micro Modeling technology, 16 studies have been completed at a cost of around $1
million, If these studies had been conducted using the traditional large models, the costs
would have exceeded $20 milhon, and most of the studies would not yet be complete.

Micro Moedeling has been used to study possible environmental enhancement measures to
three side channels on the Middie Mississippi River and one side channel on the Lower
Mississippi River. Designs conceived from the Micro Models have been built in two of
the side channels and construction is scheduled for the remaining two side channcis.
Micro Model methodology has also been used to study many other environmental



projects on the Upper Mississippl River, the Missouri River, and the White River in
Arkansas.
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A Natural History of the Middle Mississippi River
by

Susan E. Corvick and Robert A. Hrabik

In 1993, the Upper Mississippi River Conservation Committee (UMRCC) issued
a call for action report, “Facing the Threat: An Ecosystem Management Strategy for the
Upper Mississipp: River.” The report identified environmental problems in the Upper
Mississippt River (UMR) and chalienged the President, Congress, federal agencies, and
states to develop a “scientifically sound ecosystem management strategy for the UMR”
by 2000 and implement the strategy over the ensuing fifty years.

Given the information-oriented mission of the Long Term Resource Monitoring
Program, staff at the Open River Field Station took an active role in developing a plan [or
the unimpounded open river reach of the UMR. This reach, known as the Middie
Mississippi River (MMRY), is that segment between the confluence’s of the Missouri and
Ohio Rivers. The committee formed in 1994 to develop the ecosystem management
strategy for the MMR was named the Middle Mississippi River Ecosystern Management
Work Group (work Group).

During the first meeting of the work group, 1t became apparent that virtually no
background information had been assembled on the natural environment of the MMR.
Some members believed that without this information, a comprehensive ccosystem
management strategy could not be developed. Work group members began gathering
information, but soon realized the time needed to adequately address this task was greater
than anyone could justify, The work group then approached the UMRCC to cosponsor
an investigation inte the natural history of the MMR, which they agreed to, and the
project began in 1997. Since then, we have been gathering accounts describing the MMR
environment from the point of European discovery, roughly 1600 AD, to the present. We
separated our research into three phases; two dedicated to gathering material and one to
writing the history. .

Our work began by studying Carl J. Ekberg’s translation of Nicolas de Finiels’
1803 manuscript, An Account of Upper Louisiana. Finiels, a French engineer, was
employed by the Spanish government at various times from 1797 to 1818 to develop and
oversee a number of projects throughout the Louisiana Territory. Finiels made the
observations that would later appear in his Account as he traveled up the Mississippi
River to St. Louis in early 1797. He also produced a detailed map of the MMR valley,
drawn during 1797 — 1798. Both are generally considered to be excellent sources of late
18™_centary physical information for our area of investigation and provide us with the
necessary background to design our research plan.

Finiels” manuscnipt and map proved to be very helpful, as did Ekberg’s and
William Foley’s editing of An Account of Upper Louisiana. The book’s accompanying
notes and bibliography familiarized us with standard texts used to conduct prelimunary



historical research into our subject. As we consulted these sources, we became familiar
with scholars who conducted extensive research upon the same or related topics. We
collected a large amount of information from these sources, as well as from numerous
manuscript collections, journal and magazine articles, government documents,
newspapers, maps, drawings, photographs, and oral interviews.

Particularly informative were two series edited by Rueben Gold Thwaites, The
Jesuit Relations and Allied Documents, 1610-1791 (73 volumes) and Early Western
Travels, 1748-1846 (32 volumes). The first series contained correspondence and reports
generated by Jesuit missionaries during their service in North Amernica. A number of
these documents were very descniptive of the Mississippl River and its environment. The
second was a compilation of some of the diaries held by the State Historical Society of
Wisconsin. We examined those containing descriptions of the MMR and related plants,
animals, and human activity. Several of the diaries contained within this series were
published in book-length format in recent years.

Other sources we found useful in locating information about the early European
presence in the MMR were: Philip Pittman’s The Present State of the European
Settlements on the Mississippi (1765-1768), Thomas Hutchins® A Historical Narrative
and Topographical Description of Louisiana and West Florida (published 1784),
Georges-Victor Collot’s A Journey in North America {1796), Gilbert Imlay’s A
Topographical Description of the Western Territory of North America (published 1798),
and Henry M. Brackenridge’s Views of Louisiana (published 1798). We frequently used
material contained in the writings and sources of Clarence W. Alvord, Carl . Ekberg,
William E. Foley, John Francis McDermott, and Abraham P. Nasatir, all of whom
conducted extensive research on our subject.

River guides (e.g. the Mavigator, Western Pilot, and James River Guide) and
drawings, panoramas, and lithographs of the period are also informative. These visual
sources, particularly useful in our effort to understand how the MMR changed through
time, must be interpreted with caution, particularly the drawings and lithographs that may
have been romanticized for the intended audience. Even so., most are highly detailed and
many were generated by individuals empleyed by a government or commercial entity or
who had a scientific interest in the surroundings they were recording.

Throughout our research we looked for primary documents to use as sources in
our natural history project. We gathered material from manuscript collections held at the
Missouri Historical Society, Missouni State Archives, Westerm Historical Manuscripts
Collection, and other repositories. We found that these descriptive letters and diary
excerpts echoed the accounts that appeared in the publications we reviewed.

We increasingly relied upon journal articles and government documents to jocate
information relative from 1875 to the present and were not disappeinted by the amount of
material available referencing this tme period. Journal articles were particularly useful
in determining the validity of some of the very early accounts and maps of the MMR.
Government documents provided msight into various governiment agencies’ relationship



to the MMR by detailing a particular organization’s responsibility to both the general
pubhc and the environment.

We discovered a large amount of material relative to the MMR held in libranes
and archives throughout the world. Although empirical scientific data on MMR
resources is rare prior to the 1960%s, the variety and richness of descriptive information
encountered so far surpnised us. The sources listed in this report represent only a fraction
of the matenal accumulated during our research. Analyses of historical and current
scientific information will shed new light on how the MMR has changed over time. As
we review the material in preparation for writing our manuscript, we will lock for
recurrent themes to help us understand the natural history of the MMR.






RESTORATION OF THE MIDDLE MISSISSIPPI RIVER
BY THE ARMY ENGINEERS

CLAUDE N. STRAUSER, P.E.,L.S.
CHIEF, POTAMOLOGY SECTION, ST. LOUIS DISTRICT
HYDROLOGIC AND HYDRAULICS BRANCH
APRIL 1978

The Middle Mississippi River (between the mouths of the Ohio and Missouri Rivers) was
narrow and deep as the eighteenth century drew to a close, but this was soon to change.
The Louisiana Purchase of 1803 was to have a dramatic and nearly irrevocable influence
on the navigability of this mighty river. From the founding of St. Louis in 1764 until the
beginning of the nineteenth century, the Mississippi River at St. Louis was deep and
narrow. As John Bond stated in his book, The East St. Louis, Hlinois Waterfront, the river
at St. Louis in 1780 was so narrow that British soldiers and Indians enroute to attack the
Village of Cahokia, Illinois, fired their muskets across the river and rattled the roofs of St.
Louis houses. This same book also says that before Piggot’s Ferry went into operation in
1797, the narrowness of the river permitted travelers to verbally summon a boat {rom the
other side. One such traveler in 1787 was "Danny” Boone, son of Daniel Boone.
Tradition says that young Boone rode down to the illincis shore and gave the customary
call: "O-o-over!" He was

eventually picked up and taken across the river.

American dominion over the Mississippi Valley resulted in the westward
migration of pioneers from the eastern portion of the United States. The small village of
St. Louis, Missouri, began to flourish and soon became the gateway to the West.

A new era in the life of the Village of St. Louis began in 1817 when the

first steamboat arrived at the St. Louis levee. This steamboat was the

Zebulon M, Pike. The life of this small community was forever changed after this
momentous occasion. The City of St. Louis grew from a population of 16,000 in 1840 to
over ten times this amount in 1860, Annual steamboat arrivals grew from 3 to over 3,600
in the period from 1817 to 1858. (See photo of the St. Louis levee front in 1858). This
tremendous migration of people to the Mississippi Valley put heavy pressure on the area’s
natural resources, primarily the bountiful supply of timber.

Timber, from along the banks of the Mississippi River, was used for fuel on the
steamboats and lumber for construction of settlements. Some trees, which were in
imminent danger of {alling into the river, were removed by the Army Engineers before
they became deadly hazards to the wooden hulled steamboats. Also great forests of
timber were cleared from the rich alluvial bottoms for agricultural purposes. In 1848, a
traveler named Henry Lewis, wrote that the "steamboats on the Mississippi all burn
wood, and such are the immense quantities destroved in this manner that, had not nature
provided an inexhaustible supply, some other fuel would have had long since to take its



place.” As the timber from bank lines of the river was being removed, the banks became
less stable and began to detertorate

rapidly. The river width increased from an average of 3600 ft. in 1821 to an average of
5300 ft. in 1888. A report written to the Chief of Engineers by Captain O. H. Emst in
1880 described this river deterioration. Captain Emst had just finished comparing a
recently obtained survey to a prior survey when he wrote the following:

"One of the most important developments of this survey 1s the evidence

which the present position of the shore lines affords, that the stability of the banks has
decreased with the settlement of the country and the clearing away of the forests.
Weakened banks permit more rapid erosions, give the river greater width, and therefore
less depth, and the navigation is injured. The fact that the river has matenally widened
within the 1ast 60 years is generally acknowledged by those best informed. And if this
widening process is still going on it is evident that the navigation is still further
deteriorating. An examination of the shore line shows that in every case where cieared
fields along a caving bank are interrupted by a patch of wood, the latter projects out into
the river. It is easy to believe that the binding quality of the roots, and the protection
fonmed by the fallen trees at the foot of the bank should have this effect. Wooded banks
yield [inally, of course, but the rate of erosion is so slow that the

river has time to build up on the oppesite side, and there is no increase of width.”

"The facts lead to the belief not only that the navigation has been

deteriorating in the past, but that the process 1s still going on, and will increase in rapidity
as further clearings are made, and that, unless energetic measures are adopted to replace
the guards established by nature and removed by man, the day will come when the
navigability of the river for vessels that now use it will be destroyed.”

One of the maps submitted with this report 1s shown in Figure 1. This map graphically
shows the instability of the deforested bank lines.

In the 1880, the Army Engineers began a bold, almost impossible, task of obtaining and
maintaining a dependable navigation channel on the Middle Mississippi River, by
attempting to restore the river to a condition that had previously existed. As stated in
1880, by Ernst, "it is pretty well established that there was in former years a depth of
water throughout the navigable channel at the lowest stage at least equal to what we shall
endeavor to obtain by our works." As Mark Twain said in his book, Life on the
Mississippi, "the military engineers have taken upon their shoulders the job of making the
Mississippi over again - a job transcended in size by only the original job of creating it.”

After many years of progress on the navigation project and the associated studies,
planning, and analysis of results by the Army Engineers, we now have a river that is very
near]y the same as it was in the early part ol the nineteenth century. The average width of
the Middle Mississipp1 River was change from 5300 fi. in 1888 to an average width of
3200 ft. in 1968 (as compared to 3600 ft. in 1821).



In a recent report conducted by Colorado State University for the St. Louis Engineer
District, a comparison of surface area, island area and riverbed area of the Middle
Mississippi River between Jefferson Barracks Bridge (mile 168.7) and the Ohio River
(mile 0.0} were shown (Table 1).

TABLE 1. SURFACE AREAS (SQ. M1}
Year Surface Arealsland Area Riverbed Area
1821 109 14 95
1888 163 35 128
1968 100 17 83

As can be seen, the goal of returning navigability to the Middle
Mississippi River has resulted in restonng the river of today to
approximately the conditions present in the early nineteenth century.

Another aspect of the river that needs to be addressed is the length of the main channel of
the Mississippi River between the mouth of the Ohio and Missouri Rivers. This can best
be illustrated by Figure 2. This information was developed for the St. Louis Engineer
District by the Institute of River Studies located at the University of Missoun at Rolla.

Figure 2 shows how channel length has varied since 1821. In 1974, the river length 1s
nearly the same as it was i 1821. 'The shortening of the river between 1881 and 1899
was caused by a natural cut-off during the flood of 1881. A conscientious effort has been
made by several generations of river engineers to restore the Jength of the river to its
original condition.

All of the above is the result of a policy established in 1875 by Colonel James H.
Simpson: "A permanent improvement must of necessity be designed and executed in
entire harmony with the natural laws of the river. To reconstruct the stream according to
conditions imposed or assumed can be done successfully if we know all the facts and
relations which enter into the problem. The omission of one may be fatal to success:
hence all arbitrary changes are to be avoided. But nature overlooks nothing, and we may
confidently assume that the position and direction of the river at any time 1s the resultant
of all the forces, and consequently, is a concrete expression of the law of the stream,
which we may modify and preserve, but may not safely destroy or radically change."

The uncontrolled exploitation of the timber resources dunng the period of time from the
early 1800s to the late 1800’ nearly created an irrevocable loss of navigation in the
Middie Mississippi River.

The work of obtaining and maintaining a dependable navigation system on the Middle
Mississippi River by the Army Engineers has been, and continues to be, a work of
conservancy. The Middle Mississippi River of the early nineteenth century and the
Middle Mississippi River of today are essentially the same.
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CHAPTER XV

Before WE speak of the Mississippi, that great artery of Notth America, 1t is necessary to
make an observation.

Obliged, on leaving the Ohio and entering the Mississippi, to ascend a part of this
last river, in order to gain the Missouri; and anxious to give a successive view of objects
such as we beheld them, our account of the Mississippi will necessarily be interrupted;
that is to say, we shall first treat of the Mississippi from the Ohio to the Missouri, and
shall not resume our account of that river as far as New Orleans, till we have finished our
expedition into the country of the lllinois and the Missouri.

We began our course on the Mississippi the second of August. This day was one
of the bottest we had felt in North America: Fahrenheit’s thermometer had risen to ninety-
seven. An hatchet exposed to the sun during an hour had acquired such a degree of heat,
that we could not hold it in our hands. The wind was south, and the weather thick and
hazy.

Immediately on entering the Mississippi, and after doubling the northern point
which separates the water of this river from those of the Ohio, we passed on the left a
great sand-bank, called in the langnage of the country barture, formed by this last river.
The sand-bank is long, flat, and covered with young poplars. At this point both sides of
the nver are low and swampy, and we saw nothing on the horizon which indicated that
there were any lands more elevated within a certain distance. For this reason the right
side of the river, opposite to the mouth of the Ohio, will never be proper for the
construction of any works, unless at an expense which would be uscless in a country that
1s yet a desert.

Three miles from the mouth of the Ohio, in ascending the river, is an island on the
left, called Buffalo Island, which is about a mile in Jength, well wooded, and high, with a
blackish soil, We observed on both sides of the river, ranks of willows, all of the same
height, resembling the finest Lombardy poplars, and arranged with so much symmetry
that each tree seemed placed at equal distances, which viewed from the water produced a
most beautiful effect.

After doubling Buffalo Point, we reached, at the distance of half a mile, Blk
Island, which is newly formed. The willows we saw on this spot were not more than from
two (o three years growth, Both passages are equally good; nevertheless, when the waters
are low, and in going up the river, the right side is to be preferred, leaving the island on
the left.

We rowed by Elk Island a mile, and a mile and a half higher we reached on the
right Pointe a la Perche, so called on account of the great quantity of willows with whit 1t
1s bordered: these willows are still loftier than those we have just mentioned, some of
them being sixty feet in height.

Between Elk Island and Pointe a la Perche the current is more gentle than from
this 1sland to the mouth of the Ohio. where 1t 15 so0 strong that we proceeded scarcely
more than a mile in two hours; and this with such difficulty, that the best Canadian rower
could not handle his oar more than a quarter of an hour without resting.

Half a mile higher that Pointe a 1a Perche, we reached on the right Charpon
Islands: these are three in number and they follow each other in succession; each i1s about
a mile Jong, including the canals by which they are separated. The lands continue low and



swampy to a very great distance on both sides, but they are of fine quality having from
twelve to eighteen feet of vegetable earth.

Three miles above these islands we reached Courcy Islands: these are four in
number, and occupy a space of two miles. The towing line 1s used for these three miles
(the towing line is made use of when the waters are low and the sand banks dry: in high
waters, or when the banks are steep, this mode 1s impracticable).

Before we reached Courcy Islands, we passed between two great banks, in order
to gain the right side, leaving the 1slands on the right. This is the only side practicable for
the towing line, the other being perpendicular and encumbered with trees, which renders
this passage extremely difficult. With a line of fifty fathoms, though the waters are low,
we bound no bottom.

Immediately after passing the last of Courcy Islands, we steered to the left, in
order to avoid a very dangerous sandbank; there 1s a passage on the right, but the current
is 50 strong. that it 1s practicable only in descending the river.

In crossing over, we met{ with a disagreeable accident: our boatmen, exhausted in
striving to master the current, siopped on a sudden, when the boat drove with such
violence and with so much force on a stump, which broke in its ribs, that we had only
time to throw curselves on the nearest of one of the islands, where we passed the rest of
the day to repair the damage.

We leammed with certainty, on leaving the Ohio, that from thence to the Missouri,
we could never proceed [aster than three leagues in a day, and sometimes only two.
Although our boat had twenty oars, the rapidity of the current, the immcnse quantity of
trees heaped together on both sides of the river, and which sometimes filled half its bed;
the transversal position of these trees, which changes the current of the niver, and
increases its rapidity, render this navigation very difficult and dangerous: we were
continually in the alternative of breaking on the trees, or striking on the sandbanks.

We estimated the current of the river in this place at six or seven miles an hour,
and often nine in channels formed by the islands. The country continues to be low and
swampy.

We proceeded nine miles and reached the English Island, called by the Canadians
Great Courcy Islands, and by the Indians Taiouwapeti. These island occupy a space of six
niiles, and arc twelve in number, ranged in groups of different sizes, and each affording a
passage: it is, however, safest to leave them all on the right; not only because the current
is less strong, but that nearly six miles are gained by taking the channel on the left. The
navigation for Little Courcy Island hither 1s good: the banks which are formed between
them, and which are dry, make it a very easy for towing,

We saw a great quantity of game of every kind on these islands, roebucks, bears,
and buffaloes; we killed one of the latter. From the mouth of the Ohio to this spot we
found neither creek nor river, nor saw any source whatever.

After passing the English Islands, we perceived that the lands begin to rise, and
cease to be swampy; the soil nevertheless, 1s poor, being either rocky or gravelly, missed
with reddish earth. At a Distance we perceived a chain of heights, called Taiouwapet
Mountain, which runs north and south, parallel to the river.

The whole of the quarter is covered with vines of the large kind, which differs,
however, from that which we found in the forth, the wood not being so thick; the fruit is
less, of a deeper red and sweeter: these vines climb to the tops of the loftiest trees.



At half a mile distance from the last of the English Islands, we found on the left
side a chain of rock. called the Little Chain. We kept to the nght, and two niules higher
we Tound a second, called the Great Chain, which extends inte the middle of the river,
and is a mile in length. The rocks that form this last chain being detached from each
other, leave a number of small passages, which, although perilous, may be passed with
less danger, aided by a good pilot, than the channel altogether on the right, where there is
a current so strong, that it cannot be stemmed without much loss of time and considerable
efforts, while amidst the rocks the water is almost stagnant.

After passing the Great Chain of rocks, keeping constantly to the left, the
navigatjion continues gentle and easy. We sometimes proceeded a mile and an half an
hour.

Here the ground on both sides rises in gentle slopes. and 1s no longer swampy; it
1s a mixture of rocks, gravel, and good soil. We beheld at intervals small rivulets, which
take their sources in the heights of Taiouwapeti. The quality of their waters is very
inferior to that of the nver.

The banks of the river are extremely dangerous in this place, from the quicksands
which often shift, and on which no one can step without the risk of being swallowed up;
our hunter had nearly perished in this manner, and was saved only by placing his fowling
piece in a cross direction, when we instantly threw out cords and hawled him on board
the vessel. These quicksands may easily be known by their luster, which have the polish
of glass, and by their humidity which resists the hottest beams of the sun.

We proceeded six miles, and reached, on the left side, Cape a la Cruche: it1s a
very elevated and perpendicular point, in front of which, and level with the water, is a
nest of rocks which extends to some distance, and which is very dangerous. These rocks
may casily be distinguished by the breakers.

The navigation during these six miles is good, i1f care be taken to keep onn the left
side.

Having reached Cape a la Cruche, we crossed a part of the river to gain an island
on the opposite side, which is bordered by a great sandbank, very conveniently situated
for towing. We thus avoided a very strong current on the left and which begins after
doubling Cape a la Cruche.

Three miles above Cape a la Cruche, we passed on the left the small island of La
Ferriere.

Towards four oclock in the aftemoon, we perceived in the horizon a kind of white
riband of great length, which was a flock of pelicans, called by the Canadians great
throats, coming from the north in their passage to the southward. They begin to arrive in
this latitude, in the month of June, as the cold approaches. In the month of December,
therefore, an innumerable quantity are seen at New Orleans, where they generally pass
the winter, and hatch their young. These birds travel always in flocks; when they reach
any great river, they range themselves all in one line, their heads tumed against the
stream, and thus suffer themselves to be carried down: they swallow all the fish that some
in their way, and deposit them in the great bag. When the river 1s too narrow to contain a
whole flock, they place themselves in a line of two deep: they prefer the Mississippi and
the Missouni to every other river, on account of their muddy waters.

At the distance of a mile and an half above the isiand of La Ferriere, we reached
Cape Girardot. We kept to the left side, to take advantage of a very strong eddy that



rcaches from this last 1sland to Cape Girardot, which 1s the first military point on the
river, from the mouth of the Ghio; both sides being wither swampy or broken by rocks.

Cape Girardot, on the contrary, 1s a block of granite, covered with a vegetable
earth, about a foot in depth; it commands the whole river, which by means of a point, or
very considerable alluvion, on the opposite side, is narrowed to the breadth of a mile at
most. In order tc avoeid the shallows with which this alluvion is surrounded, all vessels
that pass are obliged to keep very near the right side, which is within half cannon shot of
the Cape.

The upper part of the block or eminence A, 1s commanded by no height: that part
which fronts the river is steep and inaccessible; the large and deep defile surrounds it to
the north and east: on the south is a gentle declivity, which finishes in low and sometimes
marshy lands. The foot of the cliff affords shelter and excelient mooring for vessels.

Cape Girardot 1s, therefore, so situated as to supply what is wanting on the right
bank of the Mississippi. at the point which corresponds to the mouth of the Ohio. Placed
at forty-three miles and half only above 1ts mouth, this point command whatever issues
from that river, and covers perfectly on this side the place of St. Louis, from which it
could receive succour in twenty-Tour hours. This leads us to think that the true station of
the gallies is at this spot, where there is a fort respectable enough to protect them.

The river in great floods rises here as high as seventy feet.

In one of the viilages of the Loups which I visited whilst I remained at Cape
Girardot, I found a white who had formed an establishment. This planter in clearing had
destroyed a settlement of beavers: on examining, with the proprietor, the devastation
which had been made in the swelling and dikes of these industrious animals, we were
struck with the appearance of one among those we had killed, the skin of which was
totally without hair, and his body covered with scars. I conjectured at first that this was
the effect of some malady natural to this species of animal: but my host, to whom I made
the remark, informed me, that he was the slave of the family, and that a similar one was
found in almost ever habitation of the beavers.

"In each family.” said he, "there is one, which on his entrance into the world is
destined to be the slave. The most servile and laborious occupations are his lot; among
which is that of serving as a traineau for the conveyance of wood. When the beavers have
resolved on cutting wood, and it remain only to be carried off, the slave takes the stick
between his fore feet: the free beavers, seizing him by the tail, drag him in this manner,
nor 1s he permitted to quit his hold till he reaches home.”

If this be a fact, and I relate it with the same simplicity that it was recounted to
me, 1t i$ not astonishing that the body of this anima should be scarified an deprived of its
hair, by the continued fricion he must have undergone, when dragged through briars,
over stones and rocks. This at feast is certain, that the beaver I saw was without hair, and
covered with scars both old and newly made.

At the distance of half a mile from Cape Girardot, and on the left side, is 2 creek
which is almost dry during the summer: and hall a mile higher is the island Du Verrier,
which we left on the right. The navigation during this mile is easy, but the island being
very large, and narrowing the bend of the river, there is a very strong current on both
channels. We quitted the left side, and crossed to gain the island, which is surrounded
with banks, that facilitate the use of the towing line. The left side of the river,
independently of 1t extreme rapidity, is also filled with a considerable quantity of drift



wood, which chokes up half the channel; but these kinds of obstacles are but momentary;
the next year thev may totally disappear, and may probably embarrass some other point
of the river.

After rowing by the island Du Verrier, which is two miles long, and proceeding
three miles further, we reached False Bays, situated on the right side; we crossed again a
part of the miver, to gain a great sandbank which 1s dry, and where the current 13 less
strong. We lefi on the right, a mile from False Bays, an island without a name, which has
been only formed within these two years. Two miles and an half above this 1sland, we
passed another on the right, of which the name is also unknown.

The current during these last two miles and an half 1s moderate, and the
navigation easy; we Kept to the right side, which 1s bordered with flat rocks, and
convenient for mooring boats. A mile above this last island, perpendicular rocks rise on
the right bank to the height of two hundred feet: the left side. on the contrary, is swampy.

We rowed the length of a mile along this iron rampart, and reached on the same
side Mar] River (Riviere de Glaise), which 1s full of clay of this nature. The river is about
forty or fifty yards wide at its mouth, runs through low and swampy lands, and 1s almost
dry during the summer.

Four miles above, and on the same side, Apple River (Riviere aux Pomnmes)
empties itself. This river is from eighty to ninety vards in breadth at its mouth, and
though its water are low 1n dry seasons, there is nevertheless enough for the navigation of
Canogs.

Directly opposite to Apple River, Mud River (Riviere aux Vases) flows into the
Mississippt. Its mouth is concealed by a very considerable island, which forms two
passages; the first, in ascending the river, 15 the best. This niver is navigable sixty miles
for canoes, during the whole year; the country through which it flows is extremely fertile,
but swampy to a great distance.

Four miles above Mud river, and on the right side of the Mississippi, is the
Tower; @ name given to a great mass of rocks, at nearly fifty yards distance from the right
bank. Its round form, insulated situation, and Jofty height, led the first navigators to give
it this appellation. This rock offers nothing cunous excepting the immense quantity of
birds of every kind to which it affords an asylum. Six weeks previous to our arrival here,
an American family, composed of twelve persons, were all massacred. They had taken .
their station, on the left side of the river. Soon after their landing, two Chickasaws came
to visit themn with a friendly air, asking them for provisions and rum, which were given to
them, and they appeared to go away highly satisfied. But at daybreak a troop of twenty
Indians fell upon this unfortunate family, and massacred men, women, and children
without mercy. These murders are very common, and are committed almost always by
Indians proscribed and driven from their tribes for robbery or some bad action; the
vagabonds then wander through the woods, and rob and kill all they meet. These
depredations are 1n general committed by the Chickasaws; sometimes, however,
massacres take place by way of reprisal. If an Indian be killed by a White, as soon as the
news reaches the tribe, the whole nation swears vengeance, and that the same quantity of
blood which has been taken shall be shed: after which, the first White that presents
himself, whether a stranger or no, becomes their victtm. When such attacks are to be
apprehended, it is prudent to encamp in one of the small islands, after having well
examined it; or what is still better, to anchor alwavs at a little distance from the shore. To
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this precaution, which we cannot too strongly recommend to those who travel in these
deserts, we owe the preservation of our own lives.

Leaving the Tower, we proceeded threc miles and an half, and reached Winged
island (Isle aux Ajles), which we left on the right. In this space there are several eddies
on the left side, which favor the ascent of the river; the current is very strong on the right.

Four miies and an half above Winged Island is Five Men Cape {Cap des cing
Hommes), situated on the left side. It is known by the long line of rocks which precedes
it, and which though joined to the bank, extends far into the river. These rocks form very
violent currents, but beyond them the navigation becomes smooth and easy.

Three miles above Five Men Cape are Dung Isiands (Isles a la Merde); these are
four in number, and extend nearly three miles. We passed them on the left, and half a
mile higher we reached the river St. Mary, situated on the same side. Opposite its mouth
1s a little island called Perch Island (Isle a la Perche), which we left on our right.

A mile and an half above Perch Island, we reached the island of Kaskaskias.

From Five Men Cape the navigation is good, and even easy, but care must be
taken when at Perch Island, to cross the river and gain the right side, where the current is
much more gentle than on the left.

A mile above the island of Kaskaskias, we reached the mouth of the river which
bears this name.

The appearance of the country from Cape Girardot to this place, varies but little;
every where we find small rocky heights, intersected by vallies, which are often
overflowed. Excepting Cape Girardot, the whole of this country, from the Ohic to
Kaskaskias, 1s uninhabited.

The river Kaskaskias is nearly on hundred and twenty yards broad at its mouth,
and affords in every season a gentle and safe navigation for ail kinds of boats. The village
of Kaskaskias, situated ten miles from the mouth of the river, is the first settlement in the
country of the Illinois.

From Kaskaskias to Salt River is reckoned ten miles; from thence to St.
Genevieve four; [rom St. Genevieve to Fort Chartres twenty; to Joachim River erghteen;
to Marimeck river fifteen; to the village of Carondelet fifteen: to St. Lewis ten; and to the
Missouri River four.

The whole navigation from the river Kaskaskias 1s excellent, and traverses a
country very well inhabited, called the Illinois.



RECAPITUATION OF THE DISTANCES
FROM THE MOUTH OF THE OHIO TO THAT OF THE MISSOURI

From the mouth of the Ghio o Miles
Buffalo Island 3

Its length 1

Elk Island 1/2
Its length 1
Point a la Perche 1 12
Charpon Islands 1/2
Their length
Courcy Islands
Their length
English 1slands
Their length
Lattle chain of rocks 1/2
Great chain

Cape a la Cruche

Island a la Fernere

Cape Girardot

Island du Verrer

Its length

False Bays

Marl River

Apple River

The Tower

Winged Island

Five Men Cape

Dung Islands

Their length

River St. Mary

Kaskaskias Isiand

Salt River

St. Genevieve

Fort Chartres

Jouchim niver

Marimeck River
Carondelet village

St. Lewis

The Mouth of the Missouri
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The most valuable information which we acquired during this short passage,
respecting the navigation of this niver, as well from our own observations as the different
accounts which we could procure, was, that whatever talents, patience, and courage may
be exercised in undertaking this expedition, there are obstacles which will forever render
it impossible to obtain either charts or any certain details respecting the course of this
river, which can server etther as a guide or instruction to travelers.

The Mississippi has not only the inconvenience of being of an immense extent, of
winding in a thousand different directions, and of being intercepted by numberless
islands; its current is likewise extremely unequal, sometimes gentle, sometime rapid; at
other times motionless; which circumstances will prevent, al long as both sides remain
uninhabited, the possibility of obtaining just data with respect to distances. But an
msurmountable obstacle will always be found in the instability of the bed of this river,
which changes every year: here a sharp point becomes a bay; there an island disappears
altogether. Further on, new islands are forimed, sandbanks change their spots and
directions, and are replaced by deep channels; the sinuosities of the river are no longer
the same: here where it once made a bend it now takes a right direction, and there the
straight line becomes a curve: here ravages and disorders cannot be arrested or mastered
by the hand of man, and it would be extreme folly to undertake to describe them, or
pretend to give a faithful chart of this vast extent of waters, as we have done of the course
of the Ohio, since 1t would not only be useless but dangerous. It 1s for these reasons that
we shall confine ourselves, as we proceed, to general ideas with respect to the navigation
of this river, and treat in detail only of the most striking military points situated on its
current. If from the Ohig to the river Kaskaskias we have deviated from this rule, it is
because that pait of the river is reckoned the most difficult, and also varies less on
account of the two chains of heights which bounds its banks, and which fix and master its
course,
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