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Shcvelnose sturgeon collected during biologfcal 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 censidered a navigation hazard. Thrvugh 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, Cap ....... Girardeau L TRMP field station. One hundred and twenty six fish wer;] 
collected. The collection was dominated by shovelnose sturgeon but also included paddlefi~h, 
blue catfish, sauger, nnd goldeye. The results of this work are ill Appendix H. Post­
rnodifica~ion monitoring al this site is scheduled for 2001. 
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A void and Minimize 
Environmental Impacts Program 

SL Louis District - Mississippi Valley Division 
2000 Progress Report 

Executive Summary 

The St. Louis District agreed to establi sh an A void and Mi nimi ze Program (A&'M) in 
1992 to reduce possible environmental impacts of increased navigation traffic due to 
construction of a second lock at Mel vin 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 report detailing 
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 mile 289. The original design called for the placement of 
five chevron dikes at the sileo 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 lim.itations, only 1 chevron dike can be constructed. Plans now call for that structure to 
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 habitat. 
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. FOrly-seven species of fish have been collected in 
association with off-bankline revetment jn Pool 24. 

Work to assess and improve fish passage at Lock and Dam 25 continued in 2000. Results 
from 1999 showed that fish movement through the dam gates occurs almost exculsively during 
open river conditions. Monitoring effol1s in 2000 focused on creating hydraulic conditions to 
extend or create open river conditions outside of the natural period of open river. Gate 
manipulation work during the summer found that extending the period of open river is possible, 
but that velocities increased in gate bay 17. Fish movement data was inconclusi ve. Changes in 
gate 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 last 300 fe of the dike to -15 [t. below the water (creating a weir). Prior 
10 construction the site was considered an excellent over-wintering location for fishes. Fish 
sampling resul ted in the collection of 126 fi sh 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 repoI1s on the monitoring of effects of Environmental Pool Management (EPM) in 
Pool 25 were completed in 2000. It should be pointed out that both studies (Oak place during 
what would be considered extreme years for EPM and water regulation. 

The report on waterfowl food production found that a number of species of planrs, 
including smartweed and chufa. responded to [he drawdowns and that seed production was 
higher than those documented at other intensively managed mois\ soil impoundments. 
Conversion of seed biomass to potential waterfowl use days revealed an abundance of available 
forage. Avian use surveys found waterfowl 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 vegeta.tion 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-vegetated areas, though those findings were susceptible to 
the high variability 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 vegetated 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 period, and olltside the normal 
guidelines for EPM. Early spring sampling found that the residual vegetation produced by EPM 
was used by over 27 species of fish, with most larval or juvenile fish. Additional work is needed 
to help establish what impact varying the EPM regime from year to year has on fish. 

2000 was the fifth 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 selection of areas in the main channel, downstream of wing 
dams and upstream of wing dams. Pallid sturgeon show no selection, negative or positive, for 
bend\.vay weirs. Based on these results, future St. Louis District projects in the open river will 
gi ve consideration to the creation or protection of these types of habitats and the impoI1ance they 
may play in the recovery of the species, 

A repor! documenting the 1995 bendway weir blast sampling survey at Price's Bend was 
completed in 2000, This report showed Lhat blast sampling was an effective means of sampling 
in the extreme conditions seen in bendway weir fields and documented the differences in catch 
efficiency by gear type under those conditions. Twel ve species and 217 fish were collected 
dun ng the blast survey. 

In November 2000, a meeting was held to coordinate the placement of wood structures in 
the Mississippi River. This meeting was in response to requests from our A&M partner agencies 
who have long requested That the St. Louis District explore ways to incorporate woody srructUre 
into our Operation and Maintenance Program on the MiSSissippi River. 1t was decided initially 
that t"\.vo different types of structures wouJd be placed. Four sires were selected for placement, 
with construction to take place in 2001. 
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The A&M prolotype moonng buoy below Lock <Ind Dam 25 \Vas 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 [he original buoy. The original buoy was returned to the 
Disuict Service Base where il will be modified based on Ihe new design. Plans call for that buoy 
10 be placed below Lock and Dam 22, if a suitable sire can be localed. 

A vision document for middle Mississippi Rj ver side channe.l restorati on was completed 
in 2000. This document serves as a guide for side-channel conservation and reSloration work in 
middle Mississippi River. The condition and physical a({ribules of every side-channel in lhe 
middle Mississippi River is outlined, as are (he potential actions needed for rehabilitation. A 
multi~agency committee of A&M learn members created the document, and while not a product 
of the A&M program, will be used by the A&M program as we undertake future side channel 
work, 

The 200 I A&M budget is expected to be $1 mi I! ion. Proposed construction acti vities in 
2001 include conslfuction of the chevron dike in Pool 24 and placement of the wood structures. 
Monitoring work wi II include continued sampling at the chevron dike and multiple roundpoint 
stlUClUres, new sampling behi nd the bullnose dikes, continued [racking of pallid sturgeon in 
relation to Corps trai ning stfOC(UreS, and post-modI neat.ion moniwring at dike 53,0. Further 
testing of gate manipulation scenarios at Lock and Dam 25 wi 11 occur in 2001. Monitoring of the 
effects of changing the Environmental Pool Management reg1me wi 11 also continue. Plans also 
call (or a generic side-channel micro-model to be created to assist in planning future side-channel 
resloralion and enhancement work. 
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A void and Minimize 
Environmental Impacts Program 

SL Louis District· Mississippi Valle)' Division 
2000 Progress Report 

In October 1992. the Sf. Louis District issued Design Memorandum No. 24, 
"Avoid and Mjnim..ize Measures. Melvin Price Locks and Dams, Upper Missis~ippi River 
- Missouri and Dlinois". The document was developed as a commltment made in the 
1988 Record of Decision atlached to the Melvin Price Locks and Dam Environmenlal 
Impact Statement for [he Second Lock. St. Louis District set aside funds from 1989 (0 

1995 to implement eight elements recommended by the study team. Implementalions of 
measures in that part of the program were detai led in the 1995 Progress Repon. In fiscal 
year 1996, O&M funds were received to begin full-scale implementation of 
recommended measures. The planning and implementation Learn consists of staff from 
[he US Anny Corps of Engineers-St. Louis District, U.S. Fish and Wildlife Service-Rock 
Island (FWS), Illinois Department of Natural Resources (IDl\'R), Missouri Department of 
Conservation (MDOC), River Industry Action Corrimittee (RlAC). Ilnd the Long Term 
Resource Monitoring Station (LTRMlMDOC) at Cape Girardeau. Mo. Each group 
conuibutes staff time to plan and atlend meetings and collect data as part of a monitoring 
program. This team meets at least once a year to discuss ongoing work and plan future 
work. Outside of these meetings the St. Louis District routinely corresponds with the 
team to coordinate monitoring and solicit ideas and input. 

The A&M program has produced a yearly progress repon since 1995. This repan 
details project aClivities 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 Desi gn Memorandum No. 24. are avai I able from the SI. Loui s Di strict. 

2000 A&M Program Activities 

A&M 1. 2000 Construction. ConslJUction effons in 2000 were focused on Pool 
24. In 1993 the A&M program constructed three chevron dikes at RM 289.0. These. 
chevrons were placed to hold dredge mal.eriaL control main channel and side channel 
deposition, and improve habitat di versity. These structures have proven to be excellent 
l~abita{ for both fish and macrolnvenebrates. The original desi gn 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 pJaced bel"Ween the e>usting 
slrllcrures, and the construction of a nOlched closing structure behind South Fritz Island, 
just below the chevrons. However, due to abnormally lower wa[er levels in 2000 the new 
chevrons and notched di ke could not be constructed. Funher on si te inspection has 
resulted in the detennination that, due to flow and depth limitations, only 1 chevron dike 
can be constructed. Plans now call for that structure to be completed in 2001. 
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A&M 2. Chevron Dike Monitoring. The A&M program has constructed three 
set.s of chevron dikes. The first set was constructed in 1993 at river mile 289 in Pool 24, 
near Cottonwood Island. This set of chree dikes was constructed in 1993 as an alternalive 
(0 consU'ucting a closing rock structure, to maintain the existing flow split in that reach, 
and as a placement site for dredge dlsposal. In 1998, three chevron dike~ were 
constructed at river mile 266, in Pool 25. These dikes were placed (0 focus main channel 
flow. In 1998 a single chevron dike was constructed at river mile 250, also to focus river 
flows. Future work calls for (he placement of four additional dikes at the river mile 250 
site. construction of an additional dike at river mile 289, and construction o( a set of 
chevron dikes at river mile 226, in Pool 26. Since construction, bJologlcal 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 n jjnois Department of 
Natural Resources (IDNR) has sampled the set of three- chevron dikes located in Pool 24, 
near Cottonwood Island (river mile 289), since they were constructed in 1993. The sile 
was sampled four times in 2000. Analysis of the entire data set shows that fish are using 
the chevron dikes and that catch rates inside the chevron dikes are more than double 
catch rates oLltside 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, smalJmourh 
buffalo, largemouth bass, and bluegill. The outside of the chevron dikes are providing 
excellent habitat for a variety of fishes including channel catfish, flathead catfish, 
common carp, minnows, and shiners. A detailed summary of lhe. IDNR 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 Mi 5si ssippi River (ri ver m i Ie 266). One 
complete and one panial di_ke were constructed in June 1998. ]n March 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 September 
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, velocilY, and hydroacoustic 
fisheries data was collected. 

Fish were found in association with the chevron dikes during all three sampling 
trips. The upper and middle dikes showed a marked increase in fish densiry in the 
December sample. These increased concentrations are likely due to lhe fact that fish are 
using lhe SLrucrures as over-winre,ring habitat. Both dikes provide the deep holes and low 
velocities thai fish seek out dl.ll;ng the winter. The lower dike had no over-winteri.ng fish 
and heJd very few fish during any of our sampling trips. This lack of fish may be due to 
the configuration of that dike andlor when it was constructed. The configuration of that 
dike (the riverside leg is much shoner than the bankside Jeg) does nO( provide lhe refuge 
from nver flows that the other dikes appear too. Having been conslructed one year later 
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than the upper two chevron dikes. the lower chevron dike has had only IWO high water 
event to create a scour hole behind the dike. The lower dike is also buill higher than the 
other dikes. Consequently, depths behind the lower chevron dike are shaUower than 
behind either of the upper two chevron dikes. While lower than (he December sample, the 
August and September samples showed that fish were using al l three. of the. chevron 
dikes. The density data from September 2000 (pooled conditions) was similar to that seen 
at open ri ver in August 1999. Detailed results are available in Appendix A. 

Monicoring at the site will continue in 2001. Presenc)y a summer and a winler 
sample are scheduled. In addition to hydroacollscic monitoring, gill nets will be set 10 

determine species composition behind ehe dikes. 

A&M 3. Multiple Roundpoint Structure Monitoring. In 1998, the A&M 
Program constructed a multiple round point structure (MRS) in Pool 25 (river mile 
265.7L). This innovative training stfllcture consists of 6 separate round rock poinrs, Of 

cones, on 100 ft centers extending from The bank in a fashion simllar 10 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 nOI 

connected to the other points. 

The multiple round point structure has been monitored since conslruction for both 
fish use and bathymetric changes. Electro-fish sampling has been conducted by the 
Illinois Depanment of Natural 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 to 21. New species collected 10 2000 were the mooneye, 
spotfin shiner, river shiner, sand shiner, and bullhead minnow. Gizzard shall emerald 
shiners, carp, freshwater drum, and flathead catfish continue making up the majority of 
[he collected fish. On every sampling occasion prior to 2000, blue sucker were collected. 
Collection of the blue suckers is of interest because the species is uncommon in lhe 
Mississippi Ri ver and.is a species of concern with resource agencies. No blue suckers 
were collected in 2000. The Dlinois report concluded that Ihe siruccure was providing 
useful and valuable habilat (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 NlRS. The area was all shallow sand 
wave habitat prior to construction. 

A&M 4. Off-bankiioe Revetment Monitoring. From 1991 to 1995 Ihe Illinois 
Depanmenl of Natural Resources (IDNR) conducted fish sampling on the Gosline Island 
off-bankJine reveement (OBR) in Pool 24. In 2000, the SL Louis Dislnct asked the IDNR 
to prepare a report on chat work to help aid the A&M program in assessing the impactS of 
off-bankline revetment and to belp evaluate and plan future work. The results of the 
IDNR work showed that the Gosline Island off-bankJine revetment, placed in (he mid· 
19805, was providing valuable habitat for a variety of fishes. For the study five sites were 
sampled: the outside rock of the OBR, [he inside rock of (he OBR, the natural bankline 
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behind the OBR. and [\.1.'0 control Siles (a main channel border si Ie with conventional 
revetment and a side channel border si tel. ElecLrofishing catch rates Were highest ~Jong 
(he natural bankJine inside the OBR, followed by the inside rock, side channel border, 
and outside rock. Catch rates were lowes! at the main channel border sileo A lotal of 
forty-eight species of fish were collected during sampling, with 47 species associmed 
wich 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-c.h:mnel fi~he.~) were collected in~ide [he OBR. The TDNR report ~taled thaI (he OaR 
was providi ng eAcellenl habitat for qual.iIY sized catfish and from The species composition 
and number of young of the year fish present, that the. inside of the OBR appears to be 
providing backwater habi tat in a reach where such habitat is limited. A copy of the IDNR 
repon is available in Appendix C. 

A&M 5. Effects of Environmental Pool Management on Fish and Wildlife. 
The St. Louis District has employed Environmental Pool Management (EPM) since 1994. 
EPM resulted from oper,nional changes in the way the navigation pools are regulated 
after high water evenlS. What results is a large crop of vegetation in the lower ends of 
Pools 24, 25.and 26. This vegetation becomes avai I ab Ie to fish, aquatic insects, and 
migratory birds as water levels rise. The District is exploring ways to further enhance 
EPM but lacks basic information on fish and migratory bird use of the EPM created 
vegetation. In 2000. Southern l11inois University-Carbondale completed two studies to 
determine the response of waterfowl, aquatic invenebrates. fish and water quality to 
wetland vegetation produced by EPM (Appendix D). 

It needs to be noted that the hydraulic regime during these studies was extreme 
compared to 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 grealer vegetative response [han in 
other years and the extended dewatering of areas (hat typically would not have been 
exposed for such a long lime. 

SA. Effect<; of \Vater Level Management on Waterfowl and Waterfowl Food 
Production in Pool 25) Upper Mississippi River. The objectives of this study were [0 

characterize [he plant community associated wi[h water level management and estimate 
seed biomass production, quantify the aquatic invertebrate population response to 
incre<.lsed vegetation production. and characterize the spring migratory waterfowl use of 
habitats produced by water level management. 

Fifteen genera of plants were documemed during the study, with smartweeds, 
barnyard grasses. and sedges occurring most frequently. Seed production levels produced 
by EPM were substantially higher than those documented ai other intensively managed 
moist SOli impoundments on the UMR. These high seed counts result in high quality 
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habitat and abundant food availability for migrating \.valerfowl. Little zonation in plant 
species distribution with elevation suggests relatively unifonn availabili[y of food 
resources in the study area. Seed biomass estimates were convened 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 waterfowl. 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 surv! ve 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 waterfowl use days were recorded each year in the study area 
during the spring migration. Waterfowl were using the vegetated areas with over 94% of 
all waterfowl 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 community of 
annual moist soil plants [hat in [Urn are producing a large quantity of seeds known to be 
important to waterfowl and other migratory birds. The organic matter produced by EPM 
contributes (Q the overall energy budget of the river. having benefits both inside and 
outside of the project area. AdditionaJ research needs to be conducted on the relationship 
of macroinvenebrate densities and EPM and how varying the EPM regime affects plant 
growth, and consequently watetiowl disrribution within the study area. Evidence is 
suggesting that a varying the way EPM is implemented between pools and be[ween years 
may provide the greatest long-term benefit to the resource. 

SB. Fish and Water Quality Responses to Vegetation Produced via 
Environmental Pool Management Pool 25, Mississippi River. The objectives of this 
study were to examine fish use of EPM created vegetated areas versus similar non­
vegetated area<;. detennine the benefit of residual vegetation to young fishes. and monitor 
the effect of vegetation on water quality and zooplankton. 

FOllr sites in Pool 25 wert sampled after the 1999 summer pool draw down 
(29 June to 12 August). Vegetated and non-vege(ated areas were sampled at each site 
from 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 s(atically significantly higher 
In the vegetated plots. The high variability associated with a smJIl number of samples 
and sites may have been the cause. The greatest difference between vegetated and non­
vegetated areas was seen at the Turner Island site. At this site the vegetation was 
accessible (Q fishes that typically use flowing water habitat. 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 three of the 
four sites. Low DO values were probably caused by decomposition of vegetation and low 
atmospheric mixing. Backwater sites were dominated by fish Ijke the common carp and 
mosquiwfish. which are tolerant of low oxygen levels. Results also indicated thai fish 
may be excluded from using the internal portions of large expanses of dense emergeOl 
vegetation because of the low DO. 

While the backwater sites had the greatest DO problems, the highest diversily of 
fish collected was in a backwater along the vegetauonldevegetated interrace. This edge 
habitat likely attracted edge-dwelling fish. Increasing this edge habitat in dense 
vegetation stands, like those created in 1999, would likely benefit fish lhrough the 
creation of habitat and the alleviation of low DO conditions. 

Residual vegetation from the 1998 EPM effort was sampled in the spring of 1999. 
This vegetation consisted of dead stalks of smartweed. 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 invenebrale 
abundance. Uncommon fishes like the blue sucker, mooneye, silver chub and slenderhead 
darters were collected in association with the residual vegetation. Overall 28 species were 
collected in the residual vegetation. with most being late Jarval or early juvenile fish. The 
results ind.icate 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 drawdowl1 kept water levels about [wO feel lower than the 
target EPM elevation and for much longer than what had been e.xperienced in other years. 
This resulted in a greater vegetative response lhan in other years and the extended 
dewatering of areas that typically would not have been exposed for such a long lime. This 
was seen in the presence of exposed mussel beds and isolated backwalcrs. The elevation 
at which many of these areas became exposed or isolated was 431. 1 ft below the lowest 
target elevation (432) eSlablished for EPM. The authors suggested that alternating the 
EPM regime to compensate for the negative impacts of a previous years drawdown 
shou.1d be explored. 

Data from 2000, during which water Jevels were intenlionally held on the higher 
end of the EPM range, are presently being analyz.ed. Furure VJork will focus on the 
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analysis of the zooplanbon data, invertebrate data collection. the establishment of new 
sires, and further evaluation of [he timing, duration and depth of EPM drawdowns. 

A&M 6. Fish Passage Improvement at Lock and Dam 25. The A&M program 
began a projecr in 1999 to monitor fish movement through the dam gates at Lock and 
Dam 25. This work was undertaken to assess the possibility of conditional gate 
management and or structural alternatives to enhance the ability of fish [0 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 thai fish were moving 
through the dam at open river. Movement oPP0frunities oULSide of open river are 
probably very bmited. All monitoring work is being conducted in the last gate bay (17) in 
the succession. This tainter gate bay is located on the lllinois 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 oUlSide of the natural period of open 
ri \ier. 

Spring rains and snow melt within the basin fuel the increase in spring flows seen 
on the Mississippi River. In 2000, lhe increase in spring flows was nOI enough [0 create 
open ri ver 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. Tn June of 2000, Lock and Dam 25 did finally 
reach open river condiLions. To lest whether open river conditions could be extended, it 
was decided that as the Lock and Dam 25 staff returned Pool 25 to a pooled condition, 
some gates would be left completely out of Lhe water. To compensate for those gates, 
other gates would be lowered into the water further than normal. Changes in velocity, fish 
movemenl, and adverse impacts LO tows using Lock and Dam 25 were all recorded. This 
te~t was conducted on 10 J u I y. The I ast five gates (13-17) were all held out of the water 
while the other 12 gales were lowered into rhe water. As flows decreased during the day 
lhose 12 gates were lowered while gates 13-17 remained our of the water. Eventually 
gales 13. J4, and 15 were also lowered. Wi thin 10 hours of the I ni (ial gare movements, all 
17 gates had 10 be lowered imo (he water (0 maintain pool. 

Fi~h movement did not change due to altering in the gale settings. This is in large 
paJ1 due to the facl that there was minimal fish movement prior to 10 July and on 10 July. 
Sampling on 29 June found a fish movement race of .12 fish per minute. Open river 
conditions occurred very late in 2000 and likely occurred after (he conditions (water 
temperature was already 80°F) that cue spawning migrations in many fishes. Lock and 
Dam 25 went to open river on 9 June, which also allowed an excellent opponuruty for 
fish movemenl prior LO 29 June. 

JO 



Some concern was expressed rhat the gale manipulations would creale changes in 
now pauems that could affect tows entering and exiting the lock. Tow pllots were 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 fool per second (fps) and the percent of flows below 2 fps. 
These numbers were based on ex.amination of fish prolonged swimming speed, Most 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 to 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 chese 
percentages continued to drop. Near the end of the test, but prior to placement of gales 16 
and 17 in the water, less than 13% of the flows were below 4 fps and less Ihan I % were 
below 2 fps. By compari son, on 29 June, dun ng open n ver condi rions, 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 {hrough Lock and 
Dam 25 but movement appears to be limited to periods of open river. Manipulating [he 
gales [0 extend the period of open river is possible, but as originally tested also increased 
velocities in gate bay 17. Fish movemenc data is inconclusive. Changes in gale operations 
do not appear to affect tow traffic, Work in the spring of 2001 will include manipulating 
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 [he true effects of gate manipulation on fish movement A 
study report will also be completed in 200J. 

A&M 7. Middle Nfississippi River Pallid Sturgeon Habit.at Use Project. In 
2000, the A&M prograU\ continued for the fifth year to fund Southern lllinois UniversilY­
Carbondale, Cooperative Fisheries Research Laboratory to monilor the relationship 
between river training structures and the federally listed endangered pallid slUrgeon, and 
to collect life history information, Effons in 2000 focused on collecting and Implanting 
new fish, rracking existing fish, and continuing observation of a purported sturgeon 
spawning site near Chesrer, Illinois. 

Unfortunately. no addirional pallid sturgeon were obtained from commercia] 
fishermen and implanted with sonic transmitters during year five, Two pallid sturgeon 
were collected but not implanted with transmirrers, due to their small size. Tracking 
continued in 2000 on rwo fish implanted in 1999, one of which was i'demified as a female 
with eggs when originally caprured. 

A total of 195 reI oeat! ons of the study fi sh have been made from J3 Nove mber 
1995 to 31 December 2000. Mos! of the tracking efforr was made berween RM S) and 
151 in order to max i mize relocat ions. Tht study [i sM were located. in the main challnel 
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habitat for 381:;( of all relocations .. Mai n channe I border and bet ween Win g dam habitat 
were used by the fish nc;; ,md 14Cii percent of all relocations respel'ti vely. Twenty-Fi ve 
percent of a1l the relocations were in somc \'v'Jy associmed with river trainmg structures. 
When water temperLJlures were below 4°C. the sturgeon were found In association with 
current-disruptJon structure& more often than during the study as a whole (12% of the 
time compared to 9%), however the main channel was still used most often (48%). Mam 
channel and main ch.annel border habitat were used 82o/t-· of the lime once water 
temperatures exceeded 4uC. 

Habitat availability ;malysis indicates thilt the study area Vias approximately 649; 
main channel, 11o/t: main channel border, 1 % downstream island tips. and the other 240/(. 
of hab! tat types bei ng reI ated to ri ver (fai ni ng structures. The sturgeon showed posi ri ve 
seleclion for, in rank order: main channel border. do",n stream of island lips. between 
wmg dams, and the tips of wing dams. The fish showed a negative selection for. in rank 
order. main channel, down stream of wing dams, and upstream of wing dams. Seasonal 
trend work showed that the study fish generally moved downstream in the wjnt~r. 
upstream dUii ng the late sum mer and fall, and h ad variable movements in the sprin g and 
summer. Fifty-five substrate samples taken at the points where sturgeon were relocated 
indicated that the. fish were most conunonly found over sand (81 ~~), and occasionally 
over sand/gravel (9'1'(1) and mud/silt (5.5%) . 

Spawning site work in :WOO expanded s:Jmpling work completed in 1999. The site 
was s:lmpled twice in 1999, and consisled of sand, very course sand, graveJ, and pebbles . 
In the spring of 2000, the site was sampled on three occ:lsions with a benthic egg dredge. 
No eggs of any lUnd were collecled. In addition, trammel nets were drifted through the 
area during each sampling trip. No pallid sturgeon were collecte.d and shovelnosc 
sturgeon made up the major.ty of the catch (59%). The St. Louis District was scheduled 
to collect bathymetric, velocity, substrate. and hydroacollsllc fisheries data at the site , but 
shallow water depths during the sprint in 2000 did nO! allow the survey boat access to the 
sIte. Thai wOfk is now scheduled for spring 2001. 

The results of this study indicate thaI pallid sturgeon may have a prekrence for 
the types of habitats and conditIOns crc:.Hed along the main channel border, downstream 
of island tips, and between wings dams . Based on these results, future St. Louis Dismcl 
projects in the open n ver (including the A&.M program) will gi ve consideration to the 
creation or protection of these types of habitats and the importance they may play in the 
recovery of the species. Res:oration or creation of these types of habitats will increase 
n3bitat di versifY in the open ri ver. Increased habitnt di versity wiJl in tum benefit man) 
species, Including the pallid sturgeon . 

Southern .illinois Univers ity-Carbondale also completed a supplemental report 
which specifically addressed pallid st:Jrgeon use of reaches with bendway weirs . This 
repon looked at pallid sturgeon use ell the Kaskaskia and SL Genevie"e bendway weir 
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.fl eJds. Those two fields were wilhlll the area (nver mIles l)4-1.~3 ') that acu)unted for over 
70% of all pallJd sturgeon relocatIOns. Within that 30 mi Ie area. bend\\uy weir reaches 
compnsed about 10% of the available habitat. Pallid sturgeon relocations were t0und In 

association with bend\\'ay weir habllat 80/(' of the tlme. Based on those results il dOes not 

appear that pallid sturgeon select for or against bendway weir habitaL. 

More detailed results of the pallid sturgeon work is 3vai lable In AppendIX E. 

A & M 8. Bend way Wei r Fisheries Su ryey Repo rt. Since 1990, the S t. Louts 
District has installed twenty bendw~y weir fields In rhe l\1ississippi Rjver. Hydroacoustic 
fi sheri es work h as shown that fi sh are usi ng the wei r fie 1 ds but de[enni oi ng speci es 
composition W:lS impossible. In 1995. the St. Louis District, in an effol1 to detennjne 
what species are found In association with bendway weirs. conducted a high explosive 
fishenes survey at the Price's Towhead bendway \veir fl~ld. In :WOO. the final repon on 
that work was completed. A lotal of 217 fish was capt urcd us; n g bl ast fi shi 11 g at the 
Price's Towhead site. representing J:2 different species. freshwater drum dominated the 
c3ich, followed by gizzard shad. and blue catfish. Species compositIon dIffered by 
capture method. Four species. shovtlnose sturgeon, SKippcK herring, stoneca! and 
freckJed madtom, were collected only In the mId-water catch nets. Two species, carp and 
small mouth buff a 10. were collected on 1 yin the su rface collections. S peei es speci fic catch 
efficiency varied ~reatly by sampling gear. Con ventional fish collection techniques (e.g., 
trotlines. £dl nets. and hoor nelS) v. ere ineffective c;lpture methods in the bendway weir 
field when compared wlIh [he blast fIshIng. 10 ract. the IT,ost numerically abundant 
species taken by explosives (freshw:ltcr drum) was nOI taken by conventional sampling 
techniques. The complete report is loc:ned in Appendix F. 

A&M 9. Wood Structure and the O&M Progam on the Open River. The 
A&M program paJ1ner agencies hnve long requested 1hat the SI. Louis District explore 
W3)'S (0 incorporate wood structures Into our Operation and Maintenance Program on the 
Mississippi River. The pOlenllal ellvironmental benefits of (he District incorporaling 
wood y struct ures i mo i lS 08.:.M progr~m inc I ude increased habi tat di versi ty and increased 
organic matter in the ri ver. ) n Kovember :WOO. a meeting was held between the Corps. 
IllinOIS Depa.rtment of Natural Resou rces and the USFWS to detenmne how and where [0 

place wood y structure. It \Vas deci ded i ni lia)1 y that t\\'o dlfferen t types of structures woul d 
be prepared. wood bundles and a modified pile dike structure. The logs La be used for (he 
project came couI1esy of the Westvaco Corporation. Actual desi gn and placement of the 
structures will be determined onsite by what is feasible and safe. 

The fi rst work. si le wi 11 he 1 n the dJ ke field bet ween di kes 164.9 and 165.1. Thi s 
sile will st;'ve as the testing sile to deLennine 'what is prac tiCal when dri\,lng log<:.. Once I, 
has been eSlclhlished wh:lt is re~.sibJe. the crew will move. downSlream and place an 
unron:ed dike at about ri\ler mile 1 C;,'- .SR near the head of the sandbar. ThiS site Wa~ 
eh risen be;-au:;e placemen 1 here waul d hke 1 y collect debri s and push flov. around t'le 



b,lc:kslde of the sandbar. helpm~ [0 lsolat(; the sandbar from the bank. Two SJl~ were also 
sc,eC:Led for the placement of log hundles. Log bundles \vill be pl;:JCcd behJnd an L-dike at 
river mile 165.5R and a wing dike al nver mile 157.3L 

Pre-construC(Jon monitoring will include bathymetric. velocity. hydroacousllC 
fish. and substrate surveys of the proposed sites. Post construction monitoring will also 
mclude bathymetric, velocity. hydroacoustic fish. and substrate surveys, as weU as 
macroinvenebrate and flshenes collection . The structures will be monitored and 
evaluated for their value as river training devices. Construction wi 11 take placen 200 J . 
Monlloring will also begin in 2001. The results of the November meeting art In 

Appendix G. 

A&M 10. Mooring Buoy Replacement at Lock and Dam 25. The DIstrict 
replaced the mooling buoy below Lock und Dum 15 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 to the Disuict. The location below [he dam 
facilitated alignment with the lock for tows using the buoy on their way upstre~m . The 
tow capLnins experienced and reporred several problems with the buoy as it was designed. 
First and foremost. it had a tendency to tum over, thus being unavailable for use. Second, 
it vacillaTed severely in the current created by high flows and was therefore unsafe for use 
dunng Ihose conditions. The prototype dcsjgn \-vas modified to correct the original deSIgn 
problems. Major design changes included a deeper and longer keel and a longer buoy. 
The height was 8lso increased to make access to the buoy easier for deck hands 
artempting to (ie-off from empty barges. A new buoy was constructed, based upon the 
modified design, with shared funding from the Maritime Administration qnd the A&M 
program. The new buoy was transported from Bollinger ShIp Yard In New Orleans to the 
Service Base in St. Louis by Ihe navigation Industry. The new buoy was placed in late 
September. Preliminary indications are that the new buoy is functioning much bener than 
the ori gina!. 

The prototype buoy was removed from Lock. and Dam 25 when the new buoy was 
installed and transported to the D1SLnct ServIce Base. Present plans are to modIfy lhe 
bu()y at the Service Base, based upon the new design. nnd deploy it aJong .the left 
descending bank below the lock at Lock and Dam 22. The Corps is working with our 
partners in the towing industry and MJssouri Departmenr of Conservation to find a 
5uimbJe on-bank mooring locatIOn. Modification and installauon of the buoy ano bank 
anchor will be accomplished utilizing A&M funds, hopefully in 200 I. 

A&M 11. Wing Dike Modification Pre-project monitoring, Dike 53.0L. In 
Ja:1uary of 2000 the Corp collected prc-modificanon multI-beam bathymetry. velocity. 
and hydroacQuslic flsheries data at an e>i.1Sung dike located Jt fiver mile :53. As 
constructed, the dike e\tended 600 ft. inlo the river and had an elevation of + l5 ft. LWRP 
(3J0.48) . The dike, which extended Into the navig3tJOO channel and was cQnslI.:ercd a 
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navigation hazard . Was. ~cheduled for modlflcatJC)n during the summer of :WOO . Several 
modi ficat ion alLtJ1lati ve~ \\ ere di sClIssed, i ncl udi n g ( J ) removin g the J a50l 300 ft. of the 
dike. (2) lowering the entire dike down to -15 ft. (creatinf a weir) . or (3) lowering the 
last 300 ft. or (he dike LO -15 ft . while leClving the rest of (he dike intact. Through 
coordination w1lh r~gional resource agencies, the declsion was made to implement opllOn 
3 . The dike was modified in August 2000. 

Results of the pr~modificati0n bathymetric survey showed the presence of twO 
holes below the dike . One hole extended behind and riverward or the tip of the dike. The 
second hole, which appeared to have been created by rhe plunging action of \ .... ater 
overtopping the dike. was located oU!\\'ard from the LOe of the dike. The hydroacoustic 
analysis found an average densiry of 835 fish per acre at the site. The data showed fIsh 
llsing the enure area behind the di ke, with the majority of the fish using the insjde hole . 

To complement [he Corps work, the Missouri Depanment of Conservation set 
four experimental gi II nets below the dike. Each 300-fl. net was set on the bottnm. Two 
nets were set in the inner hole, perpendicular to the bank, one net was set perpendicular to 
the dike on the rid;;e between the two holes. and one nel was set perpendicular [() the tip 
of the di ke. ]\' i nety-one f) sh were collected I n the i nsi de hole. The collection was 
dominated by shove!nose sturgeon bUI also induded paddJefish, blue catfish, sauger. and 
goldeye. Twenty-five fish (all sturgeon) were collected on the ridge between the IW{'l 

holes. One apreared to be a shovelnose sturgeon/pallid sturgeon cross. Ten fish were 
collected in the net sel off (he dike tip. This area likely had flows higher than either of the 
other net sel locations. That set included paddlefi~h, blue catfish, and shovel nose 
sturgeon . Post-modificatIon monlloring at this site is sch::duled for 200l. The results of 
the pre-construction work arc in Appendix H. 

A&M 12. MMR Side Channel Document In 2000 the Sl. Louis District 
completed a vision document for the middle MiSSIssiPPI River side channels. This 
document, formed by a multi-agency commJllee composed of the- A&lvlteam members . 
creates a vision for SIde-channel conservation and restoration work in middle MIssiSSippi 
RI Vel'. Long tcrm goals established by the ICJm included providing over-wintering hi'ibitJr 
e ... ery 5-7 miles, providing off channel habit~lt every 5-7 miles, mamtaining connectIvity 
cll1d ~mal1 craft access (0 the side channel areas, and pro\lding improved public access to 

river resources . The condition and phys)cal atltihu{es of all 31 side channels In the mIddle 
Mississirpi River are outlined in the document. as are the inJtlal proposed actions 
required for reiubilitalion and enhancement. The document, located in Appendix L \,\ as 
not a product of the A&M program. 
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FY 200] A&:M Program 

The FY 200 I A&M budgel IS 5>1 million. This figure is in line with prevIous 
years' budgets but is less than the $J.5 million per year requested in Design 
Memorandum No. 14. At [his lime. the program is expected to be extended umil2007 to 

of( set the annual di fferences in fundin g. Proposed construction acti v; ties In 200 I inc! ude 
co-:npletion of the chevron dike above Cottonwood Island (river mi Ie 289) and 
construct ion of the wood structures in the middle MI 5S! SS! ppi Ri ver. B iologica I 
monitoring work will include continued sampling at the chevron di ke and multiple 
roundpomt structures. new sampling behind the bullnose dikes, conl.Jnued tracking of 
pallid sturgeon in relation to Corps traming structures. and post-modificalion monitoring 
at dike 53.0. FU11her testing of gate manipulation scenarios at Lock and Dam :25 will 
occur in 2001. Monitoring of the effects of changing. the Environmental Pool 
Management regime wi II also contmue. Plans also call for a generic side-channel micro­
model to be crealed to assisl in planning future side-channel improvement work. 
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2000 Summary Report 
Chevron Dike H)!droacoustic Fisheries Sampling 

US Arm} Corps of Engineers, St. Louis District 
A void and lVlinimize Program 

Background: Three chevron dIkes have been constructed In Pool 25 of the Mi ~sissippi Ri ver 
(M .R.M. 266.0R). Two of these dikes were constructed in June 1998. One was constructed In 

March 1999. These innovati\c channellraining structures were built under the St. Louis 
Distnct's A vOId and Mini mIlL:: program. At this location the three chenon di kes, which look 

like "V's or U's" with the apeA poin!mg upstream, were buill in a downstream line :lnd act to 
deflect flow towards the channeL During high now a deep hole is scoured in the Jrea behind the 
chevron di ke' s apex. The slad.:-waler area that forms behinds the struCf ures. outSIde of high fiow 
conditions, create::: d umque habitat. Previous fish sampltng. work on chevron dikes in Pool 24 
(Atwood 2000) found that a v:1riety 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 to ICY condi IIQns during most of the 
winter we were unable to access (he site. The chevrons were previously sampled on 4 August 
1999 and l3 December l C)99. Information on each sampling trip follows. 

4 August 1999 
Alllhrc~ chevron dikes were samp1ed. Water temperature was 27.2°C. Pool 25 was at open 

river but the chevf(~n dikes were nOI overtopped. The MV Boyer was used to collect bathymetry, 
veloCHY, ~md hydroacoustic fisheries data. Transects were run upstream from the bottom of the 
chevron dike to the apex. Three transect:-; were run inside of both the top and middle dikes. Four 
transects were run inside of the lower chevron dike. Depths behind the top and middle chevron 
dikes exceeded II meters. Depths behind the lower chevron dike exceeded 7 melers. Analysis 

of the hydroacoLlstic data found similar fish densities behind all three dIkes. Densities ranged 
from :::'::5 fIsh per acre behind the top chevron dike 10 406 fish per acre behind the lower chevron 
dike. The densiry behind the middle chevron dike was 402 fish per acre. Because Pool :25 W;JS 

at open riYer, it i~ likely the!l these dIkes were pro\ljding some refuge to fish from the higher 
velOCIties associ aled wi th open ri \·cr. 

13 Dect:mber 1999 
All three chevron dIkes were sampled. Water temperature was 5De. Pool 25 was at normal pool 
conditions. The MV Boyer collecled bathymetry. velocity. and hydroacoustic fisheries data. At 
each chevron dike. the same rranseots lines run on 4 August were run on J 3 De~cmber. In 
additJOn, one transect w:..ts run across the b(lck end of each chevron dike and one transect was fun 

~lround the outside of the lower and upper chevron dikes. Two additional transects were run 
inside both the tOp and middle chevron dIkes. Depths behind the lOp and middle chevron dikes 
exceeded 9 meters. Depths b~hind the lower chevron dike exceeded 4 mcter~. Fish densities 
bel ween the three dikes varied great I y. No fish were found using the lower weir. Fish densities 
per acre were 1.828 and 2:,QO for the upper and mjddle chevron dikes respectively. No fi sh were 



f,)und on the u'anseCl run across the end of each ch("\'Ton dike One fish \\ ,!S found on the 
transect around the outside of the lower chevron dike. No fish were found around the outside of 
ne lI pr er chevron TmnseCl$ ~md fj h ] OG}l li()n~ fnr <111 three d.iJ~es are included at the (?nd of the 
repon. 

7 September 2000 
All1hree ~hevroll diles wen.: sampled, Water temperature was :4.8 D C. Pool 25 was at normal 

pool conditions. The MV Boyer was used to collect bathymetry. velocity. and hydroacoustic 
risheries data . Transects were run upstream from the bonom of the chevron dike 10 the apex. 
Four lransects were run inSide of each the three dikes. Depths behind the top and rrtiddle chevron 
dikes exceeded S meters . Depths behind the lower chevron dike did not exceed 5 meters . 
AnalysIs or the hydroacoustlc d3ta found similar fish densiues behind (he upper and middle di kes 
(.:t90 and 3 L 7 fish per d..;re) . FIsh density behind the lower chevron was very low (52 fish per 
acre). DensitIes dunng this sample \\cre sinlilar 10 those collected during the Augusl 1999 

sample. 

Table J. Chc:vwn ;;;J111pling dat:t 

er Chevron inside 
er Chevron ins'lde 

r Chevron inside 

Max. depth Fish density 
meters #/acre 

Water temp. Pool conditions 
°C 

Conclusions: FIsh were using the chevron dikes during all sampling trips. The upper and 
midcl~ dikes showed a marked increase In densiry from lne. August and September samples to the 
December sample. These increased concentrations are likely due to the fact that fIsh are usmg 
the structures a!O. (\\cr-wintenng locations. Both dikes provide the. deep hole:. and low velocities 
thai fish seek out during the winter. The lower dlli.e had no over-wintc:nng fish and held very 
few fish during any of our sampling trips. This lack of fish may be due to the configuration of 
thaI dike andJor when il was constructed . The configuration of thaI dike (t~e riverside leg is 
much sharrer than the banks.ide leg) does not provJde the refuge rrom nver flows that the olher 

dikes appear 100, Havmg bee!) constructed one year later than the upper IWO chevron dIkes. the 
lower chevron dike has had only twO high water event to create a scour hole behind the di:·:e, 
Consequently. depths behind the lower chevron dike are shallower [han behind either of the 
upper (wo chevron dikes. 



Whlic ic)\\·cr than {he Deccmbc::- sample. {he AUgU5-1 and Seprember samples showed [IH. fish 
were u.sin~ all three of the che\'ron dikes. Tht density data from Seplc:;nher :2000 (pooled 
condi Ii on s.l WaS si mi lar to that seen at open Ii ver in August 1999. Addwonal data duri n g th·~s~ 
tW(\ conditions would help detenmnc If fish afe uSing chevron dikes as a refuge from rising flows 
oUlslde of the over-wintering season. Based on the results from Arwood (1000) you would 
expect fIsh to be usin:; (he dikes year round. 

Monitoring at the site will continue in 2001. Present 1\. a summer and a winter sample are 
scheduled. In additIon to hydroacou5tic monitoring, glil nets will be set to determine species 
composition behind the dike. 

References: 
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In trod u ction 

The Ulinois Department (If Natural Resources. Division (If Fisheries. Boundary Rivers PrograTYL 
with assistance from the St. Louis District. Corps of Engineers, bas conducted fish samplu,g with 
A.c. electTOfish.ing (EF) on the Cottonwood j sland chevron dikes since October 1993. Three 
chevrons were constructed by the SL. Louis District in the October 1993. The chevrons were 
conslructed as an ahernative to constructing a rock dosing structure between the upper ends of 
Sand Bar Island and North Fritz Island. between river miles :2C)O and 289. Constnlction of two 
more chevroos at thjs location is planned . The chevrons were construcled to increase the 
proportion of the flow going dov.'n the main channel with the goal of reducing the amount (If 
maintenance dredging needed in this river reach. 

Methods 

The up$tream and downstream most chevrons have been sampled. along \o\·;th a small backwater 
slough at Drift Island as a control stations. In 1998- two additionaJ control stations (Head ('If Bay 
Island and main channel border along Cottonwood Island, ad.incenl to the upper chevron) 1..\'ere 
sampled to evaluate them for possible inclusion in the study. The dates of sampling for these 
sites. : lS well as EF time period for eac~l site are shown in Table 1. 

The eJectrofuhing unit used in this study consists of a 230 volt. 4000 watt. :- phase A.C. 
generator which energizes 3 steel cable electrodes (5/8") suspended from 3 booms projecting oll 
the nnw of the boat (18' welded aluminum boat). The electrodes are approximately 5' apart. 
project about 6' olflhe bO\\i and extend into th~ water about 4' ill depth. thus creating an electric 
field with an approximate diameter of 10' and reaching a depth of about 6'. Typically 6 - 10 
amperes of current are generated within this field. The sampling is conducted by a IWO person 
crew. one stationed in the bow of the boat to dip stunned fish with a long handled dip nCl from the 
water and into a Q),:ygenated live weU. and one operating the motor. Typically. two Ef runs are 
conducted at each cheHon. one along the outside of the c.hevron and 0ne within the inside of the 
chevron. Rough sketches of the study area and typical chevron sampling runs are attached . 

After each EF run the fish are idemwed to species. weighed and measured. checked for 
abnom1alities and dis~ase . then returned live to the river . Fishes too small to identuy in tht field 
are preservec and returned to th~ lab for processing. Dala are; tabuJated on standard field sheets 
and later ente-red into the Department's fisheries dalabase (fisheries Analysis System). Voucher 
specimens were sent to the Deparlment of Zoology at Southern Illinois llrnversit)-. Carbondale for 
prt~cr\iatioll a.nd storage. 

Results aDd Discussion 

.~ tolal 0(88]:' lishes representing 56 specie:; have been collected during 13~q minutes of 
electroGshiJlg (00,49 iishi15 efnun). When these data arc summarized by habitat type (inside. 
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outside. Drift Island Slough and Head of Bay Is!and) over all sampling. periods (Table 2), the 
highest catch rate was observed inside the chevrons (152 .23 fshj 5 min EF). followed by Drift 
lsland Slough (104.50 fISh/lS min EF) , outside the chevrons (70.21 fish/J 5 min EF) and Head of 
Bay lsland (68 .57 fish/l5o min EF). The number of species collected was also highest inside the 
chevrons (4~ species) [Table 2]. followed by Drift Island Slough (38 species), outside the 
chevrons (30 species) and I-lead of Bay Island (27 species). Forty rune of the 56 species colJected 
have been collected at the chevrons (inside and outside combined). Table:3 summerizes fish 
collections from alJ 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 t:,e 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 species). When calch rates for each site (over all sampling 
periods) are compared, the upper inside chevron is higher than aU other sites with 159.40 fish! 15 
min EF. foUowed by lower inside (130.94 fishllS min) and Drift Island Slough (104.50 fishlJ 5 
min) [Figure 2]. Although some oUhe difference in catch rates and species richness can be 
explained by variable sampling. effort among starions, and difterences in electro fishing efficiency 
among stations, these data suggest thaI the habitat types created inside the chevron dikes are 
holding more individual fishes and more fish species than either the habitat immediately outside of 
the chevrons or nearby side channel and backwater habitats. 

A similar picture emerges when 1he calch ra1es of selected individual fish species at each station 
are compared. The catch rates for gizzard shad (Figure 3) and bullhead milmow (Figure 5) were 
higher inside chevrons than elsewhere. The catch rate for smallmouth buffalo was highest in the 
slough followed by inside lower and inside upper (figure 6). The calch rales for channel catfish 
(Figure 7) and flathead catfish (Figure 8), however. were hjgheSl on tbe outside of the chevrons. 
The largemouth bass catch rates were highest in the slough, and slightly higher inside the two 
chevrons lhan outside (Figure 9). The bluegill catch rate in the slough habitat was much higher 
than elSewhere. but was higher inside chevrons than outside (Figure 10). 

An examination of the length frequencies of selected fishes coUected from the vicinity of the 
chevrons and Drift Island Slough he.lps illustrate the sinliJarities and differences in the fish 
populations inhabitating these habitat types. For Instance, a.llhough smaUmouth bu·ffalo densities 
associatec. with (he chevrons appear to be considerably Jess than those in Drill Island Slough, the 
size range observed for llUs species is slightly greater in the vicinity of the che,'rons than in the 
slough. This may indicate the nursery habitat provided by the chevron and slough habitats are 
similar in quality fi.H this species (Figures 11. 1:2 and 13). 

The channel catfish calch rale wac; more than three times higher along the outside oftbe chevrons 
than inside (Table ~). suggesting. higher densities outside. The channel catfish catcb rale al Drift 
lsland Slough is similar to thaI observed insidc. The size slructure of channel catfish coUected at 
Drift lsland Slough. and inside and outside the che\-Tons indicates similar sized fishes are utilizing. 
these areas (Figures l4 , 15 and 16). The calch rale data coupled with the length ·frequency data 
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suggests that adult fish are residing most often outside the chevrons and occasionally move into 
the inside. The purpose of such movement is unknown. but at least two po~sibiliti(Os exist. 
Channel catfish u~e the inside a<; a temporary resting place from hig.h current velocities 
cxperie-nced on outside. and they are utilizing th~ slighty higher densiry offorage fishes and 
~lighter different macroinvenebrate assemblage (EcologicaJ Specialist!;, Jne 1997) found inside the 
chevrons. 

Unlike the channel catfish, the carch rale for white bass on the inside was 2.5 times that on the 
outside- and the observed size distribution of these fishes between these habitats is markedly 
different. The majority ofwh.ite bass found inside were young of the year fishes. while most of 
tho~e fish collected on the outside of the chevrons were one year or older, suggesting the interior 
habitaL ~ provit)jng valuable nursery habitat for young white hass. 

Largemouth bass and bluegill densities also appear to be higher in Drift Island Slough than inside 
chevrons and the size structure in these babitats is similar (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 tms evaluation strongly suggest that chevron dikes are providing 
useful and valuable habitat for a variery of riverine fishes. The outside of chevrons have been 
shown to provide exceUent habitat for quality sized channel catfish. flathead catfish, common carp 
and a variety of minnows and shiners. Smallmouth bass. uncommon within this river reach, have 
aL'\o been coUected along the outside of chevrons. From the species composition and the number 
of young of the year fishes present. the inside of chevrons appear to be providing backwater type 
habitat (at appropriate water levels) in a reac.h 0friver where such habitat is [imjted. 
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Table 1. Sampling dates and electrofishing effort tor Cottonwood Island chevron dike study. 

!Statlon name 
eCIJo ISrllng 

Samol",gdal~ effOr.I~~ 
'.o\-Oct-93 !Upoer Chevron Outside ! g 

O:-Auo·9SIUpper Cnewon Outs,de, 14 
12-Sep-95 IUpper Chevron Outside 16 I 
11-0cHlS UODer Chevron Outside 14 I 
1~-AUQ-9S I Upper Chevron Outside 1:-
o9-Se~96 I UDPer Chevron OUtside I 15 
OS-Oel-96I Upper Chevron Outside 1~ 
lo-Jul-97 1 Upper Chevron Outside 10 

2S-Sep-97 I Upper Chevron Outside 1S 
, 2-Jun-98 1 Upper Cnevron Outskie 20 
17-Aug·98 Upper Cnevron Outside 15 
, 4-0Cl-9B ! U~oer Chevron Outside r:' 

28-AlJQ-99IUppet Chevron Outs,de :5 
n-Sep-99/Upper Chevron OutSAde 12 
22-Mav-OO/ upper Chevron Ou'side 12 
29-AuQ-OO\UPDer Chevron Oulside 15 
29-Sep-OOI Upper CheilIOn Outside 15 
18-0d-OOjUpper Cnevron Outside 15 
14-0d-93IUpper Chevron Inside ." 
02-Auo-95 IUppe, Chevron Inside 

" 12-Se~95! Upper Chevron Inside 16 
1 1-00-S51 Uoper Chevron InSide 14 

14-AuQ·96 Upper Chevron InSide 15 
09·5eo-96 Upper Chevron Inside 1~ 

O8-Oct·ss l Upper Chevron InSide 15 
le-Jul-97 UPDer Chevron Inside 10 

2S-Sep-97 Upper Chevron Inside 15 
12-Jun-98 Upper Ctlevron Inside 15 
17·Auo-98 Upper Cl\evron Inside 15 
14-0ct·SS Upper Cl)evfon Inslete 15 
26-Avg·99 Upper Cnevron Inside 15 
23·Sep-_99 UJl.per Chevron Inside 12 
n -May-OO Upper Chevron Inside 12 
29-Aug-OO Upper Chevron Inside 15-
2S-Sep-OO Upper Cnevron Inside 15 
18-0ct·OO UDDer Chevron Inside 1S 
14-0ct-9S I Lower Chevton OutSide 9 
12-5ep..95 ILower Chevron OutSide Hi 
14-Aug-96!Lower Chevron Outside 15 
09-Sep-9SILower Chevron Outside 15 
OS-Ocl·96 I lower Chevron OutSide 15 
16-JuJ-97ILower Chevron OutSide 15 

17 -Auo-SB I Lower Cheilion Outside 15 
14-0Cl-93 I Lower Chevron Inside !! 
12-Sep-95ILower Chevron Inside if; 
14-AUq·96J Lower Chevron InSIde 15 

16-Jul·9i ILower Chevron Insloe 15._1 
-' 2-Jlm-98 Lower Chevron Inside 15 
17-Auo-9S Lower Chevron Inside : 15 
,4-0 ct·.98 Head of Bay Island 20 
26·Auo·99 Head of BaV Island I 15 
23-Se~99 Head of Bav Island I 20 
.22-Mav-DO I Head oj Bay ISland J 20 
29·Sep-00 · Head of Sav Island I 15 
18-0c:t-OO Head of Bay Island 15 
21·Jul-95 Drill Islane Slouon 30 
21-Jul-95 Drift Island SlOUCh 30 

1 2-Auo-96 I Dri t1 island Slouoh 30 
12·Auo-96 )Drifi ISland Slouol"I I ~o 

Og· SeD-96I Drift ISland Slouon ! 15 i 
08-0ct-9610,;" ISland SIOUQI'. I 15 
04-AuO·S7IDrift Istand Siouan I 30 
04-Auo-S7 10rin lSland Slouon ! 30 
06-AuQ-98 IDriff.lsland SIOuoh I 30 

- " 06-Auo·98IDrift Island SlOUCh I 30 
25-Auo-99 Drift Isiano Slouoh I 30 
2~Auo-99IDrift lslancl Slough I 30 
2S-Aup-00 IDrift Island SIOUQI"I 30 
2'&-Aua ·OO ) Drill Island Slouoh I 30 -
~ 2·Jun-98 ICononwood MCa 20 i 

TOlal elton to elate I 1209 



Table 2, Compos-titian 01 fishes collected with boat electrofishlng BI Cottonwood Island Chevron Dikes study area, 1993 - 2000. 

r C~'\,IIClrlln!ord~ Ch .... VfQlII (jUU"IIJ(o I:heW"l"O,.1OU-l He.o of B.rr l£ I o..tt .. , S"'"O' ,Il11 &'tatlcn~ 

~~~ l"_ 317 1 l~' 7 ... 1M lSQ lIU 
Specie~ N IhlJ1lll"lun. ~ 1N.r1 r.m"i'n N Na6mul >I 101111",", N N~te;.;run N NJ1~l" 

I j I I 
Sr-.Of1'nOS-B oar 5 r. :"21 5 0 09 21 0.29 3 a ~ 2 10 0\3 
lon-onoS8 oar I I I Sf 01 9 ;; u.06 

rSowfln I 25 096 :is ,~ 
AJfleri.car. eel 2 DOB 2 0.(14 I I 2 0.D3 

t SKlola..:k r,em no 1 1 O, O~ I 1 002 1 1 0,4 2 0.03 
Grz::;!ard Sf'Ia:j 795 ~5 3.9 1'66 " 97 96 , 1502 14 1 200 2~ 1 i .3") 125~~ 
Tt"e,l:idf',n shad 2 0.09 2 0.04 I 1 :2 0.03 
Mooneve. 3 0'3 3 O.OS , 

3 004 
BloneaC! car:} 1 00< I I 002 11 004 2 om 
Silver cart> 1 0.04 \ 0.01 
GOldfl'~' 1 D,~ 1 0 02 : '1 0.01 
Carp ~4 1 96 toa 454 / 152 0 ,6.) 49 7.00 1251 ~ .B l ;,2;; 4 II 
Caw X Gol(jj,s~ I I I I 0.0<: 1 0.01 
Centra) s.torerolJe7 f 0,04 I 002 1 014 2 0.D3 
Suckermout., mrnno ..... 5 0.22 5 009 5 0.06 
Si lver r,trUO r 0 ,31 " 0 40 18 0.13 12 0,46 30 038 
Soolfi~ snrMr 126 5$1 263 ,,05 389. 238 47 6 i 3 o 12. ~391 5.~ 

Red snmer ,~ 0.52 44 1 , E.S 55 026 32 45 7 90 11~ 

EmEra!d shin", 677 3013 ,o37i oJ::· 57 1 i1-1 1279 156 '~ , 29 4 0.15 1574 23.64 
S f)"" erbal1o ~hinef 1 0 ,0<; 1 002 I 00 
River Stlltl~1 481 2 ~r" 321 1.;;..1 80 0.91 I SOj i ,O' 
BIQITlOUlh st-lneJ , ON 1 001 1 o Dl 
Sand shIner , 0,3' ,7 0 1" 24 0.13 24 0.30 
C11anMi St\il,)&1 83 3.69 36 I.:, ' 119 1 57 11 1.57 1 0.0<: 131 1.1\5 
S pOtta i I ,snlMr 4 0.18 4 0.08 4 0.05 
Sh'l1el SOO. 13 0.58 13 025 13 016 
Bluntnosf:. Ir.[f1noW 4 0.18 5 0';> 1 91 O.OB 1 0.0<: 10 o ~3 
B:..rllh€.3d ITIlnnow 52<3 23,4,T 56 235 582 g 90G ;~ 200 61 196 647 8 16 
B,omo;.rth buffalo 181 0,80 18 0:>0: 't3 1.86 114 4.38 145 I 63 
Smallmou1h blJ1fa!o 60 2 67 2S 105 65 , I ~ 7 1 029 2's3 9.73 340 4.29 
Blad< tlUfralD I 0,04 1 002 7 0 ,2.9 11 042 ,. 018 
Carosw..kf;tr sot) 14 0.62 14 0.26 14 o le 
Oudlbd~ 14 1 0.62 14 0.:(6 , 0,0<: 15 0 9 
RiV!!l CClrosuc!<e, 105 4,67 1 00<1 106 198 19 0 73 125 158 
Hloh.fi rr carpsl!D:;e~ 1 0,0<: , 002 1 0.01 
Spotted sucl< .. , 2 008 2 0_03 
Shol1nead reon<>rse 4 0 ,8 ~ 038 13 o DB 4 0,57 4 015 21 026 
GoIO&'" muror5E 3 0'3 3 006 , Q 14 4 005 
C"annel catfISh 32 ' .42 110 4 62 142 0 ,60 19 2 .71 43 1.65 2()4 257 
Flathead calflsh 5 0.:2 ~O5 4.4 1 ,,0 0,09 5 0 ,71 33 127 1481 1 87 
F,ec!<IQCl mad\om 1 D O<: , 002 " 014 2 0 03 
~~'QUI'OfiSh 23 1 02 23 043 01A 45 , 7'3 69 0.87 
BI~ sdve:stde 2 0 .09 2 0,04 , 0.0< 31 O,cv. 
Wnile bass 32 ~A2 ,. (1,59 46 a.so 5 1 0 71 3 0.12 5.: 0.68 
Y~lIow oaS£. 1 004 , 002 I , 0.01 
Black CJaoo..e 5 0.2.2 5 0.09 13 1 86 121 " 65 ,39 ' ,75 
'!Voile .,-ape •• :> 009 2. 0 1)4 1 Q 14 46 1 77 49 0,62 
La'2"",oulh MS' 40 1,78 8 '0 34 ~a 0 76 .. 0.57 112 431 164 207 
SmaUmou1n bess 7 0,29 7 013 7 0,09 
WarmOUlh 1 0,04 1 002 11 042 12 0. '5 
Green SUn1ISI'1 105 4 &'7 i 3 L1 55 11 8 198 1 0.29 & 0,23 126 , ~g 

BlUegill 282 11 S~ :>6 1 09 309 533 58 8,29 gSa 3769 13-\5 16.98 
Reoear sunfJ.sh I I O,()4 1 ~Ol 

IBluIlgjJ\ x G,,,,,~ sunflw \ 1 0 .04 1 002 I 1 'I 0.01 
Ocenoe.poae" sun!""" i 19 530 2 0 08 121 225 5 Q,71 2ilo! 1 1131 420 ~30 

Wal'~. I 1 0.04 0.01 
Sauoet 31 Q 13 3 000 I 2 008 5 006 
I Loo",",rc:n , o (V; , 0 04 2 002 I 21 0_08 4 DOS 
Mu~ caner 2 O,OS 2 0.03 
FreshWarer drum 163 e 1S 531 2.23 236 346 17 2 ~3 83, 319 3 36 ~ .24 

Tt'tal I)IJrtlbar f\s.h roliuC1(."\l 3420 1 '~2 ?3 2,58 90.67 59 8 64 61 48D, 5657 2717 11),:,50 E~ i5 110.70 
NlJmt>e1 01 SDelOI!:S co lle d t:i,l 42 , 30 I 49 27 3S' 56 
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Figure 1 Total number of fish species collected wrth electrofishlOg at Cottonwood Island 

chevron dikes study area. 
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Figure 2. Total number of fish collected per 15 min of electroflshmg at Cot1onwood Island 
chevron dikes study area. 
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Figure 3 Total number of g~ard shad collected per 15 mifl of eleclrofishlf)g al Cottonwood Island 
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Figure 4 Total number of emerald shiner collected per 15 min of electroflshln9 al Cottonwood Islanj 

chevron dikes study area 
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Figure 5, Total number of bullhead minnow collected per 15 min of electrofishing at Cottonwood tsland 

chevron dikes study area 
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Figure 7. Total number of channel catfish collected per 15 min of elecrrofishing at Cottonwood Island 

chevron dikes study area. 
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chevron dikes study area 
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Figure 9. Total number of largemouth bass collected per 15 min of electroflshing at Cottonwood Island 

chevron dikes study area 
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Figure 10 Total number 01 bluegill collected per 1 5 min of electrofishing at Cottonwood Island 

Chevron dikes Study area. 
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Figure l' Length frequency of small mouth buffalo collected al Drift Island Slough, '993·2000 
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I ntr()d u crion 

The Illin(\l~~ Department ofNaturaJ Resources) Div!sion of Fisheries. Boundary Rivers Program 
has coUected eight fish samples with A.c. electrnfishing (EF) at the MultiplE' Round Point 
Structures constructed by the St. Louis District. Corps of Engineers at .Mi:';sissippi River mile 
2S6.6L. since August 1998 (164 min). The sampling was conducted in order to obtain information 
on the composition of fishes ulilizing thes~ structures. 

Methods 

The electrofishing (ef) unil and the sampling methoJology used in this sampling etton is tlle same 
as that used in the chevron dike study. Fach sampling run involved electro fishing around each of 
the ~jx round points and coUecting aU fish stunned within the range of the dip net and circling 
around below and between structures to capture slwmed fishes initiaUy out of range. 

Results and Discussion 

A lOiJI 0 f 090 fish (63.1 J fish/ I 5min eO. representing 21 species ~L.:re coUected on the eight 
sampling runs (164 minutes total) [Table 1 and Table ]]. Emera.d shiner. gizzard shad and 
flalhead catfIsh exhibited the highest ovewU catch rates, followed by carp, freshwater drum and 
channel catfish (Table 2). Emerald shiner, channel catfish, flathead catfish and freshwater drum 
Were collected at each sampling trip, carp and shorthead red horse were collected on 7 of8 trips 
(Table 3). 

A notable species collected in tltis effort is the blue sucker. This big river species is uncommonJ~1 
collected in L1e Mississippi River and is considered a species of special concern by state and 
federal natural resources agencies. The coUection of a blue sucker on 4 0[8 sampling runs may 
i.ndicate (hat these fishes are seekin:; the hahitat conditions provided by these struclUres. 

The length frequency distributiuns of the flathead and channel carftshes collected thus tar indicate 
(hat both young 0 f year and older individu.als of 1 hese spe.cies are utilizing these structures. 
Length and weight data for channel cJ.tfish. nathead catfish and blue sucker are attached. 

Conclusion 

The data collected thus fur in this evaluation suggest tbat multiple round point structures are 
providing useful and valuable habitat for a variety of riverine fishes. CoUection of blue suckers 
may indic~.te these Slructures are pro\,iding a uniqUl.:? habitat ivpe (riffie-lik,.::). once more common 
in the river_ 
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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 
15-0ct-98 15 

07-Sep-99 20 
22-Sep-99 30 

23-May-2000 15 
28-Aug-2000 20 
26-Sep-2000 20 

17-0ct-2000 22 

Total 164 



Table 2. Composition of fishes collected with A.C. electrofishing at Pool 25 

M ultipl e Round Point Structures, 1998-2000 (164 total mi nutes et). 

Species Number No./15min ef 

GIzzard shad 88 8.05 

Mooneye 1 0.09 

Carp 32 2.93 

Spotfin shiner 9 0.82 

Red shiner 3 0.27 

Bullhead minnow 2 0.18 

Emerald shiner 388 35.49 

River shiner 2 0.' 8 
Sand shiner 2 0.18 

Channel shiner 13 1.19 

Smallmouth buffalo 6 0.55 

Blue sucker 9 0.82 

Shorthead red horse 15 1.37 

Channel catfish 23 2.10 

Flathead catfish 57 5.21 

Stonecal 2 018 

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 690 63.11 

Total number species 21 



Table 3. Composition of fishes collected with A.C. elec1roiishlng at Pool 25 Multiple Round 

Point Structures, 1998 - 2000. 

Species Aug 98 Oel 98 Sep 99 I Sap 99 May DO Aug 00 SepOD OCIOO TOlal no. '''''~'''.'''C'i ! 

,,,,,,p1,ng eftoo Imln ) I 22 ,s 20 I 30 15 20 20 22 ,~ eoil>C:t":r_",,,_ I 

I 

Gizzard shad 22 30 5 17 13 88 6 

Mooneye 1 1 1 

Carp 3 5 12 3 6 1 .2 32 7 

Spotlil") shiner I 5 3 9 3 

Red shiner , 1 1 3 3 

Bullhead minnow 1 1 2 ... , 
Emerald shiner 4\ 8 31 1 1 87 55 164 388 8 

AlVer shiner .2 .2 1 

Sand shiner 1 1 .2 2 

Channel shiner 4 1 1 .2 5 13 5 

Smallmouth buffalo .2 .2 .2 ; 6 3 --
Blue suder 1 1 6 1 9 4 

Shorthead (edha/se 2 i "3 .2 3 3 1 1 15 7 

ChaMel catfish 5 "3 3 3 4 3 1 1 23 8 

Flathend catfish 14 5 1~ 5 .2 11 4 3 57 8 

StoneC;tl 1 1 .2 .2 

Whrte bflss 1 1 1 

Green sun/ish 2 3 .2 7 3 

Bluegill 1 1 1 ._-
S)enderhead darler 1 1 1 

Freshwater drufTI .2 3 4 1 1 3 12 .2 28 8 

Totals 92 55 73 36 30 126 80 198 6.90 8 

Total no. spp 9 8 " 10 8 13 9 13 21 I 



MRPS IMgtn and we'ght data lor sel ected bnes 

Cnannel ca~,"n Fletneed c.e.tf'9h I 81u e SUCK er 

N TL(mm) W1'(g) N ~L:mm WT(g) N TL[mm) Wi/g) 
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Introduction 

T~e I llin _is Departme~~ of Natura l Reso~rce s , ~i~-is~ on of 
:ri s he:i. es , Bou:1da::::-y ?~i-,~e r s Program c ond':Jc ted £ : sL s a mpl ing iA' l t n 
A .C . elec tr of ~shiDg (3F ) on t.he Gos li~e Is~and Off-bankline 
?ev e t me!1 t (OoR ) b etween J Lly 1991 and Se!=, tembe::- _9 95 L) ::va:.··.:.c.:::~ 
possibl e : is~jeries be::"lefics o f. t hi s type 0: SCT.J.ctur·~, -=-[-lis 
rep ort presenL S a b:r"ie f over\,- iew of the r esu _cs of the s-::u::::'y. 

Methods 

The Gosline Island OBR is located between approxi!:late M::"ssissippi 
Rive r mil es 289 . 0 a nd 27 9_ 8 along t h e l ef c descendi ng ban~ of the 
Dc.-,rigai to:;) channel. In 1 991 thyee electrofishing samp:;'ing 
s ta t i on s were es ca bli s h ed for t~is e valuacion : Gosline =::si~e 
Rock, Gos 1 i ne Ou cside Rock and a main c h a n :,,_el borbor (HeBl 
co .. tro l .: i te . Elec cro ri s t-.. ing runs a t Gos l i n e Ins i de Rock we:::e 
made alo~g the i ns ide s u r f ace of =he Gos li~e Island oaR (i,e. 
along the rock surface b etween che is l and and the 03R) . 
El ~ctro f'::'shing r uns at. Gosli ne Ov-=side Ro ck were made a 1 O:-J';- the 
ou t side 5urface of the OER. Electrofish ing runs ac che Mea 
con trol 2 i te were made a:ong a conven~ional roc~ revecmenc, w~th 
rock s imilar in size to that ae the OBR, located along the r~ghe 
descend ing bank bet. .... }een approximate river miles ::'77.0 and 276. C . 

In 1 992 a statia~ along the island's n atural ba~kline inside ~he 
Gos l ine I s land OBR was ad~ed and in 1 994 a side channel border 
(SCB) con t r o l site along ehe Ill inoi s s h oreline opposite Gcsline 
Island b etwe en approx':'::,ate river miles 28 0.5 and 279.8. The 
dates of sampl ing and electrofishing ef f ort for ~~ese sites are 
presentee in Table 1 . 

The e l ect ro fishing unit used in t h : s stu~y consists of a 230 
vole, 4 0 0 0 wa t t, 3 p h ase A.C. generator which energi z es 3 s teel 
cable elec t rodes ( 5 /8'1) suspended from 3 booms projecting off the 
bow o f t he boat (18 ' welded alumin~m boa t). The electrodes a~e 
approx ':'mately S' a.part, project abou t 6' off the bow and prcject 
i~to t h e water about 4' in depth , th u s cre ating an e:eccric field 
wich a n approximaee di amecer of 1 0' and reaching a depeh of abo~: 
6'. Typically 6 - ~O amperes 0= cur rene are generated within 
t h is f i eld . The sampli~g is con6~cce6 by a two pe~son crew, one 
sta.=ion eci 'n the bow of t he boa t to d ':' p s t.urn1ed fish w~'C.h a long 
han d - ed a i p :"let from the \f:ater and ir"C.o a cxygenated live well, 
a n d one e perating the mo cer. Typically, t vw Lr' runs were 
conducted Be each seation . Rough s k etches of the study area and 
" }"pica~ CB? sampl:'ng runs are a _tach ed . 

. ~.= t er e a ch E? run the : i s h are :' den ci fied to speci es ! weighed a __ d 
measured, checked fo r abncrmal ic:' es and di sease, e~e~ ~ecurned 

liv e t o =he =iver. F~ shes too small co identi fy i n the fi e ld are 
preserved a n d re tur n ed to the lab ~ or p r OCEs sing. Da t a are 
tabu la~ed on standard f i e l d sheet s a nd l a t er eneered in to the 
='ep a remen :-' s fis her i es database (Fi s h eries &"'1a_ysi s Sy stem) . 
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Results and Discussion 

A ~o~ a l 0 ~ 9 68 5 f ishe s r epresenLlng 48 species a n d _ hybrids have 
bee~ col ! e cced during 1 289 minDL e s of elec c r of " shin g (7 6 . 91 
:ish!l 5, ef min ) . \~]hen ':. h ese 6atac.r e s UITU1larized b y hab~:a: : ype 
(MC3 co~tro li ins ide rack , i n si6e natura l. out side rock and SC 

Co:""! c r ol) o-v'e:- 21 1 f ish species a nd sampl ing periods (Ta b l e 2 ) I 

en e h:'ghe st ca tc!1 r at e w"as obs e rved al ong the na L'~ral bankline 
i nsid e t h e oaR (9 7 .94 f i sh / IS min EF). followed b y i nside rock 
(94 . 2 5 :ish /l S mi n E?) a nd s ~ de c hannel border control ( 83 .42 
fis h / IS TI' in EF ). Th e catch r at e at ou(.side rock. (62. 52 fi sh/1 5 
min EF ) was sl i ghtly h igher ~ han ch e cacch rate ac. Meg con tro_ 
(52. 90 f~ sh /15 min EF). These da~~ suggest that the habita~ 
types createc i nsi de (he OBR are holding more individual fishes 
and more :: i sh species than ei cher ;::~-,e habi ta t immediately O'u tside 
the OBR or at t h e concro~ Slees. It s~ould be ~oted, however, 
~~at the higher catch ~aces observed on the inside o f che OBR may 
be the reS U_L o f greacer electrofishing efficiency in t h e 
shallow, confined cond~~ions o~ the inside. 

The nUJnber of spec i es collected was also highest a::'ong the inside 
rocks (38 species) [Table 2 J I f ol lowed by insioe natura:" (34 
species) and outs i de rock (32 spec~es). The nUIT~er of species 
collected at the MCB and SC control sites was 25 and ~7, 
respectively. When observed as a single habitat unit. with OBR 
habit2ts inside an d outside v::'e\r..1ed as an interacting , integrated 
wh ole, we n0:ice t hat of ehe 48 speci e s collected so far in ~hi s 
study, 47 are assoc i ated wi t h the OBR. 

The catch rates for glz2ard shad , bullh ead milmow , smal1mouth 
buf f alo, b:"ack cra~9ie, whi te c~appie and bluegil~ were ~lg~er 
i n side OBR than elsewhere. The following species were co~lected 
on l y i nsid(: OBR: shor-=.::ose gar. bow£ in. goldeye. northern p'::':,:e . 
gol den shiner. silverband s hiner. sand shiner. blackstripe 
copminnow. mosqui '.:.ori s h a nd orangespotted sun:ish. ':'he catch 
rates f or ch anne l ca t fi sh , flathead cat-fish and smallmouch were 
h ighest 0;1 the outside rock o f t h e 03R. River darter, logperch 
a n d fanea ~_ da r t e r were c ollected only along the ou~si6e rock 
(Table 2) . 

Conclusion 

T~1 e da ta c::> ll ec t ed t.hus : a r in t hi s ev a l u a ti on sz.rongly s ugges:: 
t ha t. oif-bfulkl i ne reve-:mem:s are p rovid i ng usefu l and valua b l e 
hab:' ':. a ~ I O !"" a v ::o. riety o f :::- iverine fish es. 'The ou t.. s i d e o f the OBR 
provi d e excell en :: na.bi;:a.t f o:::- qua li"Cy si zed cna!1ne l cat- f ish, 
f l ath ead catf i s h , COITLTT\on carp and a var i etv of minnows a nd 
s h :'ners. ?rom the sp ecies composi tion and-th e numbe:- of young of 
the year fishe s presen ::. che i ns ide of OBR app ear to be providi~g 
b a c kv.;a ter t y-pe h ab i tae (a :. a!,)propri.a te wa te r level s ) in a rea c h 
of r iver where s u c h hab~ ca. c. i s l imi ted. 
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Table 1. Sampling dates and electrofishing efior1 lor Gosline Island Off-banKline Revetment study. 

Sia lron Name I Ssmplmp date !'u: 8110:1 1mlnl 
; 

G~s llne InSlae ROCk I 11 ·JuI·Pl l 15 
Gos lrn. Il1sld~ Roc ~, I 5-AuQ-!!1 15 
GoslinE? InSloe Rock I 1O·Seo-91 is 
Goslrne ,, ' Side Roc.;_ I 1,,-Oct-g, ' 5 
IGMlln (,- In~ld(O Rool, I 20· Nov Dl \5 
Gosline Insice Roc~ I ,' -Dec-9 \ 15 
G(1Slln~ \nsld~ Rocl~ I 2()-AOI-921 15 
Gosline InSide Rock I 12-Ma y·9?' 15 
GOSI,n . InSide Rocl. I ~-Jufl- 92 15 
Gasl,ne InslcE Rocr. I 2 1-JUI·92 '5 
Gosline 111510. Roc~ I 17-Aug-92 15 
Goslrne InSloe Ro"\[ 1 23-Sep-92 15 
Gosline Inslne Roc~: 13-O ct-93 ~ Goslin e Inslo .. Roc~ 1 13-0ct-93 15 
Gosline Inslo~ Roel< 1 1C<-M ay-9~ 15 
Gosline Ins'oe Roc. I 10-Ma\'-94 30 
GoSI,rle Inside Roc~ I 15·Jun·g'::l 7_5 
Gosling Ins ide Rocl<. I 5-Jul-!!4\ 10 
Gosline Inside Roc~_ t 16-,<,uO'-941 10 
Gosline InSIde Roe,. 1~ -Seo-S4 1 l SI 
Gosfrne Inside ROt;)< I 5-0cl-94 10 
Gosline Inside Rock c..JUI-95 10 
Gosline InSIde Rock 1-Aup-951 7.0 
Gosline Inside Rock 11 ·$ eo-95 5 
Goshne I"side ROC K 1 1-Sep-gS1 10 
Gosline Me Con1101 "-Jul-91 15 
Gosl ine MC Comral S-AuQ-9 1 15 
Gosnn~ MC Conlrol lD' Sep-91 15 
Gosh"~ Me C ontrol 15-Oct-91 15 
Goslln ~ MC ConUol 2o-N ev-91 1.5 
Gosline MC Corlffol 1, -Dec-g, 15 
Gosfroe MC Control 8-Jun-92 15 
Gosnne MC COntrOl I 21-Jul-92 15 
Gosllnf: MC Cenltol 17-Aug-92 15 
Gosline MC Control 23-Seop-92 1<; 

Gosline Me Control 13-0ct-93 J 
Gosline MC Contlol 13-0ct-93 '5 
Gosline MC Conuol 15-Jun-941 7 .5 
GOSline MC Conll ol 16-AUQ-94 10 
Gosline MC COI\\lol U -Sep-94 15 
Gosflne Me Con"ol S-OCl-94 10 
Gosline MC Conllol 6-JUI-95 10 
Gosline MC Contl ol 11-Sep-g5 15 
Gosline Outside l1-Jul-gl 15 
Gosline Outside S-Aug-91 15 
GOSni1€ Outside ,el-sap-S' 15 
Gosline Outside 15-0Cl-el 15 
Gosline Oulslde 2O-Nov-9, 1 15 
Gos line OLJ1sjde 1'-Dec-P 11 15 
Gos line OutSIde ,Z·May·92 15 
Gosflne Ou,sJoe ~-Jun-92 1 15 
Gos line Outside 21--)u)-92 t5 
Gosline Outs,ru, 17 -Au~-92 

.-----,s 
Goslin€- OLllsid~ 23-$ep-92 15 
Gos line Outside 13-0Cl-93 :; 
Gosline Ou!sid~ 13-00:·93 , 15 
Gosline OUlsrd9 15-Jun·94 7.5 

1 Gosline OUlsld~ 6-Jul-94 10 
Gosline OutSide 16·AuC)-94 , 0 
Gosllnt: OutSide I '. ·Sep.94 15 
Gosline OutSIde 5-Oct- 94 10 
Goshnr. OutSide 6-Jul-951 10 
Goslrne OutSide '-Auq-95 7,5 
Gosline Outside 11-Sep-95 ' 's-
GOSlinE Insids Natursl 20-Aor-92 ' 15 
Gosline Insioe Natural " ·Oei-s:::1 30 
Gosfrne Insloe N otUfil l -'-2 ·Ap r -a~ 20 
GOSline InsIde Natural lS·Jun·g4 15 

IGosline Insjca NaMal 6-,lul-94 10 
Go~llne Insloe Natural 1S-Auo-94 10 
Gosh"" InsJce Na!ural ·1~ ·S=p·94 15 
Gosfine Insjd~ Natural S-OC1-94 10 
Gosl ine Inside Nalura l 6·Ju l-95 10 
GoslIne Inside Nalural I 1-lIuO- 95 7_5 
G051me Inside Natural 11 -Sep-95! 15 
G:lsllnl: SC Control 1-5-Jun-g4! 7.5 
GOSlinE SC ConlIOI 6· Ju l-941 ' 0 
Go~line SC Control 16-AUO-9~ \0 
GO-sllne SC Conlrol 10-SeD-S' 1 15 
Gos1rne SC Control 5· 0c'-9~ ! '0 
Gosline SC Con!rol B-.Jul-95j 10 
Gos linE: SC eMjrol I -.. Auo-951 '5 
Gosline. SC CO~1fOl ,' -Sep-951 15 

~ i Gosl ine Natv. a ~ Can,rol 201 



Table 2. Composition of fishes collected with A.C. boat electrofishing @ Gosline Island OBR. 
(number of fishJ15min sampling) . 

Species ~~',C5 C:ontrol InSide- ~Qt:L.- Ins; ~C1i:' Na tu r.J I Ou.tsldt Roc~ SC Con'ro' I lO!.3I~ 

Stlmpiln" c~ior: ,min) 408 5931 2701 4881 130 1889 

I I I 
Shonnose gar 0.08 0.22 0.06 
Bowfin I 0.061 I 0.01 
American eel 0.D41 I 0.06 0.02 
Gizzard shad 14.82 34.25 22.2.21 18.al 7.271 22.49 
Goldeye 0.05 I 0.02! 
Moonaye 0.29 0.08 OOg ·: 
Norihem pike 0,06 0.0' 
Goldflsr, 0.13 01 11 0.12 ° 06! 
Carp 3.05 506 6.67 3.97 7.96 4.77 
Cam "eGo1dlish.,hybr'ld: O:()4! ... Ib.Qn, 
Gulden silins, 0.05 0,06 0,02 
Silver chub 0.33 0,05 0.06 0.28 0.17 
SpoWn shiner 0.59 1.16 3.00 0.71 2.19 1.25 
Red Shiner 0,151 017 0,18 0,12 013 
Emerald shiner 6.14 549 8.00 9,28 969 7.26 
SilVerband shiner 0.03 0.01 
River shiner 0.13 0.39 0.12 010 
Sand shiner 0.08 0,02 
Channel shiner 0.03 0," 0 ,09 0.12 0.06 
Shir:ler ,spncies~ '" 0.05 '0:02 
Bullhead minnow 0.29 1.57 6.00 0.80 0.69 1.67 
Bigmouth buffalo 0.1 i 0 ,18 067 006; 0 ,23 0.21 
SmalimOUlh buffalO 1,14 2.61 3.22 0.71 2.88 1.91 
Black buffalo 0.18 0.39 0 .03 0.23 0.13 
Quillback 0.08 006 012 0,04 
River carpsucker 0.11 1.47 0.32,1 0 .28 2,54 0.78 
I ShDrihead red ~orse 0.18 0.12 0.09 
Golden redhorse- 0.031 0,01 : 
ChcMel catfish 2.65 430 0.94 4.611 4.50 3.56 

: Flathead cat/,sh 0.66 0.28 0 .06 2,67 2.31 1.09 
Blacks\noe !opminnow 008 0 .17 0.05 
Mosqullofisl1 C,18 0.83 0.17 

: Brook silverslde 0.04 0.08 0.11 1 0.06 0,06 
Whl:e bass 1.14 0.5S 0.50 043 1.73 0.73 
I Yellow bass 0,04 0.10 003 0.05 
, Black crappie 022 ',42 6 ,44 0.09 0.92 1.:.0 
I While (:faop:e 0.04! 0.35 4,06 0.03 0.12 0,71.,., 
~gcmout!"' bass 1471 4.381 4.06 2.89 6.35 3.45 
Smaltmoutt·, bass 01 , 0.10 0281 0.12 0 ,13 
Warmou!h I 0.12 0.01 
Green sun/,sh 0,<1.4 2.76 0.67 0.46 4.62 149 
Bluegill 3.79 14.14 18.33 575 9,69 10.03 
Orangespoited sunlish 0.18 1.06 0.21 
Blueaill x Green su~1ish ·h"br.id '0;03 :C'. 

.. .. 
:0J03 0.23 0;03 

Walleye 0.04 0.39 0.03 0.07 
Sauger 0,i 5 0,231 0.28 0,23 016 
River daner I 0.03 0.01 
Slenderhead daner 0,03 0.46 0.04 
Logperch I 1 003 I 0.01 
Fantail daner I 0.03 0.01 
Freshwater drum 15.18 11 .99 8.28 9.62 17.77 11 .93 

TOlal 52.90 94.25 97 .94 62.52 8342 76.91 
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) 

SpeclP-s i Mea ConI'''' jfl.s.dt> Aoe~ 1 In5ldr- Natural O"nsld~ Roe~ SC Conlrnl TOlals 

Sar:lpllng elton (mln)i 4081 593 270 4B81 130 1889 

Shar"'.n~',:;2 Qa~ 31 41 7 
Sow/in 1 1 
Am&rlC8n eal 1 2 3 
G;zzard shad 403 1354 1 400 612 63 2832 
Goldeye 21 2 
Mooneye 8 3 i '1 
Northern pike 1 1 
Goldllsh 5 2 1 8 
Carp El3 200 120 129 69 601 
Carp -.x ''Gol(!jtis /'i,lhybrim 1 _ ,;:~( Ji " 

-, , , " 1: " 
Golden shiner 2 1 3 
SIlver chub 9 2 1 9 21 
Spollin shiner 16 46 54 23 19 158 
Red shiner 6 3 6 1 16 
Emerald shiner 167 217 144 30~ 84 914, 
Silverband Shiner 1 1 
River shiner 5 7 1 13 
Sand shiner 3 3 
Channel shiner 1 2 3 1 7 
ShinE'IfJ.scP'e"Gie$i' . ~!:' 

, 
2 ''' :'(: "'2 .:"; 

Bullhead minnow 8 62 108 26 6 210 
Bigmouth bullale 3 7 12 2 2 26 
Smallmouth bufJalo 31 103 58 23 25 240 
Black buffalo 7 7 1 2 17, 
QuillbacJ< 3 1 1 5 
River carpsucker 3, 58 6 9 22 98 
Shorthead redhors€ 7 <1 11 
Golden red horse 1 1 
Channel call ISh 72 170 17 150 39 448 
,Flathe ad catfish 18 11 1 87 20 137 ---
BlackSlripe lop.'T1lrmow 3 3 6 
Mosquitol~h 7 151 22 
Brook silverslde 1 3 2 2 8 
White bass 31 23 9 14 15 92 
Yellow bass 1 4 1 6 
Black crappie £ 56 116 3 8 189 
White crappie l' 14 73 1 1 90 
largemouth bass dO 173 73 94 1 55 435 
Small mouth bass 3 4 9 1\ 17 

Warmouth 11 1 

Green sunlish 121 109 12 15 40 188 
Bluegill 103, 559 330 187 84 1263 
Qrangesponed suniish I 19 I I 26 
Blueiiill x Green sunfish fwbfid - ;' 1, 1 2 4 
Walleye "1 7 1 9 
Sauger I 4 9 5 2 20 
River darte r 1 1 

Slenderhead dane: 4 5 
l ogperch I " 

, 
Fantai l daner I I '1 1 
Freshwater drum 413 474 1491 313 154 1503 

Total 1439 37261 17631 2034 7.23 9685 
I No, speCies. 25 381 341 32 27 48 
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Abstract: Since 1994. me L.S. :\rmy Corps ofEn~ineers (USACLI has been conducting a 
habitat ~ahancement program on Pool 25. Mississippi River to improve the quality and quamit:, 
of riverine-wetland habitat a\'aiJuhl~ to Jish and wmerfowl. Environmental Pool Management 
(EPM) promOtes moist-soil plant b'Towth by stabilizing water levels during the grov. ing season 10 

prevent vegetation from h::-ing inundated prior to becoming established. Allhough EPM is 
similar to mClist-soil management. this wetland management technique has never been evaluated 
in a large, regulated river, \Ve used plant and invenebr;J.le community response. as well as 
waterfowl surveys and behavioral observations. to evaluate the utility of conducting moist-soil 
management in the Mississippi River to enhance habitat available La migrating waterfowl. 
Following stabilized water levels I m below full pool for 60 days in 1999. we characterized a 
plant commLuury dominated by moist-soil plants. Pozvgonum, EchinochLo(l. and C),perus 
occurred in> 75% of sample plots. Most plant taxa were re.lativeJy well-distributed across the 
study area. Seed biomass production was eSiimated at 2.484 kg/ha. A paired-plot experiment. 
where vegetation growlh was controlled in 1 plOI\ was conducted to quantify invenebrate 
diversity and density response to the presence of vegetation. Invertebrate diversity was 
significantly higher ill vegetated plots than devegetated ploLS. Nektonic and benthic invertebrate 
density responded inconsistently arJ"lC'tng study sites. Spring \vaterfowJ surveys were dClm inated 
by dabbling ducks (>94%), and most birds were observed in vegetated habitats (>98%). The 
most common species \."~re mallards (Allosplalyrhynchos) and northern pimails (.4. aeu/a). 
Behavioral observations indicated dabbling ducks using vegetated habitat spent 25-57 % of their 
diurnal time-activity budget feeding. Mallards spent the least lime feeding. 3}C'(,. whereas 
nonhem pintails spent [he most time feeding, 45 11/0. Based on shon-cerm data, [PM has the same 
effecti veness fOT producing vegetated habitats beneficial LO migrat ing waterfov,:l in a large. 
reguJated river that moist-soil managemem has in traditional shallow impoundments. Results are 
based on one or two years of dara: r.herefore, additional research and monitoring are 
recommended 10 ensure goals of EPM continue to be met over a broader range of hydrologic 
conditions. Finally. we: suggest options for varying the implementation or LP\1to improve long­
tenTI performance. encompass a more regional view. or con!'ider a morC" diverse aquatic 
ecosystem. 

II'I'TRODUCTION 

In 19Q-\., the L'SACE and Missouri Department of Cunservation (MDe) developed a 

water level management plan to enhance fish and wildlife habitat along the Upper MissiSSIppi 

RIver b~ Increasing wetland habitat quantil~' and quality w hi ie maintaining the navigati,>n 

channel. The pbn. called Emirunlllental Pool Managem:..:nt ; EPivfL attemr1c:d lu increase the 

production of aquatic ma<.:rophYles In POOlS :24. ~~. and :6 by stabilizing water !e-vels 0.2-1.0 m 



below full pool to expose extensive areas of mudOars during. the growing season. Pool levels 

were stabilized at lower levels'> 30 days to allow plant gennination and growth then grad'Jally 

«6 em/day) restored to full pool to prevent vegetation from heing over-flooded. One specific 

goal of EPM was to improve habitat for migTatory vV'aterbirds, parricuiarly waterfowl. 

While many babitat restoration and enhancement projects profess benefits to migratory 

birds. few assessments of restoration j]cJude birds as a criterion. Evaluation studies assess the 

success of projects in meeting specific ~oals and provide information that may help fine-tune 

projects. Waterfowl can be a good indicator for evaluating restoratjon and enhancement projects 

because there is generally some hislori.c data available for both local :.lnd continental popdations 

(Toth and Anderson 1998). Additionally, the composition of a waterbird community can rctkct 

the abw)dance of food resources within a floodplai n (Kingsford and Porter J 994). An i nefease in 

aquatic vegetation ca~l provide direct benefits to waterfo,"" .. 1 by produc.ing foods like seeds and 

tubers (Bellrose 1941) as well as indirect benefirs by increasing aquatic macroinveriebrate 

populations (Kadlec 1962, Harris and Marshall 196~, V (ligb 1976. Murki!! et ai, 1982. \I1urkin 

and Kadlec 1986). 

Jnvel1ebrates are dn css'.:mial cvn1ponen! of all aqualic S) SIems. The~ s\::n,~ 3..<; an 

intennediale between primary producers and higher trophJc levels and are an imponan.! food 

source for numerous aquatic-related \iertebrate~ (l-jaITis e\ nl. 19Q5). Health of aquatii..' 

ecosystems is commonly gaugc.j by li:,e richness and abundance of invenebrates Harris d ai, 

199:;. Rosenberg and Resh 1992). As the fluctuati ng h~'drograp11 ('1 f the hisloric ri ver system 

stabilized following dam construction there was likeJy a shift in Inverlcbr"lle taxa (Men-ill and 

Cummins 19q6): therefore. as system structure begins to change again. it is plausible that another 



ass0ciated shift III taxa could occur. Although it is commonl~ accepted that aquatic 

m;;lcri..linvenebrate populatiol"! :': ar~ int111~nced h; the amount of ,·q,;etation in a welland. VEI1 iit1k' 

is reported on invertebrate-vegetation dynamics in riverine systems with regulated 00\.,'. 

Environmental Pool Management is based on sound wetland management principles: 

however. these principles have rarel y been applied to pools ofa 13rg.e. regulated river. Initial 

investigations estimated EPM g~nerated 320-400 ha of emergent vegetation at ! 0-1 00 stems'm­

on mudflats exposed in Pool 25 bc~wet:n 1994-1996 (Wlosinski et a\. unpublished data). Seven 

r1ant genera commonly recognized as waterfowl foods \\" (; r~ the moSI common. However. 

macrophyte species composition in an impoundment will change over time (hcdr ickson and 

Ta~'lor 1982) resuhing in Ouctuations iOn rypes and amounts uf direct and indirect benefits to 

wildlife . Therefore. it is impOJ1ant to <ktcnnine ifEPM continues to enhance growth of 

maerophyk species pro\'iding beneficial resources to migratmt:; waterfowl. Furthermore. no 

evaluation of the rood resources resulting from LPM has been conducted . ]-inally, 1)0 Jdta have 

been collected to evaluate if migr:.l~ing w;.lterfo\-vI are responding lO EPM. The goal of this stud~' 

\vas tel eval Ll a1L' the use llf moisl-soil management for impro'.ing habitat availahle \0 migratin::; 

Vi'ater[owl on Pool 25. Mississ ippi R.i ver. 

OBJECTIVES 

I. Characterize the plant ci.lmmunir~ respon:,;e 10 [PM a.nd estimate ~ L'ed biomass 

production. 

") QuantiJ:- the aquatic macroinvcn.<2brare population re!'ronse 10 increased vegetation 

produced b~ EPM 

j Characterize the respon ::-e oi spring migrating waterfowl \0 habiTat pwduced by U'\!!. 

3 



STODY AREA 

The study was conducted in the lower reach of Pool 25, a 3.2-mile stn:.tcb or the 

Mississippi River between Lock and Dam ,25 (river mile 241 A) and Lock and Dam 24 (ri\ler mile 

273.4. Fig. 1). ~unnal pool level is maintained at 434 ft Nati0n.11 Geodelic Vertical Datum 

(NG\'O) at Lock and Dam 25 by the LSACE and minimum \vater surface elevation is 429.7 ft 

NGVD (Wlosinski 1996. Patrick 1998). Pool 2S contains a mo:saic of habitats including 

bottomland forest, backwater 1 ake. side charmel, back water, and cropland (U. S. A..rmy Corps of 

Engineers 1996). four hundred sixteen vertebrate species ha\'c been recorded in the t1oodr1ain 

habitat of Pools 24-'26 (Terpening et aL J 975). 

Speci flc study 5i tes were located in (he back water slough at Ji 111 (row I sland, the 

downstream, side-channel tip at Turner Island, and \-vithin the backwater lake or the BatchlO\Vn 

Stale Fish and Waterfowl Manageme.nt .'\.rea. hereafter referred 10 as 13atchtovm. r~arl ic:r work 

indicated water drawdowns resulted in increased macrophyte abundance at all 3 sites (Wlosinski 

er al.. unpublisheJ data). All study sites are hunted for waterfowl through controlled dr3wing uf 

establisheu hunting blind site:; (L.S. Army Corps of Engineers J 996'). 

METHODS 

Plants 

Cornnnmily Rcspul1se.--v..:e characteri7.ed pJant commun.ity response using 16 t)'Cmsects. 

oriented perpcndicul,u- \(\ the shore line . One transect was Jocaled 31 .lim Crll\\. J at Turner. and 

the remainder were In Batchtown. Along each tf3nsect, samrle stations were lOCated at 

el(;\'alions corresponding to S. 10. 35, SO. and 7S.-cm below full P(lill. At (;ach elevation. sampk 
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sites \Vere iucated hy ~":illJ> tossing a O.5-m= sampling frame on the ground . We recorded 

number of stems and percent C(ln':;- for each species present inside the sampling frame . Samples 

were collected during 24-:25 Jul~' and ]3 August 1999. beginJ11ng approximately 3 weeks afte:· 

pool level reached mirumum V',uer surface elevation. Nomenclature for planl species followed 

Mohlenbrock (] 986). 

We uSed frequency of OCCUlTence and percent c.over to describe changes in community 

strucrure along the elev<Jtjon gradient (Daubenmirc 1959). \Ve u,,~d a K..rusbl-Wallis 

nonparamemc analysis of variance (:\NOVA \ to lest [or differences in percent cover related t(l 

elevation . When the ANOV A indicated differences occulT~~d . we used a nonparame.tric 

Bormferoni-type multiple comparison with w1cqual sample sizes to l\.lentify di fferences amon!:!. 

means (Analytical Sof1ware 1996). Individual species of woody plants did nol occur fTequently 

enough [or a species-specific CJnalysls . Howe.\"er. becJusc wood: -species encroachment at higher 

elcv3.tions could be a concern for management, we combined eastern cottonwood (Populus 

deltoides). willow (Salix spp.). and silver maple (Acer .wcc/lUrinllm) illlo a sing le ··woody 

species" category for analysis. 

Seed Biomass.--Vv'e estimaled seed biom<iss of P01.1':;:!0111-1111 lapathifolium. ~) 'l)erus 

el}'lhrorhi:'os , Leptochloa pan.icoides, Leersia OI:I-':oides. Echil1ochiou c/"usgolli , and E. muriL:alG 

at .Tim O·o\,\, Is land and B atchtlHvn using techniques developed by Laubalu1 and Fredrickson 

(, 1992) . This technique uSeS regresslOD equ31lons for rhese particular plant !" jleciC's or a groul\ fif 

2 or 3 species. which is the case for Echi/1ochloCl. to eSLlmate ~eed biomass Hom plant anJ seed 

head dimensions. Samples v. crt: c(JlkClt' LI on 3, J O. and 1 I SeplembtT 1999, bc:ginning 

approximately 3 weeks afler normal pool le\'alion was resu :ned and after the dominant species 



wuld be differentiatcJ Dnd had set seed. Dat3 werL' cullected hom ':5::; 2S~5-cm plots bc.ated 

randomly along nanseCb orienLed perpcndicuLJ.r to the shoreline. Number oj stems and seed 

heads \-vere recorded for eac11 plant species rooted within the sa,11 pli ng fTame . A representati ve 

plant for each species within the sampling column was chosen for measuring seed head and plam 

dimensions. \Ve measured the straightened height of the plant (m). height oj'the seed he:)d (em) 

along the rachis from the lowest rachilla to the top of the str:c.lghtened secJ head . and base 

diameter of the seed head (em) along the lowest seed producing, rachilla (Laubahn and 

Fredrickson 1992), 

Iovertebrates 

We conducted an experiment LO test if macroinvcl1ebrate di \'ersity and densiry was 

attributable to increased macropbYl~ production associated with EPM. We established 4 sets of 

paired-plots on the study area, 1 set each at Jim Crow and T urner and .2 sets at BatchtQwn (Fig. 

I). Each plot was 400 m" and plOlS v, .. ithin each pair were spaced at least 10m apart. 

We collected ncktOnic .'1nd benthic samples during 3-4 October 1998 from 9 points within 

each plot at the Jim Crow and Turner sites. A drop in pool water level during 10- J 1 October 

1998 (Fig. 1) and tht, on::-et (If the 1998 walerfo",:1 hUn! ing S\.. ;ls c'n precluded us frc)f)1 collecling 

samples at tnc 2 Batchtown locations, Nektonic samples were collected by passing aD-frame 

sweep net 5 times through a vertical column of water. incltHjjng the detriw!'. layer overla:V'ing the 

sediment. con:aiIlEd by a 4U-cm diameter stclVepipe sampler. F ollowin~ t.:~lch sweep. ,he content :, 

ofthe net w~r~ rin~ed with water into a L.S . Standard 30 mesh bucket sieve. All sweeps for I 

sample- lot~Lion were stored in a singk plastic zirper~lock freezer bag and preserved wilh SO% 

ethyl alcohol until processed in (he lab_ OOC' benthic sampl was collected at each sampling point 
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using a J 96 . 3 5-(.m~ core 'sampkr lSW3.11SCIIl 19~ :3). BenU1ic samples w:.:re rinsed and slO r~d h.\ 

the same methods as nebollic samples. 

10 summer J 999. one pIal from each pair was randomly assigned to remain vegetated 

l controll or to be devegetated (treatment). T reallnem plots and a ~~5 111 buffer arounJ the pIal 

were treated with Rodeo1i
', a commercial, non-persistent, aquatic herbicide, beginn.ing 2 v. cek\ 

after soils were exposed. Plots and buffer areas were treated every 2 weeks until water level 

retumed to full pool. By preventing vegetation establishll1ent within the devegetated plots W~ 

attempted to simulat C" substrate conditions prior to EPM (i.v no management) . Vegct3ted l~l(\!s 

represented current habitat conditions. Ncktonic and benthic invenebrate sample's were collected 

at all 4 sites during :2 October 1 C)99 [ollowin& methods used durin:; 1998 

In the. lab. somplc~ w('r~' slaiIv.:cl with rose bengal for at le<t ~ \ :4 h(l1.l)"" 10 f;ll'iii!;! l C' 

processing. (tvlason and Yevich 1(67). Samples were drained oC the alcohoL rinsed with \ovate.r in 

a U.S. Standard 30 mesh sie\c, then sorted under a magnify,ng lamp. Identification and 

taxonomic classification of macroinverrebrates followed Pennak. (1 989) and MelTin ;.nd 

Cummins (\996). Annelids \i ere identified to class , Crustaceans to order 01" family. and 

Molluscs and Insects to family . This taxonomic resolution is g~nerally adequate to determine 

lrophic functional g.:·oup (Cummins 1973) and the number of taxa idemifiL:d was a crude 

indicator of species di \ ersit~ 

[[wertebrate diversity was calculated using tbe Shanmlfl index of diversity (H ' ). 

Differences in invertebrate diversity was calculated for site-specific plOl comparisons using a 

modifiec. I-lest (Zar 1996). For the Jim C !()\\ and Turner S ilt' ~ ~-raclor AN OVA was us d to test 

for a difference in [he mean density of all invertebrate taxa. includin~ site. year. and treatment as 
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explanatory variables tn the model. \Ve tested for IJ-eatment effects at Jim Crow and Turner 

separately using ::'-factor ANO\' A with year and treatment (lS explanalOry va:-iables and the 

interaction term as an indicator response b~· invenebrates (0 the treatment. Becau~i.: data v. cre 

available for B<tt~,htown only in 1999, these data were analyzed usin~ a separate ANO\' A. that 

included site and Lre~ltment as explanatory variables. V,-hen A;-.JOVA indicated differences 

occurred. we used Least Signi flcanl Differenc.e multiple comparison to identify di ffcrences 

beN/een specific means. V"llen necessary, data were log(x"; I) transformed to met! assumptions 

of nonnality and stabilize varidJ'lce . \Ve predicted that if EP\1 caused an increase in 

macroinvertebrate di versity and density. Jevegela1ed plots ,"vould have signific:J.ntly lower density 

and di\'lTsity than vegetated plots during 1999 , 

Waterfowl 

We counted waterfo",,1 during the 1999 al':d 2000 sprint!. migration by conducting weekly 

ground surveys, ;'\,11 side channel and backwater ~tn~as SOULh of Hausgen Island (Fig. I) WtTL' 

surveyed beginning the lasl week in February and ending after the firsl week in April. SUl'vey~ 

were conducted from the bo'" of a boat except the slough ('In Jim (1'0,"" ! sland and the impoLlndd 

arcCl:> of Turner island, which were surveyed on fOOL We rocorded lotal number. species. and 

habitat (whether w3terfo\l/1 were in vegetation or open waler) lor all species (\f ducks [md geese 

observed durin;4 each survey . 

For (he 6 \.\ l'l'k survey p~riod. we report the number of waterfowl-use days for dabbling 

ducks, diving ducks. and Canada geese (BrclI1w ccJJ1udel1sl.I' 1. \J-'/aterfowl-use day ~ were 

calculmed b ,. multiplying the mean waterfowl COUl)( of ~ wn::,,;cutive surveys- by the nWl~ber of 

days between surveys then summing all means (wer the 6 week sun ~'Y period, T (l test for f::uild-

8 



speci fie di fferences in walerfc\\-li'i-us.: dnys bel,· een habitats. we used J. nvo-\;liled Marul- Wllitne:,' 

i '-I.::st with Normal Appro}:imation and Continuit. Correc.tion, 

"L;sing aeriaJ survey dal,[ provided by Illjnoi~ \iarw'all-lislory Survey ( i\'1-1S), we 

compared waterfowl abundanee during spring migration before \'S, after implementatlon of EPM, 

Three years of data were available for spring migration before LPM (1992-C)~) and six years of 

data were used for post EPM (1995-2000) . For each year, \\(.' summed all \., akrfcp .. v\ recorded 

during the IN1-lS spring survey period that typically began ill mid February and ended mid to late 

April and tested for differences pre- \'5. post-EPM using single factor ANOVA. We performed 

analyses on thL: most common taxa separately (mallards, I1QI1hern pinlails. northern shoveler 

r 1nas c1J'pea(a], and American green-winged teal lAo crecc{I coro/inensis 1) 3::. v.'c!1 as all dabblers 

comhined, and mergansers. Because continental waterfowl populalions a.lso Ouctuated during 

these years, we included breeding )OpUlalion estimates [or each species or combination of 

species as a covariate in each analysis . Continental popularion estimates were: from survey strala 

20-S0 of the spring breeding population sun'ey (L.S. Fish and Wildlife Sen'ice 2000) . \Ve used 

estimates [rom the Ma:, 101 Iclwi Ilg lhe spring surveys as tbi~ likely was the be~t ~~limdtc or 

population size durin); spring migf3tion , 

Wl: conducted behavioral observations to construct time-acti vi ty budgets of'waterfowl 

during spring migration. Obst::r\'atiom were conducted hct\~'ecn sunri~L' and -;UTlL;l"L (Central 

Standard Time- J from duck blinds located throughoUl the study area using a 20-60x sponing 

seop::: . lndividuals were selected for ohservation b~ - aiming lhe spotting scope at the center of d 

f10ck and selecting th~ btrd in tl~c center of the field of \ iC\i FocaJ ind iv iduals were observed 

i"L)t" 1 :\-30 minutes Vvilh behavior recorded at I O-::;ec intervals . If rhe original bi rd s'vvam out of 
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view. bdorc Lhe end of the 30-min session. the obsen'miofl v, :J ~ adjusted to the 11carest nCli;hhor 

of the same species and sex as the f':1 :;1l1-indi, idun\ (Losito e( aJ. 1989). Beha\ 'io ral cmegories 

included: feedin g. comfort (preenin1; . drinking. win~ ilapping. he.ad shaking.l. locomotion 

(swimming, flying) . agonistic (chasing. [liting). counship (including copularion), loafing 

(inactive anc. resting), and alert. .\1\ d:lt3 were dictated into a portabl e microca sette recorder 

then sequentially transcribed to data sheets. 

We compared species-specific sex and year diffcrerH.·,,; :,; in time-acti\, il) budgets using a 2-

tailed Mann- \\11itncy [,'-lest with Nanna! Approximalion and Continuity Correction. 

Differences j 11 speci fie behaviors between specie:;. was tested using Kruskal- \Vallis 

nonparame1ric ANOVA and a Bonnferoni-type nonparamelTic multiple comparison (Analytical 

Software 1996). AH data are presented as non-lransformed means (±l SL) and results of 

slatistical analyses \-vere considered significant at P < O.OS . 

RESULTS 

Plants 

Cornmunily (·omposifion. -Fifteen genera of plants ,,,,'ere recorded from all plots. Po~\'gonum. 

Echinoc:hloa. and Cyperus were the most common plant genera t:ncoun!ered. occlllTing in 93.2%, 

79.5%. al10. 76.7% of plots, respectively (Table I). Mean number of genera per plot did not y af)' 

with elevation (!~ ,6S ; l AO. P == 0.:44), MC<'1ll stem density (stemshn: ) was bighest for Cyperus 

and J'olygcmum (89.2 .:::: 20.8 ste.ms/me and 41,4 :::: 5.8 slemsl ll1~ . respectivel:;: fable ~) J\1ean 

stem density of woody species was 1.9 ± 0.5 ~ tem ~."Im :'. 

Mean percent Co\ er was independent of elevation [or alJ pJams e~;c ('J.'t Fol.\',!!.(J;ll!m cmd 

Ipomea purpurea (Fq, ~ = ~.65(i. J> = O.(l4 J and F.!. 6~ = 3.3bO. P>; 0.014 . rcspecllve1v: Table 31. 
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Percent cover of P()Zl'gOlllll}] Ivvas signiilcantly lower at the 7)~cm elevation tban lhe SO~cm 

elevation l.lev '" 2.81, P < O . O~ 1 but nOl at the C'ther ele\'ations. Although mean percenr covet oi 

Ipomea pUf'JJlIrcCl was signiflcantly related to ek\"<itioo. post hoc multiple comparison revealed 

no significant differences between sr2.cified .: Jt-\ alions (ZL, ' = ~.81. P > 0.0)), suggesting lhe 

Qvera]) resuil was not very slrong 

Seed Biomass. --Seed biomass data \-vas collected for 5 moist-soil plant groups (Table 4) . 

Estimated mean seed biomass for all locations was 2.496 k~ha and WaS comprised mainly 0(' 

(lperus elYlhrorhizos (1.]23 kg .11a) and Pofygonum lapath~rolium (1.084 kg11a). Total seed 

biomass productIon per ha was generally higher <l[ Batchtown than a1 Jim CrO\~" as were genera­

specific seed produclion; allhough Leplochloo poni{;oides h;ld hi~her seed biomass production at 

.lim Crow than at Batchtown (Table 4). 

Ill\'crtcb ra tes 

Diversity. --Si:>..1y-onc taxa were collected from nekton.ic and benthic samples during this 

study , 52 in 1998 and 37 in 1999 (Appendix A). rhe combination o[specie~ richness and 

abundance resulted in an overall Shannon diversity index value o[ H m,1_' I = 1.79. Predators were 

the dominant trophic group, represented by :.; I di fferent la"a, followed b~' scavengers. 7 taxa: 

shredders, 6 taxa: collec1or~ and filterers, .5 ta'\.a each : scrapers , 4 taXa; and parasites cmd borers. 

1 taxon each. During 1998. 44 different taxa were collected at Jim (10\0',,' and 39 different ta.'i.Cl 

were collec,ted at Turner (Table 5): di\ ersl!Y did no! di fkr b-:l ween pl ots al t ilher site (i 2, : <'; 3. 4 = 

0.69. P = 0.494 and ' :: , 25 V ) :~ J .88. P::< O.06~, rcspecti'J e1~' . Table 6). 

I:ollowing vegetalion cOnlrul in 1999. ~ I ta.,(3 were collected llt Jim Crow. 18 al Tumer. 

:~ at BaL.clnown West. and 26 at Batchtown East (Table 51. Ten tax2 collected in 1998 were not 
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collected in J C)99 , includll)~ 8 predator taxa and ~ collector taxa (Appendix A ). Diversi!"); of tax,: 

was higher 1:1 the vegetated plots at Jim Crow (/:. 1::'7 1 = 4.96. P < UJJOI \. Tumer (/~. o ( 7 = 4.49. P 

<0.(0)). Batch\0wn West (I~.K . 5 ;' 6.74. P < 0.001), and B,llchlD'vvn [~1 (':: 1::' 10 = 3.1~, P < 

O,OO~. Tahle 6'] . Predators and sc,1\'cngers were tht' trophic group fl)Und les" often in the 

devegelBteJ plots . 

!,uklonic ""/(Jcroim'erlebralt' Del1siiy.-- In 1998. rriul' 10 the de vegetation experiment. mean 

invertebrate density in all vegetaled plots (n = 4) \vas 11 .0::: I.~ individuals/m:'. Density of 

invertebrates was higher at Jim Cn1\\ rhem Turner (Fl." = 14.41, P < 0.00 I ). but im',-'rlcbrate 

density in vegetated plots did not differ from plots scheduled to be devegelated for either Jim 

Crow (F, 1(, = 0.03, P = 0 .S.:' 7) or T wner (F
" 

16 =::; 1.1 1. P = 0.307. T abl<: 7). 01 igochaeta wns the 

most common taxa. 4.2 ± 0.8 individuals/m". followed by Physid3e. ~.8 :'- 0.4 jndividualsJm~' . ano 

Cor!xidae. 1.3 ..L 0.3 indjvjdual::"m~ . 

Following vegetation control in 1999. mean invertebratC' density in all vegetated plots (n 

= 4, incl udi rlg the:! Batchtown si les) W:J,S :2.5 ± 0.3 j nd; vid ua] sim~, lower than! n I 998 (F I 7!l = 

74.88. P < 0.00 I) . lnvertebrale densjt~ in vegetated plOIS did nOl differ between Jim Crow and 

Turner: however, invenebrate densi{y at Batchtown West \~"'-lS significantly lower Lhan .lim Cro\\, 

and in\·C'rtehrale density at Batchtown East was significantly 10 er than all other sites (F33: = 

1 ~.66. P < 0.001. Table 7) . The mosl common taxa included oligochaetes, 0.6 :::- 0.1 

individuals.'m2
. corixids 0.5 ± 0.1 indi\iduals/m!. and Chironomidae. 0.4 ::: 0.1 indi\'idualsim~_ 

F or Jim Crow and Turner. there \\ as a signi ficanl site hy year by In.:alment inlL'rac:~i('n 

(F1,1J4 "" 21.89, P < (1.00 L Fig. ~ \, indIcating there was n0t a consiStenl response by aquatic 

macroinvertebrates to vegetation re.moval. AI r urncr. the vegetated plot had h)gher 10\ t;ncbralc 
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densir) than the dewgetated plot (F, 16 = 16.13 , P = O.UlI I ). hut invenebrml: dcnsit ~ ' \ \ as higher in 

the devegelated plot at Jim (,ro'" (FU (' = :3.40. P < 0.00 1. ri~. :'). We detected no d j ~:JerenCt' ir: 

invertebrale densiry berween lreatment and control plots at e·ther Batchtmvn \\ est (F , == :3 .65 , P 

= 0.074) or Batchlovm East (F,.It-. =:0 2.45. P"" 0.137. Fig. J) in 1999. 

In an effort to understand the: differences in invertebrale response 10 presence ( If 

vegetation, at each site we conducted taxon-spe.cific analyses [or the most common invenebrare 

taxa collected; oligochaetes, chironomids, and corixids. 'vie did nut detect a Ireatment e.ffecl for 

oligochaele or corixiJ density at either TUnler (FJ.~} == 3 .57. P = 0.068 and F.;: = 1.34 , P = O.~56. 

respectively) or Jim Crow (FJ ., = 0.77, P = 0.387 and FI .:. ~ -- 1.34, P = 0.25). rcspecu ·,.'elyl. 

Density for both la':a did n0l differ significalllly bem'een plots a[ Bat<;htown West (Fl, l~ = 0.14 ., P 

= 0.7! 5 and FI.1 6 = O.OS , P ~ O. 779. r~ spectively), but corixid density was higher in tbe \Tgclafcd 

plot at Baichtown East (F1•16 = 7.:21 . P < 0 .016) whereas oligochaete density was similar between 

plots (FlY, = .2 .65, P = 0.123 . TabJe 8). There WJS no detectable treatment dfec! on ch..ironomid 

density at Turner (F I .3? = 3. 19. P = 0.084) , but at Jim Crow l'hiroJ100lid density increased in the 

de vegetated plot (FU'2 = 55.41 . P < 0.001, Table 8) following vegetation removal. Chironomid 

density was similar between plots at Batchtown v.:es( (FI ,II, = ~,65, P = 0.12.; ). but higher in the 

devegetated plot at Batchtown East (Fi 1t,'--::' 13. 97. P = O.OO~. Table 8). 

Finally . we removed chironomids. oligochaetes, and c,ol'ixids from lbe modelll) lest for Q 

treatment e ffect on the remainin:; in\ t rtebrate taxa and we J..::lectcd no treatment effect ill Jim 

Crow (FI.~~ = 0.40. P =- (). 5~ 1 ). but in verL~brate density \\ "LlS lower in the de\/c"~dated pl cl! al 

T umer rFu :' = 16.96, P < (\ . (JO 1: Table R) . IJwertcbrafe density was greater in the vegctated plot 
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at Batchto\\'ll West (F ,.1(> = 20.62. P < 0.001 ) but did not differ bet\veen plots a l Balchlown East 

(FI . I,,:: 0.-21. p::: 0 .656. Table 81. 

Benthic M(lc}'uil11~erlebr(Jlc- DensUl ' --II) 1 <)C)8. mean benthic im'enebrate densiTY in atl 

vegetated plotS (n = 4) was ]70. q:. 43 .6 indj"iduals/m: . In contrast to the nektonic samples. 

density ofim'crtebrates was higher at Turner tban Jim Crow (Fl. : .. = 25.53. P < 0.00l) 

Invertebrate density in vegetated plOlS and plots assigned 10 be de vegetated did not differ 3t either 

Jim Crow i,F1.16 = 1 . ~ I. P = 0.157) or Turner (F1•1b = 3.16. P = 0.094. Table 7). Oligochaeles 

were most abundant (253 .5:::: 43.9 individuals/m!) folit)wed b\ ph:ysids (9.6" 1.5 

j ndi vi duals/m"). 

In 1999, mean benthic inVl'i1ebrate density for veget3ted plOLS (17 = 4) including the 

B atchlown sites was 7::' .7 ± ) ?. 7 i nd iv]duals/nl~. lower {han in 1998 (F, ?I I :=; 37 .S3 , p ~. 0.001 ). 

Unlike the sile-specific variation in the nektonic samples collected in 1999. b::n1hic invertebrate 

density in vegetated plots did nOl differ between the 4 sites (F>.:'2 = 0.40. }1 <. 0.756, Table 7) . 

Abundant taxa included oligochaetes (63.3 i: 1~ . 5 individuals/n'?) and physids \3.4 = 1.1 

i ndi viduals/m: ). 

Following the devegelalion -.:xperimen! there \.\>'a 5: a signi fican; site b~' ye::\~ by trealment 

interaction (FI .(,4 = 9.31. P < Un03. Fig. 4) for Jim Cr0w and 'ulile r. suggesting there was nol a 

consistent treatmem effect arno}:g siles. Benthic invertebrate densi! , did nOl diffl'l' be:\\ecn plo!:' 

at Turner (F1•16 ::=. 0.11. p::o ()74S) , bm was higher in the de\'t:get.:1ted plu! at Jim Cf0 \V (F
1 

1(,::::: 

I J .49, P = 0.004. Fi g. 41 . Separate analyses showed densil: die. not differ bdl,\cc:n plots at eithG[, 

Batchtown West (F I I ii '-'= 0.77. P = 0.393) or Batcbtown East (FLlI . =:; 0. 97. p:= 0.338. Fig. 4) . 
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Similar to lbe neklorUc samples. we conducted laxon-spec.iflc analyses forthe most 

common taxa. Thc!'e was no delectable treatment effect for oligoc:.hack or cruronomid densil: en 

Turner iF, :: :: 0.88. P = 0.354 and F .. ,: :=; 1.78, P == 0.192 . respectively. Table 9), bm density for 

both taxa increased in the devegetate.d plol Jim Crow (F 1,31 = 10.03, P = 0.003 and Fu:. == 6.33. P 

= 0.017, respectively, Table 9). Densit~ of oligochaet.es and c.hironomids was similar between 

plots at Batchtown East (F. 16 = '3 .G3, P =. O. J a 1 and FI :" == 1.23. P = O.} 84, respectively), 

whereas at Batchtown West density of oligochaetes did not differ between plots (Fll i == 0.64 . p::: 

0.437). b'Jt chironomid density was higher in the devegetale.d plor (Fl,I(. = 5.7: . F = 0.030, Table 

9) . We did no! detect a treatrnent effect for physid density at either Jim Cro\Ao' (F! '; = 4.08, P ~ 

0.052) or Turner (FI.3~ :=: 0 .58, P = 0.453. Table 9) and density was similar be[\\ een plots at bOth 

Batchtown West (FI. 16 = 0.00. P = 1.000) and Batchtown Ea~t (Fl,'b = 0.02. P = U.896, Table 9'1, 

Finally, we removed these taXa ti'om the model , but did not uetecl a significant treatment et'ft'd 

for the remaining taxa <it both .Tim Cro'.\' (F, ;., = O . O~ . P = 0.877) and Tumer (F 13c = 1.53, r::::: 

0.22:5) . Benthic invertebrate densi:y orthe remairung taxa d;d nol differ b~tween plots al either 

Batchtown West (PI! " = 0.02. P = 8.889) or Batchtown EaS1 (}-1 .16= 1.99 . .P "" 0.103, Table 9). 

\\' a tcrfowl 

Sw·\'eJ i'.--Lower POQl ::"5 supponed 227.18:2 and 185 ,870 duck use-days and 1,]4..:1 and 385 

Canada goose use-uays during the 6-week ground survey pc-:'lod in spring 19C)~J and }OOO. 

respectively. Peak number of waterfowl SW'\ -:yed (16.277) in 1999 O(;CU1Ted on 7 i\r1,,"ch (Fi g. ::) 

and was dominated by mallards (7,980) and northern pintails (7 ,800)' Peak Canada goose 

numbers was highest on 27 February (~27 : Fig . 6). During :2000. peak number ofwalcrfowl 

(I ~.l6TI occurred on 4 March (Fig. ~ \ and was rrincipally mallards t,6 .4}(l )- northelll pimajjs 
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(3.5S4), and American green-winged teal (L718) . Peak nUl11b~r ofCill1ada geese ( ~I \ (,ccun'ec1 

on 31 March (Fig . 6). During both years. surveys were dominated by dabbling ducks (Table JUl . 

Species-specific abundanc::: is summarized in Appendix B . Af1er conlTolling for continental 

population size. we detected no ditTerc:rrce in waterfowl abundance for any species or !'pecies 

group in the JNHS aerial survey data (P"s > 0.21 , Table II), 

Dabbling ducks and Canada geese were more abundant in \'egetated habitats (2 = 3.32. 1-' 

< 0.001 and Z = 1.99. P = 0 .046. respe-clively), while diving duc.Ks were more common in open 

waler habitats (Z = 3.38. ? < 0.(0). Table 10). During spring 1999. 94 .0% of all ducks t:(lunted 

were in vegetated habitats; during spring ::WOO. duc.ks in veg.~tated habitats made up 89 . 3~ · o of 311 

ducks surveyed and \\'ere mainly dabbling ducks (99.2%). Dabbling ducks totaled 23 . ::~~ ! of aJl 

ducks surveyed in open waler in 2000. 

Behavior.--During 2 spring seasons. we oh<;erved American green-winged teal for 28.2 b. 

mallards for 55 . .2 h, and northern pintai Is for 37.2 h (Table 1 :2). American grecn-winged Leal 

showed no annual differences in time engaged in locomotion (Z = 1,43 , P ::; 0.154). courtship (1 

= 0.20, P == 0 .840). or com forI (Z =: 0.95. p :: 0.341). Foraging effort was less during 1999 than 

::WOQ (Z = 3.19. P == 0.0(1) . C(lnversel~·. more time was ~pent IO~lftng. in 1990 than in 2000 (Z == 

::! .36. P = 0.019, Fig . 7) . Female American green-winged leal spenl more titTle feeding than 

males ( 2::; 2.4Q. p := 0.013): whereas males spent more time in comfon activit ies (2 = 2.78. P = 

0.005 . Table l~) Males also spent more time ell~a~~d in locomotion ~Z == 2'c)5. P = 0.041) and 

aggre~sive encoumers (Z = 2.96. P = 0. 007'). "leither mallads nor northern pimai b di ffered in 

time aCllvity budge.ts between years (Fig. 7). Proportion of time spent in each (\cti,"iry did not 

differ bel\'v'een sexes for either specJes (Table 12 J. 
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DLSCUSSION 

Plants 

One of the goals of EPM was to increase tbe production of plant foods important for 

111 igratory waterfowl. using moist-soil managem2n1, While moist-soil vegetation dynamjcs are 

well documented in seasonally flooded. shallo,,\' impoundments (Fredrickson and Taylor 1982, 

Iv!erendino 1989, Lane and Jens~'n 19991. this is one of the fe\\' quantitative assessments (0 

document that moist-soil management has the same uti lity in a large. regulated river. We 

recorded 15 taxa of moist-soil plants. 10 more taxa than reported in a previous study (\Vlosinski 

et a1. unpublished data), including ') g.enera of wO(ldy plam species and common cocklebur 

(Xonlhium sfrllmol'iwn). Unlike Wlosinski et aI., \Ale did not record Ponicum or Sl'fariu. rcrc~nt 

occurrence was comparable betw(.cn studies for most genera: except we enc.ountered Po/ygonum 

twice as frequently (93.2(Yo) and Amarol11hus half as often (16.4%). 

Species occurrence di tTerenccs between Ollr study and previous data (\\/1 usi nski et aL 

unpublished daLa) may be due 10 several factors, First, Wlosinski e! aL report (bta collected in 

Pools 24-26. Thus, although J 'anicuJ)) and Setaria occ.urred ill 15 and 10% of their plots: 

respectively: they may nm have' been present \" itbin samples collected in Pn()1 25. S(·cond. study 

'ites within Pool 2.' were not idemical between studies. \\:e did not sample vegetation at Stag 

Island (as reporteJ b) \\,'Iosinski et £11. I. but sJ.mplL:d cXlcnsi\'ely (12 transects) throughout 

Barclllown. Third. the di fCerence in number of taxa reponed could be related Lu dewatering r~1tc, 

Drawdowns in both 1995 and 1996 commenced following, J 3-day dewatenng. \vhereas 

drawdown conunenccd after a I ;-day dewatering in 199q (hg. 8) . S lower dev.,atering often 

leads to greater diversity . especiaUy in mid I late growing season (Fredrickson an d Tay lor 1982. 
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Lane and Jensen 199Q). Fourth. perennial ~pecies commonJ~' increase in an impoundment ,-vhen 

II has been under moist-soil management for more than 4 years. The occurrence ofw()ody 

species in our sample may indicate' succ.essional changes in the plant communiry since \\ loslHski 

et a1. collected data in 1996. L.:lStly. we sampled more plots acr(lSS a greater elcvational range: 

therefore, we bad a greater probability of detecting relative!: rar~ specie'" 

Trees and perennial herbaceous plants occurred lhroughOUl lhe srudy area. It seems 

tmlikely tJlat trees would become.' establish(;d al the low~r ei...:vatiolls, however, these species may 

sUr\'lve at the higher sites, This is not necessarily detrimental becClu I:: some herbaceous 

perennials can produce a larg.e 3bundance of seeds readily u1nsumed by waterfowl (Fredrickson 

dnd Taylor 19R2) and leaf liner from trees can provide \aluable nutrienls for aqLl8tic 

macroinvertebrates, which are food for fish and waterfowl. HO\o\lever. (sLabl islunent of trees mClY 

cause a decline in early succession annual s through shading. Ft~l1h ermore. trees may increase 

sediment deposition during hi;h water flows. leading to increased siltation rates. 

We L1iled LO detect substantial differen<:cs in plant 'spL:cics compuslllull with ck"':ltion in 

the pool. Uniformity in plant distribution may be a response 10 a fast dewatering c\'cnl, \Vater 

levels in the pool wem from full pool ,.0'75 cm below f1111 pool in 13 days: however. A() cm of 

this drop occurred in 6 days (Fig. 81. Stands of simiL.J.r vegetation :.lre generally produced when 

\vater is removed from an area in a few days (Fredrickson and Taylor 1982. Lane and Jensen 

\999). \Ve did find that Trnmca purpur/?Q , Xanlhium slJ"/./nu/I'iunL and A maronrhw rlldis 

occurred more fTequently at hi~her elevations (Table 1). bUI onJ~.' !j)omea purp ureu is c()f1sidcrd 

a dry soi 1 specie~, I I1 general. '.1. Ii I s cirj~d c,.II1S'idt:rahJy f ollc\wj ng dcwall?ring in 1999. \\ ';;ter 

leveis stabilized 60 Cin below lilt!" low~st sample ele\'atiol1 ill J 999. \Nhich pennined soils 10 dry 

, c, 
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enough 10 support Eide/7.!,' spp.,;} moisH;oil plant species thal prefers drier soils. al our 10west 

sampling elevation. 

An0ther explanation for un:form plant dtstribution. for at least POZ'I!?Ol1wn, Echin{Ichlou. 

and C}perus. is that we did not differentiate between species within these genera. Vegetation 

sampling occun'ed several weeks after geJ111ination. a period when identifying moisl-soil plant 

species is difficult; thcrdore. a decision was made during data collection to identify planrs to 

genus when speciation was nol possible . Zonation may hah occurred v.rithin a particular genus. 

but our data does nOl allov .. · us to make thaT disti.nction. 

An assumption ofEPM was lhat increased moist-soil vegetation v. uuId resull in a higher 

production of waterfowl food in the form of seeds . Data support this asstUTIption: we estimated 

seed production in lower Pool ~5 was ~,496 kg/ha during 1999. Vv'hile intensively managed 

moist soil impoundmentS in the CMR can consislenrly produce 1.344 kglha of seeds (Rei~l et aJ. 

1989), reported seed biomass eSlimates bave ranged from 364 k~ l13 in Loui'siana (Davis el al. 

1961) to 2,920 kg/ha in Missouri (Fredrickson and Taylor 1982). Of the taxa w.: sampled, 

C;-peru,\; eryrhrorhi::os had the highest overall seed biomass 1.1.2:3 kt:; 'ha) which was higher (han 

va.lues reponed by other studies. C)''{Jeru.\ erythrorhi::os seed biomass w;:s rcpol1ed a1 670 kg 'oa 

i 11 the III inai s Ri ver Valley, (Low and Be IIrose 1944) and Cl'perus seed biomass was r.::poned as 

higb as 900 k'..:/ba in southeast ,\I\issouri (Fredrickson and Tavlor 198:2): altholl£h. there was nt ! 
.... - . " -

dislinCllon of H parllcular species. Our estlmate of seed biomass estimale for Poh'c;onum 

lapalhifolium (l ,084 kg/hal was comparable to others (Low 3Jld Beilwse 1944, Fredri::kson and 

Taylor J 982). Echil1(Jchloa spp. seed biomass (106 .7 kg 'ha) \vas considerabl~' lower than 
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estimates of2.920 kglha reportcd fonhc: Illinois River floodplain (Low and Bellrose 1944) or 

1-350 kg/ha reponed for southeast Missouri (Fredrickson and TaYlor 1982), 

\Iv' ... onl~' esrimatcd seed biomass and did not consider olher edibk plan! pans, such as 

tubers , (lperZis esculell/us is not considered an imporLtnt "ted producer. investing more ener£:, 

in luber produc.tion for reproduction (Kelley) C)90). 10 fac.l. 8jO';1 of the belowground biomass of 

chufa can be tuhers which can C0ntribute 360 kg:ba of food (Kellc:y 1 ot)O), \).,'hilc this value is 

lower tban some of ollr seed bioma~" estimates. a measure ,)f lUber bi(\mas~ pr(lcluced by EPM 

would h el p provide a more accurate calculation of waterfowl calT~ing capaci ry . 

The availability of plant foods is an important determinant of habitat quality on ::rreas 

managed for migra1ing \vaterfowl (Bellrose and Crompton 1979), To provide a measure or the 

[unctional value of the seed produced. we convened our seed biom;ls~ estimates into watcrf(\wl 

USe days using the following equalion from Reinecke et al. ( I !)x91: 

{[Seed biamas~ (g/h::ll . ME (kcal/gll/DlE (kcal/day) =: WJkrf"ow] use-day /ha; 

where ME equals l1ll:t41b('di /:ablc encr~y of the food fN waterfl1wl and DEE equals daily enerJ), 

expenditure for a duck Cfable J 3'). For example. Echrnuchlo{) has an ME value of :2.81 kcallg for 

pinlails (Table 1.3 ; Hoffman and B(lokhout 1985), and [he DEE for a rintai\ is 243 k<':CiI.Jay 

(P!i nee] 979) . T hu:;, the :,ccd produced by Echmoch! (J() on one hectare of Paul 25 ( 1 07 kg!ha) 

could support 1.142 PllD [( J(\7.000 g/ha ' 2,81 kcal/g)'~4:' hca!/da~'J. \1ultiplying th.is estimate 

b~ the estimated 3~O-400 ha of \'(,:l;ctaUon produced by EPM ('VI:losinski et 31 unpublish(;d data) 

i ndi cates thnt Echil1 l1chloo COU IJ support :3 C) 7 ..+40-496,800 Pt' 0, l-lowcn."r. S LIl: h c .. !Ic U: .. l;JI.lllS 

over estimate carrying. capaclI: f'lecause all ~eeds produced arC:' not available tn waterf.:\w1
. Some 

eeds a re eaten by other birds, seeds may fa ll into deep water whe\ '~ th\?y are not a\ 'ailable 1O 
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mac) species. drifi away durill~ nl\\'V events. or lose encrg; \·a.luc du': it) delenoration [ollowin:; 

inundation. Echinochloa mas~ declines 43-57()/(\ afier 90 days of inundation (Neely 1956). Even 

assuming substantia) loss of seed biomass to these sources. biomass a\,~llable tn waterfowl was 

substamial. 

IlJvertebrates 

'vie documented siQ.nificant between vear differences in the aouatic macroinvel1ebrate _ , J 

community. Both invertebrate diversiry and abundance were higher at Jim Crow and Turner 

during 1998 than 1999. Differences were not 3 result ofthc tutal number of days between 

reflooding and sarl.lpling. In fact. sample sites were flooded:; days longer in 1999 than 1998. 

Oi fferences may h.ave be.en caused by differences in hydroperiod bet ween years (Fig. 9). During 

1998. the lotal number of days recorded bel a v .. ' full pool was greater than 1999. but water level 

spikes occurred on several occasions. including one e.vent i.n July when water levels exceeded 

full pool. .Anecdota I reports suggest most of the vegetation t hat had establ ished prj or to this peak 

cJ ied (K. Dalrymple, M i~,~:()uri Department of C onscn ~tion. personal communication). 111i~ high 

waler event was followed hy another reriod of drawdov.m and vegetation regro'v\'lh before water 

levels rose 10 full pool. In contrast, during 1099 water levels were relatively stable for S4 day~ 

during July and August. Aquatic nl3croinvel1ebrales vary considerably in their abi lity to survive 

elry conditions (Wiggins et al. 1980). The more ii'equem water level spikes in 1998 may have 

allowed invertebrates stranded in isolated pools to survive the drawdo\.vn and repleni shed soil 

mOi~ll!re, ~hus tncreasin~ {he length ohime that drought resistant iOvCt1ebrates were able to 

sUfvi ve in the soi I (M. ~'11i I es. ~()uthern Illi Hoi s U ni versity at Carhondale. J'.c']'<;;onal 

C0mmllnicalion) In contrast. the - 4-day drawdown dunng the hottest months of the ye3. r (Jul~ -
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August) in J99Q may have decreased ule survl\,J.bility of some tax:J. AI[crnately. primary 

production (u:'. fooel for inwrtchratC's) may ha\'e been hi~.her in 1998 either due to JJvorable soil 

moisture levels caused by [he -'irri~ation c\"(~nts" or the ~ ge;'minalion events that occurred before 

and after the July high water even\. Furthermore': the senescence oftbe 11r5t vegetative grcwv1h 

may have contributed a supply of deo'irus biomass earlier during ref10uJ in 1998. This detritus 

input may have provided additional struclUrc and iC10d rtS(lU1'ces t(\ aqU::llic m3croinvertebrates: 

thereby allowing for a more rapid rec('lonization or quicker production. 

/\.qualic plant communities greatly influence invertebrate communities (Westlake 1975, 

Voigts 1976, Korschgen 1989). An assumption behind EPM was that increased \'L':;,et.1tion 

would provide direct benefits to invenebrates in the form of food and cover (Atwood et a1. 19Q6), 

which would benefit fish and birds the]! feed (In invel1ebrates. Presumably these benefits would 

be measured as an increase in aquatic :nacroinvertebratc di\crsi,>, and abundance. Although 

there was considerable annual variation in diversity and density, we found invertebrate di versil), 

was higher in \cgetated v~. deYc:'getated plots at all sites sampled in 1999 (fable 6). Th-: number 

of predator, shredder, and scaveng.er taxa seemed ml)st il1fl u(~\lced by the pre~C'llce (If \egewtion. 

\1ost of the predators we collected in the \-t:gC'~ation are clas~jfied as climbers or clinger.::. and 

those in devegetaled areas are mostly sWlInmers (M(:rriI1 and Cummins 1996"). Therefore. 

aquatic macroinver1ebra~e predator diversity appear::; to have increasl:J when vegetation created 

suitahk' habitats for t.hese taxa, Allhough trophic dynamics of iTJyertcbrate~ in floodplain 

systems has Jeen largely unsludicd (Smock 1999): presumabl~'. predator taxa was inlluencL:d by 

prey base. However, at 3 of t.he 4 sites sampled in 1999. il1\ L:nebrates v,,'ere not more abundant in 



vegetated habitat. 1--low the more Qiverse predator communiry could contribute to our failure to 

deteel differences in invertebrate densiry ben..veen vegetated \'s. devegetated plots is unclear, 

[n ~ontrast to diversity, the relationship between invertebrate densit.' imd vcg~:Llli(ln was-

inconsistent among our study sites , Ow' data sugges1 that EPM doC's not consistently result in 

increased macro invertebrate abundance for waterfowl and fish during fall. Inverrebrate 

abundance is influenced b:· a variety of ahiotic and bioti..: factors . We initiall .' thought the 

response by mvertebr31CS to thl' presence of vegetatIon (signal) 'would be strong enough \0 

overcome variability in otber explanatory facloF (noise). However. it is apparent that 

invertebrale community dynamics within Pool 25 ~rc morl! wmplex and need further ;;rudy 

before any definiti\'c conclusions ru-e reached , Some l<L'X3 \. .... uuld likely not rt:~pl)nd to vegetation 

but ratber components tn (he IIl1er and soil. We did not qua11lify the amount. depth. or type uf 

liner on the soil surface, therefore. \\L' (annOI speculate \\ hCLher di fferences in litter occurred 

between plots. Addi tionally; litter-dependent taxa may have been inOuenced by deuita l inputs 

associated with \,egetalion production occurring along plot periphery. and the results we obtained 

were effected by the size of the Ireatment plotS, Finally, increases in predators (either fish or 

invcncbrate predators) may h3\'(: decr~~lsed prey species abundance in veg.etated areas, 

The taxonomic resolution \;..;e cho~e for invenebrate identification may have' ce.mplicated 

our :malyses for both neklonic .md benlhic saml'l~s . \\ ':,ubleskj (l9RC)) found -.:hironomid 

distribu;.i,~)n in wgc!:1tcd versu de \'egetated areas was partitioned by 5ubfamllies, Ch;r()lWminae 

were mote abundant in areas where aquatic macrophYles were removed than adj(lcem vegetated 

areas: Onhocladiinae were more abunu:mt in veg.~taled areas and 'j anypodinac demonstrall.:.d no 

difference between habiia[s . Had \ve used a [mer ta\:onomic re olutjon it i. possib1t we mighl 
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have fCllmd la-xJ-spccific responses, Hovv'ever. finer resnlmion would nul have allered our 

conclmions about IIve-ralI in\'crlcbrate abLmdance a.s 2. food !'Ptlrce· for waterfowl. 

V\,ilterfowl 

The goai ofEPM to increase macrophyte abundance was. in part. an attempt to increase 

the qualifY of rlver hobitots for migrating waterfowl. B~I increasing the qualit:v' of fora~ing areas 

in Pool 25, waterfowl can more easily meet physiological and behavioral demands duri.ng 

migration. such as building endogenous reser\'es and pair formation (r redricksol1 and Drobney 

1979) and:or provide: those resourCeS for a larg~r population. which can lead to Increased 

duckJ ing recruitment on breeding areas. To meet nutri tionaJ demands during III i gration. 

waterlowl feed on plant foods such as seeds and tubers that <lre high in carbohydraH.:.-- Jnd more 

easily converted to fat and invertebrates that provides ample protein iur individuals unde.rgoing 

molt (Ricklefs 1974: Anderson and LO\v 197(.,. Murki n and Kadl ec 1986. Korschgen 1989, Reid 

et al. I 989). 

Our ground surveys during spring m igration rccord~d > 1 85.000 WJt~rCo\V1 use-da\;; 

(TabJe 10), but <1mllysis of pfe~ \'. I"n<;1 - r PM ~eri;:d 51Jrwy d(l1(l did not detect jl)cl'eCtsed 

\\'3.tcrfowl popUlation. during 'pring in years follO\\,ing implem.::.ntatiull of EPM. This should not 

be \'iewed a$ evidence tbal waterfowl hJve 110l benefitted hom EPM. First. many L:ctors 

influence spring popUlation size at a specilrc sile. includil1~. many {hdt a('.( awa~' Fr,lnl the site of 

interest. Second. srringi;;ummer hydropeliod during J 99~·20(j() varicj considcrabJ~, 

Constraints imposed b~ river flo,,\, meant thai EPM wac; not imp\~l1l..:nted in :l unil'orm manner 

during 311 years. FunhermorL'. h~ droperiNj during one pre-Eprvl year (199':::) )11a~' ha ve penni ned 

mOlst soil plant gro\qh. which may e-:-:plaJll the large waterfowl nllmb",rs surveyed during spring 



or J 993 (Tabk 11). GIven such strong interannual variability and hmited years (wailab1e for 

compaIison. It is not surprising we could not detect differences in vV'-ller[owl abundanc~. 

Because distribution of migralory birds is influenced by numy factors. abwldance is not 

always an adequate measure of habitat quality (Van Home J 983). rather paraIncters thai 

characterize the functional response ofwat.erfowl may be more useful. On our study area. ->94"0 

of all waterfowl occurred in \ c:;dated areas and >98 U
/o of these birds were dabbllllg ducks that 

spent from 15-57% of their diurnal time foraging (Fig. 7). Although we do not have diet data. 

the most common dabbling ducks in our surveys (mallard. pinlaiL and teal) feed e>-.tensi\,d) on 

the seeds of plants recorded during plant surveys. Foraging dTon was consistent wi Ih data 

collected a{ other spri ng OJ i gral ion areas (Gruenhagen J 987. S mi etansk i Ilj94). Thes.: data 

suggest habitats created hy EPM are providing quality habital for waterfowl. However. it should 

be noted that dabbling ducks require shallow water for foraging. and vegerJkd areas closel) 

{;orrespond with shallow water areas. Thus, we can not unal'lbiguously relate behavior to 

vegetation production. Behavioral data from shallow, open water habitats would ~\)nsjderably 

strengthen the link between vegetation p roduction and \\'aterfowl heh:J\'ior. 

CONCLUSIONS AND RECOMMENDATIONS 

Our datCl confirm thaI EPIvl has produced a community of early successIonal. annual 

llwist suil plants that has increased the produclion of seeds known 10 bl· imponant waterfowl 

foods. The presence of wood y species at many sample I (lcations suggests encroachment b~ 

woody perennials in higher Sil~~ ill Pool ~5 may result i r EPM continues_ If prevention of tree 

species establishment is desirabk:. the 1.'SACE may wan! to consider not us ing E PM i:1 all yelrs 

in all pools. Inter~r\ersing yea~''-, of full pool and EPl\'1 may reduce ~l'nnination llr ~\. .. d~ or lower 



the ~lli"\'ival of young trees. Our data do 1l00lDdicare 3[1 incr~'ase in the aquatic macroinvenebrate 

food resource for waterfowl a~ a resuh of lPM. but additional research is necC'ssary to confinu 

this result. However. inveI1ebrates ha\ c inherent value and invenebrate communities are 

im;reasingly being used to evaluate the success of habitat re toration and enhancement and 

ecosystem llealth (Rosenberg and Resh 19c)~. \1errirt et al. 1099. O'Malley 1909). 011]" dara 

indicate invertebrate diversity was enhanced by EPM. FU!1hermorc. plclDt rTuJuClion in shallo\.\ 

water areas may h~\c more than site-specific benefits 10 the lll\'crtcbrate comml111it~·. Course and 

fine particulate organic marter created b~' decomp0sing vcgelation and tlushed fi'om shallow 

water, vegetated areas will contribute to the overall energy budget of the river. p()tenliJIl~ 

benefitting pelagic i!1\ ertebrale taxa and species that prey upon them. 

We did not detect ,1n 0\'('1"311 increase m waterfolA.'1 abundance aft er EPM. However. 

habitat selection by migrator) birds like waterfowl is influenced by many biotic and abiotic 

lactors: thus. ef/"ons to establisb a causal link helween habit3t management actions and 

population size can be difficult. Because l)f this. estimates of food 3\'ailCihility beUl111L: a 

sUlTl.lgate and sometimes preferred measure of suc.cess. Based on thi s cri tcria. EP}"~ su bstantiall > 

increased the qU'lmit~ of" moist-soil seed produced in Pool 25 [or wat",rfow], 

As with an~ anempl at !JLlhita1 eul1ancemem or resto ration. lon~ -It'rm m()nill'riJ~~ is 

essential to ensure management goals continue to be met. Our evaluation is based 011 1 year of 

.jata fo: plants, and "2 yt:ars of da,3 for inverlebrates and waterfow l. and therefo re. may not rdlect 

periodic fluctuations in these panicula:r communities. PI,~llt L:ommunity composition will likely 

change as sedimemation slowly fills backwater areas. or if sllccessio:1J.1 cbange - in community 

composition occur F W"thcr inve11ebrate invesugations should he conducted that include 



additional study siTes and more of the annual cycl e. Our conclusJOtls are based on fait 

abundance: c.onsequently. results may not be similar in spring or additional research may help 

identify mechan isms preventinr invertebrate l.:l'\<l from increasing. Studies of invcJiebrate 

biomass or production lruy p!O\'ide additional insight into EP l'-1"sintluence on the aquatic 

macroinvert~brate community (Benke el al 1984). We documented heav~· use of \"egelated areas 

by forag.ing ducks: additional research is needl'J to link this behavior spec! L"lC;,:J]y to vegetation 

production. Spring :200 I represents a unique opportUnity to learn about vegetation-watcrfo\\'l 

dynamics and EPM. \Vater l~vels remained mostly Jt full rool during the :2000 growing sea~i.m 

prevenl ing plant establ ishment over large: areas. Thus, un like pre\' lOllS years. shallO\v water 

habitats devoid of vegetation are avaiiable for study. Comparison of bird distribution and 

behavior in 200 I with 199Cl and 2000 could conttibule valuable data towards understandi ng 

waterfowl response. 

Finall). the USACE should in\"csiigate lhe feasabilit~J of varying the timing and dmation 

of EPM. While we rec.ognize that implementation of EPivl is constr<1ined by hydrologic factors 

largely outside of USACE control. the long term benefits of EPM will he maximized if EPM is 

not implemellled in tbe same way every year. Such option~ si.ou ld i ncl ude lhe )'( Issi bi I it: (.f not 

implementing I='PM in all years. If Pools 24-:~6 cZln be. m::lnirulmed separately. thc5'C pools could 

h2 managed as a \\'~tiand complex. with the goal of providing all habitats somewhere v.;ithin Ill.: 

complex each ~.!L·ar. wiU10Lll htl\ ing 10 pro\"ide them in ('\'e:'Y PLIOl. Glyc'"n ,he difficult) of 

conn oiling water levels. thIS may be logistically more feasible lhaJJ try iJlg to lnicmmanage v,zn~T 

levels in a single pflOl. Discussions should also consider the tmpaC1S of implementing EPM at 

different elevations. \Vhat are the impacts of holding water at 430 vs. 43.2 fC' Hov,' !1t igbt L:J hon. 



duration rise in water levels affect plant grO\Nth. The answers to these questions will likely v:>ry 

depending on t11.:: tJxa cnnsidered. If more fine tuned w:J\cr m:ma~';:ment 1~ not feasihk. "Vt al 

kust advocate cominued investigations thai lake advanta~e of the naturally \'ariablE" 

hydrodperiod. Such studies will pro\'idc critical information (hat can be llsed to confinn pallerns 

ident.ified in this study, provide a better understanding of how this \'ariabilit) effects the Pool .25 

system, and suggest ways to use E PM that continues to benefit both wClterfc1\\,) and other wetland 

dependent taxa. 
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Trible 1, PCICE'-Ilt occurrence or plflill 1;1.1«(1 ~llong all elevalion gradient (-.:m) relative 10 fuJi pool (414.0 n. NGVD), 011 II'<:lIlsecls (J/ _. 1 (I) 

llriL'l1lcd pcrpcllJicul(l1" 10 lhe :-;Il(ll"clinc, in PIH)I 25, Mississippi River. Juring summer 1999. 

Ueval[on below rull pool 

TaXa 5 20 35 50 75 Overall 

j) (/1.I'g un /111/" 100.n 94.0 94.0 100.0 75.0 9J.2 

{chi I/uddl II I I, 81 . .1 87.5 75,0 X4.(J M).7 7°.S 

toO,) 

( ·l'/wrll.\'L· 75.0 62.5 81.3 92.3 75.0 76.7 
b. 

N Of'i/ljJlI i.dandicfI J lJ \ LJ 37.5 () J.5 )3.3 18.4 

\\1 (I(ld:v pi an IS" ~5,() 1 R.S I g.g 38.5 ;1.3 26,() 

loOl'l'/och!oll !)(II/it'flldes 31.3 1~.5 37.5 15.4 16.7 23.3 

UuderHill t.iuhiu 1 R.R 125 12.5 38.5 41.7 2.1.3 

J.t!t'rsi(f tlJyzoiiles ~S.O .25. () 1 g.::: 15A 1 (j. 7 20.0 

I'/lloronllllls rl/dis 37.5 12.5 12.5 15.4 0.0 I ().4 

Yo II /" ill JJ 1 sf]') 1I]1L1 r i II III I g.g 1 ~.S 12.5 0.0 n.() I 1 . () 



' .. d 
'./'I 

Ttlble I. Continued. 

2U 

15.0 6.3 

f.YIlf!.J"OSI is hYI)!1f)idcs 0.0 0 .0 

IJideJls spr. Cd 6.3 

;'Jllcludes r()~rgoIJ1/llllllp(Jlh!li)IiIl/IJ (llld P. pe/Jl7\y/vnnicllII"I 

hrncludes l~chjl7()chll)a t'l"Ils9,olli (lilt! E IJIllricofa 

' 11lt:ludL's C)"llf'I"IIS esclllelllils :lllU ('. fl},fhJ'(lJ"hi:o.1 

"1 lll.: 1 udcs j10! JliI liS spp .. A eel" spp" <mel ,f.,'(// ix spp. 

EI CV(ll ion below rull pOll I 

35 50 75 Overall 

0.0 O.n n.o 

6.3 7.7 S.3 4.1 

0.0 0.0 S.3 4.1 



l:lhlc 2. Stem density rx 'sicl1lshn' (SF·)l orplllnl taxa along 811 elevation gradienl (em) relative to rull pnol (434.0 I't. N<..iVD). un 

LHlJ)ScctS (II -' 16) oricilteu perpendicular [0 the shorel inc in Pool 25, Mississippi River, during summer 1999. 

[le\lal ion belol,.v rull 11001 

Tnxn 20 35 50 75 Overall 

f'11~VJ!./JI7I1/J1" 19.J (3 ,5) .15 ,0 O .S) 45.0 (lOA) 84.9 (23 .9) 27.7 (7.2) 41.4 (5 .S) 

{~'chi'IO( ' hlt U,h J5,5 (12 .. 1) 5U.0 (1 .:\.0) 46.8 ( 14.0) 20.6 (7 ,8) 7.7 (2.9) Jtl.O (S ,4) 

( 'r/JC!/'II::/ 23 .8 (G , ! ) 71.5 (40.8) 127.3 (48.2) 158.8 (80.7) 74.0 (~~,3) 89,2 (20.S) 
.... > 
0-

RIIJ'iIJ/){J ;,I'/olldi(,lI ).0 ( J.O) 2.8 ( 1.3) 4,8 (2.8) 4.3 ( 1.2) 'Y. .7 ( 1.7) .1.t) ( 1 ,0) 

W (Judy pl(ll)(s't 2,() (I J) 1 <i (1.0) 1.0 (0, () ) 3.1 ( 1.4) 2.0 (O,Q\ 1.9 (O.S) 

l.C'IJloch/o(lI){llIico;t/l's 2.3 (1,0.) 30.5 (30.0) 3.0 ( 1.3) 34.5 (J2.2) 2.7 (2 ,3) 14.4 (R ,7 ) 

/.inti (' /'1/ ill" II hi (/ 7.n n .t)) 6,5 (4 .8) 3.5 (2,) ) 4.0 (2'() ) 14.n (7,5) 6.7 (, 1 . C) ) 

Lel'J',I'iu (lryzoides 2.8 [ ? .0) 2.S ( I.()) I.S (0.0) 2.8 (2.0) 1.3 (1,0) 2.2 «() .7) 

.. I mor(fll{ hilS I'II(/i,\ 2.R ( 1 ,:1 ) 3 ,) (3 .0) 0,5 (0.3) 1.5 ( 1.2) 0.0 (0.0) 1.7 (0.7) 

.\"0 nt 11111 /JI S {1'I111111/ -; 1/111 1..1 (0.7) \.0 (O.CI) 0,8 (0,5) 0,0 (0,0) 0.0 ((lO) (1.7 «() , ~) 



TnbJe 2. Conlinued. 

[levatiolJ helow full pool 

Tllxa 20 35 50 75 ()verall 

f/JOIIW rl /'IIJ"/lIIU'1i 1.5 ((). 7) n.3 (0.-') O,G (0 0) 0.0 10 .0 ) (J .n (OJ)) 

r:mgrvsr is hY/IJIIJiries o. n ((1. ()) 0.0 (0.0) 1.5 (1.5) 0.6 (0.6) 1.0 (1.0) OJ) (OA) 

BideJl.\" spp. 0 . .1 (D.3) 0", (O.J) 0.0 (0.0) 0.0 (0.0) O,l (0 .3) o ~ (0. I) 

'IndllJes POlygOlllllll/UjJi7lhiji)/illlll <lIld fl. pen/"l.'Y"·(fl/icUJ!/ 

I'}ncludes [i;('hil1och/o(l Cl'IIs);(flli <lnd F IIIlIrico/({ 

<-ll\cllIdcs C:1'I)I!J'I/S e,\t' //Iel/fll,\' anJ C. ery f/froJ'hizos 

<II ncJulics /'0/)/11/1,\' spr., llcer spp" and , ..... (llis spp. 



Table 3. Percent cover I x ~ 'O (SLlI and results or Kruskal-Wallis le!"l (N) for differences in percent cover rela(ed [0 CICV£llioll. of pl.ml 

I()xa along all elevation grat.!icn t (ern) relative. to full pool (434 .0 fl. NGVl)) ill Pool 25, Mississippi River. during slimmer 1999. 

Tran~ects (11 = I G) were oriented perpendicular to the shoreline. K ruskal- Wnllis sl;]listics were considered signi fiC3Jll when I' --: a.os 

::lnll are i dent j fiet.! wi t h bol d I~c\' t Y reo 

F1c.\'at i on below fu II poo 1 

20 35 so Overall !-/ I' 

'1)()l11ea I}IIJ"I)/Ir('l/ 4.4 (2.1) 0.6 (0.6) 0.0 (0.0) 0.0 (0 .0) 0.0 (0 .0) 1.1(0.5) I 1.36 0.023 
'j) 

00 

J){)ZI'f~O}//II/1 ' 15.0 (I} .S) 17 . ~(3.4) 23J>(4.7) 26.2 (6·:n 8.8(2.1) 18 .)(1.9) 10.99 0.027 

LchiIIOCh/OI/ 22.~ i6 .:') n .S(.".7) 18.8 (4.4) )5 .0(6.7) (1.3 (2.1) 18.0 (2.5) 7.56 0. 109 

r: IFCI'IiS" 12 .:2 (3 .5) 20.0 (8.0) 2~.2 (6.6) 16.5 {5.9) 15.4 (7 .~) 17.4 (2.8) 2.20 0.608 

l. e [II (I( '/11 (Ii i 1'(/11 it '/1 hies ]1~fI.7) 6.3 (5.6) 5.0 (2.2) 8.5 (6.4) 1.3 (0.9) tl.9 (1.8) 3.32 O.SO() 

N l)I"i/l/)/1 ;.~ 1(llIliiclI 2 . ." (I J) 1.6 (OJ)) l.g (0.6) 3.1 (0.7) 1.7 (O.7J 2.1 (0.4) 3.40 (1,494 

Wl~ody pl<lI)(S" 0.91.0.5 ) 0.9 (0.5) 0.9 (0.5) 1.9 (0 .7) I .) (0.7) 1.2 (0.2) 2.22 O.()9() 

lilldl?l"Jli(/ £II/hili 2.1< (l.~n 2.2 (l.()) 1.6(\.3) 1.<) (0 7) 2.1 (0.7) 2.1(0.6) 4.r;<) 1)120 

/ JI1I(i!"(lIllhIlS I"lIdil' S..l (1A) I.() (I.:» 0.1,\ (0.7) 1.9(1.1) 0.0 ((1.0) 2.1 (0 .7) 7JN O.OW) 



T"lble 1. Continued . 

Elevation below rull pool 

raxa 5 20 15 50 75 Overall il 

Leers iu (llT zoidcs 1.0 (O,~) 1.6 (0 .8) 0.9 (0.5) 0 .8 (0 .5) O.S (O.()) 1.2 (O.J) 0.92 () . L»)~ 

XUllihilllJ/ ,1/rJllllarilllll l.~ ( I .1 ) 1.6 (0.9) 0.6(0.4) 0.0 (0.0) 0.0 (0.0) O.C) (0.3) 5.17 0.271 

C/'ugms/ is "! ,/'111 liLil!x 0.0 (0.0) 0.0 (0.0) 1.9 (1.9) 0.4 (0.4) 0.4 (0.4) 0.5 (0.4) 2.47 0.651 

fJidf'ns spp. OJ (0 .. 1) 0 .3 (0 .3) 0.0 (0 .0) 0.0 (0 .0) 0.8 (0.8) 0.3 (0 .2) 2. 16 0.707 
v) 
\0 

"J Ileludes L'chilJ(}cll/o(/ uJlsgulli rind H. /III/rica/a 

' Includes (11)(-'/,/IS esclllell/I/S alld C. cly,ltrorhiz().\· 



T<1bl(' 'I. FstilH<I(cd seed bIOmass (\- I ~F) rrolluced hy moist-soil plant groups measured C1l Batch(owll, Jim Crow, and bolh loca(ions combined in 1'(012). 

Mississippi River. durillg SlIlIlIHCI j9t)9. Seed biomass estimates were clIlculated llsing regression equations' ueveloped by Liluhahn (lnu l;redrickSOIl (1()l)2). 

j)"lchtowll .lim Crow Sites C0J1lbilled 

II k!~/ha Sl' JI kg/hi! SE II kg/hOI S~ 

2.12 11 '-l.J 21.0 20 [ 8.5 185 252 ( 0('.7 19.,1 

I,(,prs io or"z oilles' 232 12.1 <I.ll 20 0.0 O,G 252 1 I. ( '(.'1 

2:1 2 1,2(, ;U 133.0 20 746.6 420.9 252 1.222.7 In.o 

232 J.(i 2.6 20 820.2 22'1.0 252 71/1 n.2 

-, ") 
-.)~ I .IIISA 65.9 20 293.0 82.5 252 I,mn 7 (,2.9 

Totnl 2.5"2.2 1,878.3 2.'195.() 

• Vmi"h les ii, rcg":~s ,,'" cq \ l n l i(1 l1 ~ II ['= pl ~ 1I11 height (1I1 ),II E/\ O '" 1I11111 he l "r"ccd hc~d, i ll .,~n\plc I,mue : Il L = he ighl (,r'CpTc5enlal ivu,;crtl head (1:111): liD ~dl~lllckr !'llq'I~Sl'III;'!l\'~ <ced 

h~ad (em) 

"(III \ ; hIRe"i , III 01l06')', x (II I h " !>,';) '( (rr(ll lJ/2\,( UL)I) .1 

(1.1 (32 x III) , (II Oll211R \ (111'1\1),';) x (I Jh(. 11)11)'12))) 

1{II11I(,n \' r trAllSI 



Table 5, Number of invertebrate taxa per tnlphic ::: u i III collected from neklonic and benthic sall1;lk, at .I im Croll' 

lslJnd (.1(0 and Turner lsland (TU RN ') during October 1998 and Jim Cro\\' Island, T umer Island. Balchwwn \-VtS, 

(BTW). and Balci1t(\\.\'n East (BIT) during October 1999 in 'Poo! ::':'. Mi~sissippj Rwcr, K:::tnaloda. 

Ceratopogonidae. and Chirl,nomidaC' art' represtllted in both Predator ano Collector ~lll1ds. however. the~' were 

counted onl~ once for column toral number of taxa collected. 

1998 1999 

.Ie TURN Total JC TURN BTW BTE TOlal 

Guild 
Predal(ll 24 --' 30 q 4 1--:; 11 19 

Collector 6 .; 6 .3 ~ .3 3 ~ 

Filterer 2 2 .> .; . 

Scmper 4 .3 4 1 3 3 

Shredcier 5 4 6 .3 0 :2 2 .3 

Parasite 0 (j 0 () (J (I 

Scavenger :' 6 4 ~ 3 , (, 

Borer 0 

Total 44 'Q J • 5) :11 18 ",'" 2(; 41 

.11 



T:ti)ie (,_ NlImher of (aXil pCI II(\phic guild. 101lt! 11l)l11\Jer or taxlI, Shanllon J iversilY index lIj). (lnd prOpOrliOl1 of maximunl diversity (.I)' of illveltebrales 

collee'led from nd,IOllic and h("nlhic samples. in vegetaled ( Veg) and devcger(lted plots (Devc~), at Jim Crow Isblld and Turner Island dllring Octoher 19()R anJ 

Jim Cro\\ I slant!. Turner Islillld, <111(1 2 site, 1I1 B<lkltl(\\\'11 03 r West and 13T East), Pool 25, M issis~ ippi River, Octoher I Q99, During 19Q8. vegelal iOIl was 

pll',~eJ11 ill dCI'C'Q('iilled pl()i~. bill wcrt' cnntrlll leJ for \ t.:geilltion g,rowth during 19l)9, NCI1l:lto(b, Ceralopngnn iu;]e. ([lid eh irOll(llll idae <Ire represenied in h()lh 

rred<l(or llud ('ollcclor ,!wi Ids, howe,vel. rhey ,Ire c(ll1sitlcrcJ ani\' once (01 ((;)1:11 number of taxa collected. 

1(1)8 19q9 

J inl Crow Till ncr .I till Crow TUrller I3T Wcsr 131 East 

---- - -

Veg llevcg Vcg Dcveg V\:g Dcvcg V(~g De\<cg Vt:g Deveg Veg Deveg 

..l:>-
I,,) 

<';lIild 

l'I'c<l 1111l1" I~ 1<) 20 17 q 5 R II II :- Q 

( nlle-L' lnr /.1 5 ! ~ .' ::; 3 .2 -' 2 3 

Fi llel er U 0 3 ,I 

SU;Jper .] 3 .3 
, 

2 ., 2 .) 

Sllreddcl' ,I .' 2 0 () .1 0 tJ 

]l:il:iC,iic 0 () 0 0 0 n 0 () () 0 I) 

S(;;]\'(,l1gCI "-I <I ,) 2 () 

1\01 er 0 II (I () 0 II 



.] ,,11k 6. ((>111 i1llle'd 

1998 1991) 

J i Il\ Crow Tlimcr .lim Crow fumer B1" West 

Veg l)cveg V cg Lkvcg Veg lJeveg Veg [kveg Vcg Del'eg. \leg DnTg 

Nu, T""" 

Nekto)l it.: 35 JI 3'1 27 20 10 16 8 18 (i 20 11 

Benlhic 7 5 7 (i Lj 4 4 ) 6 6 

1'0[<11 )5 JI 34 !.7 1<,> 10 16 X IR 9 19 II 

.J:,. /I' I J<J Uo lAO I ~J I 16 O.~~ 1.0rl 0.70 1,08 o 6:? 1.12 11 03 
l.;J 

J' On 0.70 o.n 0.74 (16" 0,52 0 .. '\9 OAO OJil o 15 0.62 0.52 

.J . - .1/ '/11, ,,,,, " where II "'.,, .' (lllaXillHlIll U ivel'sity) '" I. 7X 



rable 7, Mean dens(1), lilldiviclu<lI~)lJ) (SF)] ,md Le<ls! SignifiC';ml Dirrerence multiple comparisclil ~"'''I""~ oi"inYertebrntcs collcclctl rr(lill nekl(1nic alld helJthic 

Qallipies. ill ve-~d::lleJ (Veg) and devegclilled plols (Deveg). <II Jim Crow I';land and TUrilcr I sland during OClnbcr 1 C)98 i\nd Jim Crow Isl;lIld. 'r lIrtler I slalld. anJ ) 

sile~ al Ihlchl(lII'I\ (13"1' Wcst lIud DT ~asl) . I'Q()125. Mississirpi River during Ocloher 19Y9, 

J illl CrolV Turner RT Easl 

Veg Lkl'egt. Veg Dc\'cg \lcg ()('vcg. \leg Devcg 

I,.I,() P,R)/\ 14 1 (2,0)A R.7 (2.0)13 

IJclllhic 56.2 «j,(i)A 1 00 C) (25.0)/\ 

../.0- 19<)f) 

.L. 

Nekl<ll1il },!) (0 Ill/\ 17,0 (3. LI)/\ 3.1 «(),,1)AI3 1.2 (0 3)13 2 J (O.Q)13 o. () (0 .5)8 (L7 (0 I )e I ~ «(j, 1)1l 

0.(; (2.2)/\ ,II 1(10.1)/\ IR.8(R.I)A 13,8 (2 5)1\13 11 .6 (2,9)/\ 21.11 (4}{)lJ 17,2 (Ll.G)/\ 1 n.r. (2 ,(,)11 

, C I1II1 ]1i11 i <;(lIlS arl' hd \\'('en ~illl ilar pin! ealcg.ol"lrs wilh ill il Sillllpir Iype, l1leans wilh Sillne kiter are sim i lill": r 0 as 

I, DUI; Ilg I ()9R. \'(-gcl!l1 it 111 W:IS Pll':-;CIlI in dc\'cgd:IIL'l1 plots htll vegelation growl h was cOlllrol kd during 1999 



T:'Ib1e 8. Mt;(II\ tJemily (ilidividu<lI~/1112 -1: I SE) of select inverlebrate taxa collected ill lleklOnic s<ll1lples in ve!.'clated (Vcg) <lnd devegclillcu (l)cveg) pIPL~ (I[ siles 

loc<ttl'd in PM] I ?5, Missis~il'ri River during October 1998 <lnJ 199Q. Standard Error is listed in parelllilcses below density. Signiricantly higltel me~n uensih' (/' 

""- 0,05) tliall the colilparisoll plot at the slime site is noted ill boldface type. 

1<>98 1999 

,lim Crow TUllier Jill) Crow Turn er BT West In I ~nst 

rnxl)ll Vcg lJevcg~ Veg Oeveg Veg Oel'<"" ,.. Veg Devcg Veg Deveg. Veg Deveg. 

01 igochnel;l <17 7t ) 1.9 2.5 D.S 4.1 0.8 0 . .3 0.9 0,6 (), 1 (l.(1 

(1,2) ( 1,5) ( I.H) (2.4) (0 2) (0,9) (0.2) (0. [) (0,5) (OJ) (0.1 )* ((U ) 

.4- Cit il nlllllil idilC o ~ o I 0.7 0.3 1,0 8.9 04 O.~ 0.1 0.2 01 O.J 
',b 

(0.1 ')* ((1, I ) .. (0, ,) (0, I) (o.:n ( 1.6) (02) (0.3) (0 \)t (() I) (ILl )i< (O,I )~ 

COl ixiune 0,7 1.5 1.9 1.0 0,5 J..4 1.3 0.2 0.1 0,1 0.3 0, ( 

(0 J) ((15) (0,7) (() ,'I) (n 4) ( I .6) (02) (0.1 ) (0.1 )'" 10 I ),~ (0.))' «() 1)-" 

l{emf! in iog Ta~a 4.6 I.J 1.1 2,5 ) ;j 0,., 0.5 o I*' \,4 fl. I * 0.2 01 

( I .-'I ) (0,2 ) (11.3 ) (0 7) (IU) CO, I ) «(J, I) (0.1 )~ (0,4 ) (0.1 )~ «(), I ) (0.1 )" 

~ Deno(es v(\llICS ' [) I) I , 

, Ikl'cgeliJiCd piL'l, ill (()I)g had vcgt(aliun pl'esent bul welc (;olltr(liled lor vegel;lliOIl growth in 199<), 



I ;jill.- (). Uen~ily ( r- illui vidu;]ls/IIl' :I· I S·) of selecl invertdmllc taxa collected in benlh ie s<J111ples ill vegct;)ted (Veg) BUU ucveQe"taled ([)ev('Q) plots at siles 

IOC;Jteu ill Pool 25, M ismsi[)pi R ivcr durillg Oclober 1998 and I QC)9. Standard Error is I islcd in parentheses be low density. Sign; licantly higher l1lean ueIl<;ity (/' 

.~ f).OS) Ihilll tile comp,llisOIl plut <lllhe SlIlllC sile is noted ill boldface Iype. 

19Y5 191)9 

.lim Crow T urner J illl CrOll [llrIler IrrWe~1 HT ra<..l 

1:1)/01\ Veg l1eveg" Veg Devcg Veg Devcg Vq~ Deveg Veg Deveg Ve!! Deveg 

OligorhllelJ 1.52 7 In .\ 2675 4%.6 4().2 192.3 RIU 56.6 5:'.'1 %.1 69.(, IC).S 

(4" G) (<l1.6) (J7.S) (t.!().~) (S.S) (50 .. \ ) (41.9) (120) ( 15.2) ( 1 5) (Yl .. 71 (5.1 I 

...,.. <.. h iWIIOIII idaE' 2.3 on 6.2 :-. 7 62 1211 4.5 1),9 n.r, (d~ 0.(\ 1.7 
o· (1.51 (11.0) (3 R) (2.2) (2.9) (J.J) (2.9) (2.9) (0.11) (28) (01,) (08) 

Phvs id11e IS.3 8.5 R.5 6.2 1.1 4.0 (l.G t 7 OJ, O/i 11 .3 l:t (i 

0.7) (2 2) (, I) (2A) (1.1.7) ( 1.4) (O.(l) (1 ~) (0.(1) (OJi) (l I) (5 I) 

1h'lIlaillillg -I nx n :1.0 2.S :u: 4.5 0.1 ' 0.6 0.1·' 0.1* 2.3 \.6 ,; 6 1~.7 

(2.2) (Ll) (1 .2 ) (U) (O_W (06) (0.1 )-< (0.1 )t (0.<») ( '.R) (Un (5 tI) 

~ Dellotes values < lUI I . 

. , I kveg.el ~l, d plots ill I Q()}\ h;!J \ e:;ct.ll i(lil present bill were c0l11rolled for \'e!!('llltion ~ro\\'lh ill 1009 



Table 10. \}. .... aierfClwl -use days and their relative distribl:tion (%) bet\\cen vegetated and open 

water habitats for gLlilds of waterfowl (dabblers. divers. geese) smveyed weckl~" (n - 6) in the 

lower reach of Pool ~:;. M.ississippi River. during late February through earl,> April 1909 Jnd 

2000. 

Year 

Guild j·bbitat 1999 2000 

Dabbler Vegetation 213.226 (98) ]66,540 (9C)) 

\\' a ltr 4.045 (2) I. C)O~ (I) 

Total 217.~71 168.442 

Diver Vegetation 47q ( 5) "'I -" (I ) 

Waler 9.433 (95) J. ,725 (99) 

Total 9,912 2.756 

Geese Vegetation 086 (7q) 266 (69) 

Water 158(~1) Il9(:'I) 

Total 1.244 385 

All GuiJc:s Vegetalion .214.691 (94) 166.837 (()7 ) 

Water 13.736 (6) 4.746 (3) 

Total :28.427 17.1.583" 
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.j::. 

00 

('lIbk II . 1'1': (JIld post CIlI'ironment;!1 1'(1ul MonagcIllC1l1 <lnl1u;11 .. pr ing w()lerrowl aerial survey oat;) for Batchtown 1'001 <lnd Turner Ishlnd collected 

by Illinois Nllioral History SlIrvey 

Veal [PM MALL" NO!'1 A(iWl (jADW NSI-IO LEse (MER DAI.mS" D1VFS< TOTAl." 

11)\)2 r le 5·10 0 0 0 U 1,175 0 540 1, 17) 1.715 

IOQ3 1'1 e 12 .150 .~.700 0 1,000 0 1.000 3.840 16.8:'0 2,{l';O 19500 

1<)0'1 pre 2., 1-(1) 0 1,700 0 100 2.700 1,620 4.2110 1,90(')' 7. I 'I{J 

I'_"}:; 110~1 I~H7(l () 0 {l 100 () 1.300 l1.(i70 II Il,(i70 

1')IJ(, p()~1 Ii I ~ SO 50 0 0 300 "0 815 50n 1.115 

I'll}? pll,,1 lno 50 70 JOO 75 5:'0 50/) 1.465 >e.u ::'.lR" 

11\ (18 p,-,~I 3,015 I.·I?O 100 210 6'1 () 0 \ '10 5AI0 () 5.'111) 

Itjl)9 posl 20.t) I () 2SAOO 100 0 255 300 n ,17 .265 JOO '17 ,)6-; 

2000 1'('1$1 I 1.120 4.500 UIOO 200 770 4.500 100 18.7c)0 'L()oO :n.:t90 

"Walt'l Cnll'l species [(Ides (Ire : MA L I nmllnr<l. Nor1 = 1101'1 he.m pinl'a i1: AG WT = A ll1L'riC:lllc' rl' t·Il·\Vill~,:d 1(<11: GA I)\V ' gaJwall . NSIIO "" 1I01 lhcril 
shoveier. LESe = Ic.~~cr S<.:3UI': CMER == C0l11111011 ll1erganser; DI\ BRS ' (III dabh\ing, duck species: [)IVL') = all diving ullck species (nol illclllJillg mer,g(lllSers): 
1'0 rA L = all waler(o\\,1 ~pe(ie,. 

' 11\c1I,de~ uala I. II ~ 1\lIlC dIving dud, speli('~ 1\111 I'l'esellled ill 1111 <-; I<lble , 

J'IHrA 1. "'" ID /\nIlS I DIVI ·S). lhel l' I,'i i.' TOTAl, il1dudcs ,)a!d lilr SOllie wiltelfowl sprcies not presenled inlhi s lah le. 
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T Clblt: 12 f)iuJ"lwl bei1(]vior I Mean % (S [) I and {oliJl hOllrs observed oUell1alc and male American green-winged teal (ACjWl\ 

111(111,1I'(Is (},IAU ). <llid northern pintai Is (NOr) in moist-soi 1 vegetated habitats in lower Pool 25, Mississi ppi Ri ,·er. during spring 

19<.)9 ,Hid spring 2000. Si gil) fic(liltly higher proporliPIl (I' < 0.05) [or bel \.\Iew sex COlll[lal'ISOIlS within species is noted ill O( lldface 

type. 

.'\(;W1 lviAJ L NOPI 

r In r III r III 

Ik havior 

reed 59 (7) :. 7 (0) 27 ((1) 33 (4) 52 (7) 4() (") 
.l.o.. 
1..0 

I l)ar 22 ( 7) 29 «()) 47 (6) 43 (4) 2Y (6) 31 (4 ) 

COIl1 1'01'1 ) (1) 10(:2) 8 (2) \) ( I ) 5 ( I ) II 01 

I,OCOIllOli\J1l II (3) I H (2) 14 0) II ( I) q (2) IJ (2) 

i\gg rcss i 1111 J * ( 1 *) 2 () oj,) I t (t ':') I'" (I *) 1* (I *) I'" ( 1 *) 

C'our! sl1 ip 1 .~ ( 1-;' ) ~ (1) I (1*) J * ( I ~ ) I ( I 'r) '1 ( I " ) 

I l(lurs OhSEI ved 11.5 16.7 18.4 36.8 12.g 24.4 

',- DeiHl Irs va lues .-:: I (). 



Table 13, brimated seed biomass (lg/ha) of selected moist-soil pJnnt.':!. metabolizable energ~' 

(ME kcallg) of mallards and pintails (Hoffman and Bookhout 198.5), total metaholizable energy 

(ToME kcal'ha) available to mallards and pintails. ond calculated waterfowl-use days (\Vl.:D) 

produced via EPM in Pool 25. Mississippi River. Jl\rmg summer 1999. 

Species SccJ biomass ME ToME" 

/'0/\ 'gO/1um lapalhi(nlillm 1.084 

Mallard' I.OR 1,170,720 

Pintail d 1.25 1,355,000 

EchiJ1()chloa' 107 

Mallard 2.86 306,020 

Pintail :.82 301.740 

Leersia on 'zoides I! 

Mallard 3.00 33,000 

Pintail 2.82 .3 1.020 

ToME = (Seed BlOm u.>s x ME) 

~ \~ un = (ToM E)lDaily energ. ' e~pendjrure (DE E) of waterfowl (Rtineke el al 1999) 

DEE;= 290 kc.al1day (Prince- ICJ7() Hoffman and Bookhoul 1985) 

d DEE:= 24 3 kca l/duy (Prince 19 7 9. Hoffman and BookhoUl 1985) 

Clncludes Echinoc:hloa crllsgaJ/J and E mUndi/(1 

50 

4,0:'7 

5.576 

1.055 

1.]4~ 

114 

1.:28 



Figure I. Map of lower Pool 25. Mississippi River. Study sjles for invertebrate samp£ing were. 

located al Jim Crow Island. Turner Island: and 2 sites (Batchtown West and Batchtown bast) 

located within the Batchtovm State Fish and Waterfowl Management Area. 
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Figure::'. Water levels reL'orued at Lock and Dam 25 between 15 September - 15 October ! ')98 
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Figme 3. Invertebrate density (x ± I SE) in vegelated and devegelaled plots [Wnl nel<tonic 

samples collected at Jim Crovv and Turner during 1998 and Jim Crow, Turner. Barchi()\vJi yVes! 

(BTWest), and Batchtown East (BTEast). during. 1999. During L 998. vegetation was present in 

devegelated plots but \ cgetation growth was controlled during 1999. 
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figure 4. In''~rtebrate density (X =- 1 SE) in vegetated and Jevegetated riots fi·oll) benthic 

samples collecte.d at Jim Cro\\ and Turner dw-ing I C)98 and Jim Crow. rUfI1Cf. Batchtown West 

(BTWest), and Batchtown Ea~l (BTEast), during 1999. Durin;; 1998, vegetation was present in 

de vegetated plo~s but vegetation gj-owlh was controlled during 199() 
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figure 5. Weekly number of ducks surveyed in low":f Pool 25. Mi:;sissippi River between :7 

February - :2 April 1999 and 25 Fe-bruary - 3) March :WOO 
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Figure 6. Weekly number of Canada geese slli''vcyed in lower Pool 25. Mississippi River 

between 27 february - 2 April 1999 and 25 February - 31 l\1:trch 2000. 
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Figure 7. Diurnal time-acti,·jry budgets of spring migrating American green-winged teal 

(AGWT), mallards (WlALL), and northern pintails (NOPl). using vegetated habitats in lower 

Pool 15. MississippI River. late February - early April 1999 and 2000. 
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Figure 8. Daily water levels n:corded at Lock and Dam 25. Mississippi Ri\C;r during (A) 1 May -

1 September 1995. (8) 1996. and (C) 1997. 
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figure 9. Daily water levels recorded at Lock and Dam 25. Mississippi River, during (A) l \ Lt) -

1 September 1998 and (B) 1999. 
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Appenuix A. Densily or invertebrale laxa (.I illdivitluflls/IIl·). IllIl11bel Ilr IJ)ncrninver(ebratc IlIXll. Shannon index or Jiversity (/-10')" (lild proportion ,II" 1I1<l.--:illlll1l1 

diVf.'lsily (.J )'" 01" il1l'erlehriltes col/eclnl in Ilek(nnic and benthic sCllnples rrom vegetated (V) <lnd dev€'gctated (D) plots at Jim Crow Islanu. TUnlel [slum.l. (l1\(1 

Balchl"wlI, Pool 25, Mississippi River during Octuber 1998 and 1499. In 1 C)f)8, dcvcgcl.1teu plots Iwu vegetation present. hUI were c(H'lm!icu I(>r vegelalion 

!!rowth durin.!.' 1999; lIil ~nl\lrles were C<1lleclcd <It r. r EJst <lnd B 1 West durin!! 1998. TrophiL: 5[(\(IIS or invertebrate lilX<I is repre.~enled in pal eilihese." :tI"ler IflX(\l1 

lis(il\ g,~ Sf = $LT(lper. Fi '""' fih ere.r. Sh = ~ hredt.lt'I, Pr - I'rcdnlor. Co = colicclOI". Sv '. SC<lvengcr. 1'<1 -;- parasile. [30- borer. 

.1 illl Crow 1 umn fiT West RT 1·,,<;1 

Nek(nllic Bel\lhic Neklunic Henlhic Neklon(c. Benthic Nckltll\ic Benthic 

- ---

Jaxoll Vcar V )) V n V f) V f) V f) V f) V I) V I) 

0\ 
0 

G'I~lrl1J'( ,d,1 

I .y 111 11 <Ie i dilC. (Sc) Il)l)i( 0 .. ' 0.' 0.0 I.] n.1 02 0(, 00 

) \)t)1) () 1 . o I'" 0.0 0.0 0.0 0.0 0.0 O.n D.n 0.0 n.o 0.0 o. ) ~ 0 I" 1.1 I I 

I'h~,idae (Sc) I 'Jt/I) '1.7 J'1 1.5.3 8.5 0.'( 2.0 R.5 (\ .~ 

IlJl)lj () ") () J 1.1 I.() o ~ (I I~ 06 1.7 0.0 00 0.6 OJI (1.1"1- () j II ) I:; () 

1'1: II:' \1 Ii id,'IE' (Sc) Il}l)i( o .~ () ~ OJ, 0.0 o )"' 0.1· 00 (l.D 

Il)(}l) 0.0 n.1l 0.0 0.0 0.0 0.0 V.V {UI 0.0 0.0 0,0 0,0 P.O 0, I 4.5 17 (l 

1 'Vicl")1 1(" 1:1 

1 )re iss('11 i id:ll' ( I· i I II}QS OJ] n.n 110 n.n 00 0.0 0.0 no 

Ili')<1 1\.0 n.n {1.0 (J.n 0.0 0,0 0.0 0.0 n.o (J.n 0.6 'i.1 (1.0 0.1* no n.1l 



I\ppcndi,x /\ Cnlllil1l1L'J. 

Jim Crow Turner In West I1T E;}st 

Nekton;c 13enlhic NeJ..llJllic 13enlhic Neklnnic 13enlh ic Ncklonic Benthic 

------ -.-.--

Taxol1 Year V D V 0 V D V 0 V I) V D V \) V IJ 

I'e Il'L ~ poda 

Silhael i idfle I Fi) I ()~JR n.o 0.0 0.0 0.0 

ICll)q 0.0 0.0 0.0 (J,() 0.0 n.O (I,n 0.1 ~ 

Un ion i dae (r i) IQ'.IX o () (J.O 00 00 0.0 U.O 0.0 0.0 
0'\ 

) 1)91) n.n 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 O,() (J,b 

NenlatL,dn (SItII'11 19!)R 0.1 * 0.1 ~ 0.0 n.6 0.0 0.1 * 1.7 2.8 

l'lfJCj 0.0 n.1l 00 n.n 0.0 0.0 0.0 0.0 0.1 t 0,0 1,1 0.0 U,II U,O (1,(\ 0,0 

/\111Il"iltia 

tlllg(>clt;\c'l(l (eLI) 19')8 \.7 7.4 152.7 973 1,8 2.4 267.5 496.6 

I<)QC) 0.8 ' 1.2 L\O. I 192 ,J 0.7 0.3 88.2 56,(j 0.9 () (, 55 11 90, I (I I (16 69.(i 1l).8 

I liI'IIdlllt';1i,SI') 1l)IJS 0.1' n, I" 0.0 0.0 

I t)!)!) n.1 ~ 0.1'" o.n O.ll OY 0.0 00 (1.0 



i\ ppelluix i\. COlli illlleU. 

Jim Crow Tumcr [3T West BT Easl 

Nekl onic Bellth ic Nekloll ic Benthic Neklollic l3ernh ic Neklnni<.; Benlh ic 

Llxol\ Year V D V D " D V D V [) V J) V U V 1) 

Cnlslilc<,,, 

CI<lunCC1<l (I i) 1l)98 I.R 0.["" 0.3 1.1 

19<)9 O. I' 0.0 0.0 O.lt 1 2 0.0 (1.1 0.0 

Ostracod;) (Sv) IlN8 O.G 0.1 ~ ) 0.0 0.3 0.2 D.O 1.7 
0. 
IJ 

191.)9 () 1 • 0.0 0.0 0.0 0.1 0.1* 0.0 0.0 (1 .... 0.0 (j.G 0.0 O.lt- 0.0 0.0 0.0 

COj1<>]ln<1i1 (Fi) lC)98 0.1' 0.11 0.0 0.0 

19q9 0.0 n.n D.!) CI.II 0.1 ,. 0.1\' 0.1 ;10 Il.l' 

AI glilidilc (PiI) 1908 (J.(l n,() 0,0 0,0 

1 t)()i) 11,0 II. () (),O 0,1'" 0.0 0,0 (j,n (j,n 

lsopndll 

Ascii itlae (~V) 1')91\ 110 ().O I, I 0.1l 0,1 01 Ou 0,0 

IWN 0. 1 t 0. 1 '" 0,0 0.0 (l,() n,() O,(J O.U (l,0 0.0 0,0 0.0 0.1 (). I" ()Jl 0,0 



Appendix A_ Conlinued 

Jim Crow Tlll1ler I:HWesl rn [asl 

Nrktonic 13clllhic Ncktolll'r rk'nlhic Nekl(lilic Benlhic Neklonil: [knlh it. 

l":lXOIl Y~ilr V () V n V D V lJ V 0 V 1I V () V IJ 

A III ph i pod" 

( ;:lllllll;)riilaf' (Sv,\ 199R (J_I'" 0(1 0_1 .. 0.0 

1999 D_O no I) I' 00 0,0 0,0 0_1 I< 0.0 

ra lilridfl t' (SV) 19()8 (10 0_0 0.0 0.1 * 
0\ 
'-,) 1<l()C) 0.0 0_0 (l,ll O.U 0.0 O,C! 0,0 n.o 

DecapIHIJ 

( ·,llllba,.iu;Je (Sv) \1}C)l\ O. t t 01* n, I Y o 1* 

19(1) 0.1 ., (J,O o 1 ¥ 0_0 0.1 ~ 0_0 0_0 no 

I'ilheilloll i(i;Il' (SV) IC)I)S 0.0 0,0 0,0 0,0 

IC)C}<) (1) o_n o 1* o_n O.D 00 0.0 lI,ll 



J\ ppelldi .~ J\. ConI il\\letl . 

Jilll Crow Tunlcr 131 West [)T r:~sl 

Neklonic Bcnthic Ncktollic Benthic Nektonic Benthic Ncktonic Benthic 

i:IXllll Year V I) V D V IJ V 0 V () V D V !) V D 

InSl'CIIl 

Fpll enH.'l'Ilplera 

Btlel ist iU!le (C'u) Iql)8 D,l " 0 .0 O.U 0.0 

19qq 00 0.0 00 00 O.n 0.0 0.0 0.0 
0-
J=>. 

()doll~I(l 

i\eshllidae (1'1') 199!l 0.1' 00 0,0 0,0 

1<>99 itO 0.0 0.0 0.0 0.:1 o.n 0.0 fLO 

Coenagl jOllidlle (PI') I t)l)X no U, I 0. 1i< 0.2 

1<)l)q 0.0 0.0 1) ,0 00 0.0 O() () ,O 0.\) 

(' (" du\cgastridae (f'r) I ()(ll{ 0.0 0.0 0.11 0, I ' 

19Y~ I) () O,(J 0.(1 0.0 00 0.0 0 .0 0.0 

('Ilillph iJae (PI') lq<>~ 0,0 0,0 0.0 0.0 

1(91) ItO 0.0 0,0 0.0 uP 0.0 fLO 00 



Appt'llllix A. Lnlllilllll',l 

Jim Crow TUnlcl BT W est [3T East 

Ncklonic 13cllth ic Nektonic IJcllIh ic Neklollic [3clllh ic Ncklonic Benthic 

'1 a XOil Year V I) V D V D V D V D V [) V [) V I) 

Otlollf\l:l 

Lest i Jile (l 'I') 19c)R O. I '" 01 0.0 0.0 

II)')') 0.0 o,n n,(l 0.0 0.1 ~ 0,0 0.11 0.0 

1 ,ibelllllid:le (1'1') 1l)C),~ 0,1 01 n.n 0.0 
0\ 
v. 

I l)9'-J 0.1 ~ o I' 0.0 0.0 0.0 0.1 t o 1 t 0.0 

Coleoptera 

I )yti) rid<H~ (I't') I'-)l»)i (1,0 i I ,n (j,n O,n 

1l)IlQ n, I fl.O (),n (I,() (j,O 1),1) n,n (1,0 

(iYI il1id.lc (1'1) ll)')X o I i' no 0.1 • 0,1"' 

191F) 00 00 0,1 ' n,O (1,0 00 0,0 00 
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In tro d u ctiOD 

Wa[er levels in Pool 25, l\1ississippi River, are clL.-rentiy managed at a midpool control 

point located near Mosier Landing at river mile 260.3 by the C.S. Army Corps of Engineers 

(USACE), St. Louis District. To maintain a 2.7-m navigation channel, water levels are managed 

between 434 - 437ft at \1osier Landing and from 429.7 - 434 ft at Lock and Darn 25 over a 

specific range of discharges. During a moderate flood pulse, the pool becomes "tilted" when 

gates are lifted to 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 

val ues manageable through operation of Lock and Dam 2 5 (often occurring during spring high 

water events) all gates at the dam are raised out of the water and the river is said to be at "open 

river'" Spring flood waters may recede to an elevation of 429.7 at Lock and Darn 25. This 

elevation, also referred to as "maximum drav,;dov"ll." is the ma:illnum drop in water level that wili 

still allow navigation in a 2. 7-m channel (WI osinski and Hill 1995). if the discharge continues to 

fall. the pool is regained based on discharge rates. Typically, the Corps starts to regain pool 

when the discharge causes the water level at Mosier Landing to fall below 437.0 feet. Herein, 

"drawdo\'"TI" is synonymous with the maximum drawdown which generally follows spring 

floods. 

Resource agencies recognize the need 10 work in conjunction with the USACE to improve 

hydrologic conditions for biota \vithin the constraints of a multi-use system t Woltemade 1997J. 

Given the real estate requirement that the St. Louis Districl operates under, the L&D has no 

control over the timing of the dsawdown during open river conditions. However. there is some 

flexibility in how water levels are managed during the return of the river to the tar'get pool 

elevation. Since 1994. the time period conducive to wal;;r-\eveJ :nanagemem has ranged from 

approximately 38 to 57 days during :he summer months. 

The operational 2.02) of Em'ironmenral Pool Mana!:!.ernem (EPl\1') is to m3.intain retati velv 
....... - . . '" 

Jow. stable water levels fol1ov;~ng drawdown in the spring in order to better simulate the narural 



hydrogTaph (rigure I). \Vhen Unplementing EPM, water le'vels are heid 0.5 Il-' :' ,0 feet below the 

targel pool elevation mlhe lock and dilITl for miensl 30 da~l s (Atwood el a1. 1996). Cnder some 

circumstances (e .g., rugh discharges), water levels may descend to elevations greater than 2.0 feel 

below the target pool elevation due to management of the pool with J. midpool control point. 

Environmental Pool Management prolongs the dry phase during the growing season for 

nonpersistent wetland vegetation. The EP~1-induced vcgetatior. is primarily found in backwaters 

iocatc-d in the lower reach of the pool. The St. Louis Dismct implemented EPM in 1994 on 

Pools 24 , 25, and 26. Investigations of mudflats exposed via EPM showed lush production of 

nonpersistent wetland vegetation consisting mainly of millet, chufa. and smart\\>'eeds (Atwood et 

al. 1996). 

Many ecological benefits are expected from EPM. On a large scale. the manageme.nT 

regime could provide system-wide benefits by consolidating substrates and re-establishing 

wetland biogeochemical processes. The Mississippi River is a major migraLOry roUle for 

waterfowl, and moist-soil plantS provide food sources directly through seed and tuber production 

and indirectly by increasing invertebrate abundance (Fredrickson and Taylor 1982). Benefits to 

fish are expected, as at least 84 fish species in the ''-pper Mississippi River (l1MR) reportedly 

utilize aquatic plants for reproduction, nursery habitat, cover, as feeding grounds, or some 

combination of these uses (Janecek 1988) . 

\'cry few studies have been conducted to e\'aluale the su~cesses and/or shortcomings of 

EP~1. The response of plants has received mos1 of the attention from researchers (Atwood el al. 

1996: 1.H. Wlosinskl . t .S. Geological Surve:,- J. bUI data also exist for fish. \\·'losinsk.i and 

A [Wood (1999) analyzed seine data taken in multiple habitat types f;'om 1986 to 1996 in Pools 

14, ~5. and Melvin Price Pool. and concluded that maintaining lower water kveb during the 

summer did nol negatively impact small. nearshore fishes. During fa~1 1997; fish were seined in 

vegetated and adjacent nonvegetated areas in Pools 24. 25, and 26 to eXa!l:'lme fIsh use of EPM­

induced vegetation:, this study l..DcicJ.ted the veg.;tation was providing habitat for small furag:e ~i si:. 

Darticularly ihe emeraid shiner . . lIlolropis arherinoides (Heidinger el al. i 998). 



:n conJunction WiTh the SlUe Coope;-ative \Vilc.life Research Laboratory, our main 

objecti\le was 10 provide relevant data on ecosystem responses to EPM that could be used lO 

evaluate the management plan and ;)fovlde a basis for recoITlIi.1endations. The specific objectives 

were I) to evaluate fish use of EPM-induced vegetation versus adjacent, non-\"(!getated areas of 

similar depth and velocity, J) to monilor the effects of vegetation on water q uali ry and 

zoopJankion, and 3) to detennine i f r~sidual vegetation could be providing fIsh habitat in spring. 

Materials and Methods 

Fish, \Vater QualitYl and Zoopla.nkton Response to Flooded Vegetation in Fall: 

Studv Sites - Reconnaissance indicated most, ifno! all. vegetation produced via EPM was located 

in the lower impounded rench; therefore. all sampling was conducted in tJle lower 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 s:tes (Batchtov.:n "\/vest and 

Batchtown East) were sampled in the extensive, shallo\v bach.-water complex located in the 

Batchtown State Fish and Waterfowl Management Area, Calhoun County, Tllinois. Historicall~. 

most of the EPM-induced vegetation in Pool 25 has heen fnund in lhe Ratchlmvll ;1Te{l. 

Batchtown Wesi was located in the northern end of a shallov.:. expansive bay characterized by 

soft substrates, and was more vulnerable than the other sites to wind-induced wave action. 

Batchtown East was situated near ·l1e limestone bluffs of the Illinois river bank. In addition to 

Batchtown, relatively small acreages of vegetation were prociuced on islands near the main 

channel. Study sites were established on the downst:-cam tip of Turner Island and within a semi­

tsolated slough on Jim Crow Island. Two 400 m2 plots (one vegetated and one to be 

:::xperimemalJy devegetated) were delineated at all four sites. The de\"egetated plot was intended 

[0 simulale conditions in shallow linoral habi tats wi thom the presenc~ of vegetation and 



provided an area of similar depth and waler velocity to the \Iegetated area from which samples 

could be taken. 

Fish SamplinQ in b.perimental Plots ~ Due to a delayed project stan dale and onset of the 

~'aterfowl hunting season, experimental devegetation was nOI possible tn 1998. Fish samples. 

however, were taken within the established plots (plots that wQuld be either vegetated or 

devegetated in the follow"ing year) and sites to evaluate the stud)' design and determine if our 

collecting techniques were effective in lh~ emergent vegetation. During October 3~4 and OctOber 

14, 1998, fish were sampled within the vegetation at each site v,'i.th a 3,66-m seine having a mesh 

size of 6.4 mm. A total of 8-\ 0 seine hauls were made in each plot (Table 2) . We constructed 

twelve popnets (a modified design from Dewey et al. (1989») h<:..\'ing a I_m2 
buoyant frame of 

pol~vjnyl chloride pipe (3.18 em diameter), an open bottom anchored on two sides with steel 

conduit pipe. and a mesh size of 4. 7 mro. Popnets were placed collapsed on the substtate for 3-4 
, 

hr and then remotely triggered to collect fish in a l-m- colwnn of water extending from tbe 

bottom to the water's surface. Three samples were collected l,"j ve~etated and "devegetated" 

plots at Jim Crow and Turner Island on 3-4 OctOber 1998 (Tab'~ 2), 

On 7 July 1999 all plots to be devegetated were cleared of woody debris and residua! 

vegetation remaining from the previous year, One plot at each site was treated with Rodeo® 

berbicide on 13 July, 24 July, and 13 AugUST 1 q99 with a backpack sprayer. Devegetated plots 

were completely devoid of vegetation prior 10 reflood. Our goal was to achieve devegetated plot 

sizes of 400 m2
. but we sprayed an additional 5 meters around the perimeter to Illinimize an edge 

bias during fall sampling. Plots at Turner Island. BatcblOvm East and Batchtown \.Vest were 

devcgetated OUI to the adjacent open water areJ.. so that water qualiry parameters (e.g .. turbidity> 

would bener reflect the absence of veg.etation. 

In Fall 1999. following reflood. fish were sampled ai each site and plOl on five sampling 

trips from 28 August to 14 Ocwber. Sampling was conducted at each site on multiple dates to 

m.inimize bias in captures due 10 time-or-day and chance evem~ (e.g., a windy day) and to 

encompass variation in fish distribution and abundance that rna:; occur over time In the fall. Fish 
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were sampled vtith a 3.66-m seine and l-r.;: popnets cor;s,ructed v.:itb netting of a small er mesh 

(l.6-mm) than used in the previuus year. \\'c used a smaller mesh siz.e because very small iis!~ 

present in :he vegetated habic8.ts in 19q8 were observed to es:ape through the larger mesh. Two 

seine hauls. each 10 m long. were made in de vegetated ploLS (total area sampled = 72.2. m~). and 

five kicksets were made in vegetated plots (tOlal area sampled = 72.1 m\ The use of a series of 

stationary k.icksets was the best method for sampling with a seine in the dense emcrge:u 

vegetation. l(jcksets were accomplished hy holding tbe deployed seine stationary while one 

person "bcked" vigorously into the seine starting 4 m away. 

Two seine hauJs, each 10 IT. long, were also made at the natural deeper edge of the 

vegetatlon at Batchto\,\'ll East and Batchtown West during five sampling trips. TI1e se~e was 

pulled parallel with the vegetated edge with one brail approximately ODe meter within the 

vegetation. Seine samples were laken In the deep porrion 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 Jength (TL) measured on at least 50 individuals of each species per sample. With the 

exception of the western mosquitofish . Gambusia ajfil1is, individuals were classified as adults or 

young-of-the-year (YO'l] based on lotallengths reponed in Becker (1983) and Pflieger (1997). 

Voucher specimens v.i1l be catalogued in the SlUe Fluid Vertebrate Collection. 

Water Oualitv SampllnQ. in Experimental Plots - Point-.in-time measurements of major water 

quality variables (dissolved oxygen (DO). temperature, pH, conductivity, and rurbidity) and 

water depth were made in each plot on each sampling trip in J 999 berween 0830 and {600 hr. 

'\AiateJ quality . including depth, was measured al two stations to characterize the range of 

conditions in each plot. Dissohtd o\.-ygen level (accuracy -= .:: o.~ mg-Il.) and temperature 

(accuracy:::: ::: 0.: °C) \-"ere measured v.'lth a \'ell(lw Springs Instrument YSI Model 95 digital 

meter. Dissolved oxygen and temperature were measured at approximately 5 em below the 

water's surface and 5 em above the substrate if water depth exceeded 30 ern. A Hanna 

lnsl-:-JmenlS pHep(R,'2 pocket-sized melc:r was u5ed to measure pH (± 0.1 pH). Disso)ved ion 



concentration was measured with a \·Sl Model 33 conducti\ ity meter . Conductiviry and pH 

were measured a1 approximately 5 em below the water· 5 surface. A IO-ml water sample was 

Ial-,en in each plot, and turbidity determined in lhe laboratory WIlh a Chemtrix Type-12 

rurbidimeter A wooden meter stick was used to measure waler depth. 

Zooplankton SamplinQ in Experimental Plots - Vertically integrated zoop[ank.-ton samples were 

taken in triplicate from each plot using a modified littoral sampling tube (Pennak 1962). Samples 

were filtered tluough a Wisconsin-sty~e plankton net that had a collection bucket lined with SO 

11m Nitex® mesh. Samples were rinsed in the field with 90% ethanol and preserved in 5% 

buffered formaJin. LaboratOry an2.lysls of these samples has not been completed. 

Boat ElectTofishing in Lower Pool 25 - Boat Electrofishing (one pilot, one dip netter) was 

conducted in lower Pool 25 on 13-14 OctOber 1998. Electrical Current was supplied by a 3-

phase 5 K W 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. Elcctrofishing was conducted 

at an additional site within Batchtovm 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 (1 998). ElectTofishing effort Wa5 .30 

min for all saes except for Stag Island, where effort was 15 min each for the river and backwater 

side of the revetment. On 21 October, 10 99. boat electroflsmng, as previously described, was 

conducted for a total of I hr along the edge of [he vegetation within the large bay in Batchtown 

near Batchtown West. Boat electrofishing was not possible directly v.,rithin experimental plots 

because the water was lOa shallow. 

Data Analvsis - A randomized block experimental design was used to tesl tilt null hypotheses 

thai meao lotal number of fiSh, number of species, Shannon diversity index, and water quality 

were equaJ among treatments (vegetated plot and devegeTated plot). T reatmems were 

interspersed at four sites (?\ '= -i). Two~way analysis of variance (;'\..."\IOV.4,.") tests. with Plot as 

the treJ.tmem variable and Sire as the block variable. were used to test the nuU hypotheses thaT 
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tolal number of fish and water quality were equal beiWeen vegetated and devegetated plotS. Data 

collected over multiple cays were averaged prior 10 ana.lysis. Values of tmal number or fIsh and 

water qualiry were log]o - transfonne.d to satisfy asswnplions of param~uic tests. Mean number 

of species. Shannon diversity index (H/L and mean abundance of common species were:: compared 

bet\veen plots using the Mann- Whiuley U - Test. Shannon diversity index was calculated using 

the following formula: 

HI = -r..p; In Pr 

where Pi is the proportional abundance of the ith species (J/;/N). The \\"idely used Shannon 

diversity index is a richness dominated index moderately sensitive to sample size and usually falls 

berween 1.5 and 3.5 (Magurran 1988). Fish community similarity was examined benveen 

sampling gears and experimental plots with Speannan' s rank correlation coefficient (r) which 

uses relative abundance values to compare species ranks between two sets of samples. This 

correlation coefficient is higWy sensitive to sample size (number of species) and may perfonn 

better in low-diversity communities (Krebs 1989). To avoid inflating the chance of finding a 

significant correlation due to a preponderance of rare species, species represented by < 10 

individuals total were considered "rare" and excluded from most analyses. In aU statistical tests, 

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 pro\'iding spavvning and nursery habitat (Atwooc et al. 1996): however, no data exist to 

substantiate this drum. Residual vegetation was present in establi shed plots at Batchtown East, 

Batchto'WTl WesL Turner. and Jim Crovv' io spring of 10 99. Fish. zooplankton. and water quality 

sanJpJes were taken in the plots from 8 June to ~O June. Batchw'vVl1 East and Batchtown \Vest 

were each sampled on two trips. and Turner and Jim Crow were sampled on three occasions. 

rive seine hauls, were made in each plm ... vith a ~.66-m seine (1.6 rnm mesh) to collect YOY and 

linoral fish. Fish \vere fixed in 10% formalin and identified in 1he laho:-atory. \Valer qualiry :md 
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zooplanl'1on ~amples were taken as pre\'lous\y described. Fish collection::; are als0 reponed from 

three sites i.., lower Pool 25 thal did not have res..idual vegetatior ?resem 

Miscellaneous Fish Collections 

F ish collections were made at various sites in lower Pool 25, including the slough on Jim 

Crow Island, in the summer of 1999. Fish were sampled with a 3.66-m seine having a mesh size 

of 1.66 nun. Fish were fix.ed in 10% formalin and identified in the laboratory. Collections will be 

catalogued in the SlUe Fluid Vertebrale Collection... 

Results 

Fish! ~)ater Quality, and Zooplankton Responses to Flooded V cgetatioIl in Fall 1999: 

The summer hydrologic regime of 1999 exposed mudflatS in lower Pool 25 for an 

e,xtended period of time and was very successfuJ in producing annual vegetation. panicuiarly 

smarrweed (Polygonum pensylvanicum and P. lapafh!(olium), flatsedge (('pents), and millet 

(Echinochloa) (Table 3). These nonpersistent plant species are typical of poorly drained. 

seasonally flooded basins (Eggers et al. 1997). The s~eds are utilized by migrating waterfowl 

(F redrickson and Taylor 1982) and song birds (Eggers et al. 1997). and reportedly provide late­

season cover for fish and inverrebrates (Janecek 1988). Fol1ow1ng reflood. smanweed was the 

primary plam type persisting in the plots. Maximum drawdo'A'Il was reached on approximately 

~9 June. and water levels generally remained below 430 ft lUlul reflooding began 1: August 

(Figure 3). 

Fish Sampling in Experimental Plots - Popnets and seining capTUred eighteen fIsh species 

encompassing stven families (Table 4"). The family C~lprin.idae (minnows) was represeored b~i 

ten species, including two eXOTICs. the common carp and grass carp. Collections were dominated 

numerically by lh~ channel shiner, western mosquilofish. and spotfin shiner which c~lliecti \'c!y 
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com~Jrised 8::: 1% of all fLSh collected. The majority of species present in collections, wiili tbe 

exception of two species, were represented by young-of-lht-year (YOY) (Table 4). A 

preponderance of individuals:s 1.5 em T~ indicated several species had spa\VTled late in the ye::tr 

date August - early October): channel shiner, spotfin shiner. river shiner, common carp. 

orangespotted sunfish, and western mosquitofish. 

Seining generally captured more fish and more fish species in both vegetated and 

devegetated plots, and six species were captured 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 between seine and popnet samples (N = 7; Spearman's rs = 0.82; P = 

0.023), In devegetated plots, concordance of ranks \vas not found in the seven most abundant 

species (N = 7: Spearman's rs = 0.68: P =- 0.094). but a perfect correlation of ranks was found 

(Spearman's rs = 1.0) when the ~me:rald shiner (Notropis Qlherinoides) and orangespotted sunfish 

(Lepomis humi/is) were left out of the analysis. Popnets were probably not as efficient at 

sampling the emerald shiner in de vegetated plots because of a combination of their pelagic natUre, 

schooling behavior. and larger size relative to other YOY cyprinids in the habitats. Popnets may 

have attracted YOY orangespotted sunfish by providing structure to a homogeneous habitat 

utherwise devoid of structure. 

In general. both sampling gears provided a simi lar description of the fish communiUl!5 in 

the experimental plots; therefore. data from seine and papDet samples \\ ere combined when 

comparing total number of fish. total number of species, and Shannon diversity index (HI) 

between vegetated and devegetated plots. Based on the collection of II ,061 fish. \ve did nOt 

detect differences in numbers of fish in veg.etated and devegetaled plots (lWo~way Al"JQYA; Fu 

= 2.63; p:= 0.203) (Fisrure 4). :-xumber of species and H' were nul sigrufinntly different bervveen 

vegetated and de\~·getaled plots 0: = 4; Mann-Whitney C-Tes[: P =::: 0.8852 and P = 0.665, 

respectiveJ~) (Table 6\. 

Relative abundance of fish species was caJculated from data combine~ JCross gears and 

sites ;..., ord~-r to examine fish conununity structUre between vegetated and devegetated plots. ~(1 



significant correlation was found irl u)e relative abundance of the eight most common fisil species. 

which e.ncompassed greater than 990
/ 0 of fish capntred, bt'''''''een vegetaTeo pmd devegetaleci pl01S 

:N = 8: Spearman' s ~', = 0.50; P = 0.207) (Figure 5). A major difference was the emerald shiner 

was the ma$1 abundant fish in deve~etated plots, but it was the sixth moS1 abundant ftsh in 

vegetated plots. Concordance of ranks between treatment plots WJ~ also e\"aluated at each 

individual site. At Batchtown West, Batchto'vvn East, and Turner Island. relative abundance of 

species was not correlated bet\.",een vegetated and devegetated plots; however, concordance of 

ranks between plots was found at Jim Crow when all species captured were considered (Table 7.1 

Based on apparent differences in [Ish community structure between treatment plots al 

three of the sites, abundanc.es for the eight most common species were examined separately for 

differences between vegetated and devegetated plots "vithout including collections from Jim 

Crow. Mean abundance of mosquitofish, common carp, and spotfio shiner ",'as significantly 

higher in vegetated plots, and mean abundance of emerald shiner and orangesponed sunllsh was 

significantly higher in devegetated plots (Table 8). 

Waler OuaIitv ill Experimental Plots - 11K' most distinct uends in water quality were evident in 

temperature and dissolved oxygen (DO), with temperature decreasing and DO increasing over 

time (Figures 6 and 7). Mean depth, temperarure, DO. pH, conductivity, and turbidity were nOI 

signifIcantly different in vegetated and devegetated plots during the Fall 1999 samplin~ period 

(Table 9). 

It is of biological importance that DO values less than or equal to 3.0 mgiL were recorded 

'in vegetated plots al Batchtown East, Batchtown West. and Turner Island, but DO \Vas never 

limiting in any devegetated plots ("Ir at Jim Crow (Table 10. Figure 9). ArT umer island and 

Batchtovm \Vest. DO in the vegetated plot was hospitable by 10 and :25 September. 

respectively: DO remained very 10\\ in the vegetated plot at Batchtown East throughout the 

sampling period (Figure 9). Time-of-day probably introduced some variation into DO 

measun:m~nts. but mOSl measurement:' were made ~letween the hours of 1100 and 160u. The 
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loweSt DO recorded al Balchwv,'n E~iSi and Batchwvm West was on ::. swmy da~· a( 1145 and 

~ 600 hr .. Tt:spectl"cly. 

Sdge Habitar at Batchtown Sast and Batchtown W~sr - The edge habitat sampled a1 Batchtown 

East and Batchtown West was approximately 20-30 em deeper than the respective experimental 

plot. Of the major water quality parameters measured, onJy DO in the vegetated plOl and 

vegetated edge were different. Unlike the respective vegetated plots, DO was never limiting at 

the vegetated edge at Batchtown East (mean = 6.56 mg/L ; range = 4.68 - 7.88 mgfL) or 

Batchtown West (mean: 8.83 mgIL: range = 7.08 - 11.44 mg/L). Number offish species and H' 

tended to be higher at the vegetated edge compared with the respective vegetated and de vegetated 

plot at Batchtown East and Batchtov..n Wesl (Table 11 J. Relative abundance of species captured 

in the vegetated edge was not significantly correlated wirh that of the vegetated plot at 

Batchtov.n East (N : 10: Spearman's rs = 0.01; P ~ 0.984) or Batchtown West (N : 10; 

Spearman's rs = 0.41: 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 taken within the Batchtown State 

Wildlife Management ,-\rea (Table 12). Our boat electrofish.ing data are qualitative since only one 

sample is taken at a site wilhm a given year. However, a higher nwnber of species was collected 

in Batchtown in ) 998 than in 1999, and sunfish catcb-per-unit-effort was higher in 1998 (0.1 fish 

lmin) than in 1999 (0.02 fishJmin). The htghest nwnber of species (4) and catch-per-unit effort of 

sunl'lshes (1.73 flsh/min) was recorded during 1998 in the backwater created by the Stag Island 

Habitat Rehabilitation and Enhancement Project, Pool : 5, Mississippi River (Table 13). 

Fish lise of Residual Vegetation in Spring 1999 

T\v;:nty-eiglll fish taxa from 10 familjes were collected at four sites in the residual 

vegetation. comprised exc;lusiveJy of smanweed stalks (Table J 4). The family Cyp,J.D.idae was 

well represemed With J 7 species collected. TWO of which were exotic species (common Clli--p and 



Dignead carp). The majonty 01 taxa collected in the residual vegetation (3) was represented by 

laTe larvae and/or early juveniles (YO\j (T~bJ~ 14). The number Ofl8:X., is 2 cOl)serv:1t.ive 

estimate since carpsuckers. bl!:laloftshcs, and redhorses could nm be identified beyond the genus 

level with any certainlY. Young of the mooneye: sil ver chub, emeraJd shiner. and slenderhead 

darter are not typically associated with vegetation in backwaters, but these fish were relatively 

abundant in Oill samples of the residua] vegetation (Table 14). Ten ta.\:a were collected only al 

sites containing residuaJ vegetation. but strong relationships cannot be detennined because siles 

differed in factoL, other than presence of vegetation. Three of the YOY species collected in the 

vegetation are considered ·'rare and uncommon" by the state of Missouri as of 1999: the 

mooneye, sil· .... er chub, and blue sucker. Water quality data during cotJections are summarized in 

Table t5. 

Miscellaneous frisb Collections in Summer] 999 

A series of collections made in the slough on Jim Crow Island, 1olloVlrlng drawdown in 

1999: documented changes in the fish community prior to reflood in August (Figure 10). After 

drawdown in late June, the slough was isolated from the river for approximately 35 days: during 

this lime period, water surface area and max.imum 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 lhe stranding of 10 fish species (Table 16) and observed dead and dying fish. A rise 

in water level on day 35 (July 31) reconnected the slough for approximately 5 days (Figure 10) 

By 13 August., the slough was once again very shallow and only 5 fish species were collected. :) 

of which were recently spawned Asian carps that were not prescnt in the previous sample (Tabl;: 

16). The overall trend at Jim Crow was a decline in species richness following isolation from the 

Dver. 

Fish collections from three additional sires in lower Pool ::5 are reponed in Table 17. Of 

si;;l1ilicance ""'as the capture of:; adult western sand daners (AmmocnplQ ... :lara) on 7 july 1999 
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\.\ithin the side ch:uilleL directly east of the experimental plots on Turner Island (Ri ver Mile 

~44.4: SJliC 35591 ), The western sand darter is on the Watch List in Missouri and Endangered 

in Ii: 100is. The fish were located just downstream of exposed sand ne<:lr the confluence of the side 

.:ha.:mel \\.;th the main channel; depth ranged from 10 to 36 em. temperature was 29°C, substrate 

was sand overlain with a thln layer of sjlt. and surface Water velocity was 5-10 cm/s. 

Discussion 

Due to elevated discharges upstream throughout the summer months in 1999, water levels 

in lower Pool 25 remained 3-4 Ii below the target pool elevation of 434 ft (ratber than the 0.5 to 

~.O ft below 434 ft prescribed under EPM) for a substantial time period (Figure 3). The elevated 

discharges resuJted 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. '-"'hen Environmental 

Pool Management is implemented, water levels are held be[\veen 0.5 and 2 ft below tbe target 

pool elevation (Arwood et ai. 1996) and water levels are raised graduaUy at the end of the 

drav"JQ\.\,Tl, back to a target pool elevation of 434 ft. The discharge regime in the summer of 1999 

did not allo\-v the flexibili ty to ful ly implement Environmental Pool Management (water levc:ls 

were below the ~ ft target). Omy the gradual \.vater rise back to an elevation of 434 was 

implemented in J 999. However; valuable information: havmg implications for EPM. was gained 

by srudying the fish and water quality responses 10 vegelarioJll produced in 1999. 

Based prim~-ily on one year of data, fish generally appeared to benefit from tbe 

production of emergent vegetation. The fish response cannot be ~enerahzed adequately hy one 

single community meL,e (e.g. , an increase or decrease in total abundance, diversir:.. ct:: ,). but 

requires consideration of th~ inillvLduat spel>ies comprising the community and their respecti ': '~ 



biologies and tolerances. Two abiotic characteriSli C~ 0f £PM exist that will primaril:- inf] uenee 

tbe overall fish response: vegetation produCiion and the hydrology associated Wilh veC!ctation 

produclion. Our results thus far will be discussed within the context uf these ~wo anributes. 

Vegetation Production 

Variabilitv in fish response ~ sites - We sampled the fish conunw)iry in de vegetated plots 

and adjacent \'egetated plots at four sites 10 quantify the effects of the vege.tation with a fidd­

based. rnanipulati ve experiment. Based on knowledge of how fish interact with plants (Janecek 

1988; Dibble et aI. 1996) and previous research in lTJv[R Pools "24, 2S. and ~6 (Heidinger et al. 

1998). we predicted that overall fish abundance and diversity would be higher in the veget.ated 

plots. Although the relative abundances for common fish species in vegetated plots (rank order 

abundance of species) was Dot significantly correlated with species ranks in devegetated plots. no 

significant difference in total fish abundance and dlversiry was found between the experimental 

plots. (Figure 4). A possible explanation for lhe lack of statistically significant tloding-s in this 

respect was the re larivel y small nwn ber of replicates (4) combi.ned with vJIiabi lity in the fish 

responses between replicates (sites). Some of the variability in fish responses among sites can be 

attributed to differences in site location and dissolved O>..-;:gen concentTation. 

The largest difference in response by fish to vegetated and devegetated plots was 

observed at Turner Island (Table 6). Turner Island had a relatively small patch of vegetation that 

was ac-.:essible to ilshes of t10 '.\1. og water habitats. The vegetation provided nursery habitat for 

the recently spa\.vnc:d young. of the channel shiner, spotfin shiner, and river shiner which are 

associatd \-vith currents as adults and known to spawn late in the season (TraUtlUaJl I 9R L 

Becker 1983); these minnows are probably utilized as forage by predatory fishes. Also, the 

availabillty of smatl fish as forage items in fall and winter may help facilitate the overu imer 

survi\'aJ ora wider siz~: range of pi sci yo rolls fishes. The "e;:::tation community at Turner Island 

was nCIl dominated b; smanweed (Table .3.l, and was relativt:;y vulnerable 10 v..'ave aClion that 
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"openec.'· the vegetation: the;·efore. DO was not an issue at the -:-urner Island site .-:nc:r the in.i tial 

sampling date (Figure C)). 

Vegetated plots at 3atchtc1\vo East and Batchu,l\\ 11 Wesl were located io ~ shallow 

bad.'"Water macrohabitat. Smanweed 'was abundant and persistent througbout the plots at both 

sites. Dissolved oxygen 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 vegetation, The dense vegetation also probably prevented wave action and subsequem 

atmospheric mixing, and it may have inhibited photosynthesis by phytoplankton since DO was 

I imi ling during the middle of the day. Vegetated plots in Batchtown were inhabited primarily by 

western mosquitofish and common carp (Table 6), wluch are kno\\n to be relatively tolerant of 

low DO (Becker 1983). Low DO was a chronic problem at Batchtov"n East throughout the 

sampling period, but became adequate for fish (> 5.0 mgO!/L) over time at Batchtown West 

(Bain 1999) (Figure 9). This improvement in DO, however, was DOl followed by a noticeable 

change in the fish community, suggesting additional factors were influencing fish use of the 

vegetation (e.g., vegetation composition or density) . Stem density of smart weed was higher at 

Batchto'Y.'Il East and additional plant types (not as resistant to inundation) were a significant 

component of the plant community at Batchtown West (Table 3): open spaces created by the 

decomposition of plants less tolerant of inundation may explain why DO improved over lime at 

Batchtov.'U West. 

Experimemal plots at Jim Crow Island were different from all other sites in that they 

were located within a small backwater slough near the main channe.l. During fall sampling, 

connection to the chaimel was maintained by a narrow bea\:er run. The shoreline gradi-ent \.Va:: 

steeper tnan other sites which resulted in a narrow band of vegetation around the perimeter. n1e 

fish communiry was well iepresented by species typical ofbotb backwaters (e.g .. western 

mosquirofish) and flowing water habitats (e.g .. channel shined. Additional teSTament to the 

uniqueness of Jim Crow :5 that three fish species were found only at that panicular site, 

including the grass carp, which w~ relatively abundant t.Table 6). Dissolved oxyge:1 was never 



found to be limiting in \'egetateo or dev,.::c:etated plots. The large-scale influence of the prec'cnce 

0: vegetation U1 Jim Crow sluugh probably inhibiled our abiEr)· 10 ciclect differences berwcen 

plms. 

The data incticate effects of emergent vegetation will vary with location (macrohabjrat) 

and patch size (vegetated area). The importance of relatively small acreages of vegetation present 

on islands near the main channel cannot be overlooked, as they provided nursery habitat for fish 

spa\vning late in the season. Also, the vegetation at Turner and Jim Crow islands was utilized bj 

(and therefore benefited) more small. linoral fish species than Batchto\\l1 (Table 6). Results from 

the two Batchtown sites indicate that many fish may be excluded from using the internal pOl1ions 

of large expanses of dense emergent vegetation in bach.-waters because of low DO. Low DO ma~ 

be more of an issue in dense stands of smamveed because II is relatively tolerant of inundation 

(unless completely overtopped) and tends to inhibit DO replenishment from wave action. 

Ed£!e habitat -In comparison to the vegetated plots at Batchtown East and Batchtown W':SL 

which were located totally within tbe vegetation: more fish species utilized the deeper edge of the 

vegetation. rn fact. the highest diversity 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 

electro fishing arowld the edge of the vegetation in Batchtown in 1999 that were not collected b) 

seining (Table I ~). Fish have also been observed to congregate at edges of subrnergent vegetatioD: 

panicularly piscivorous fish: which use the edge as an ambush point (Killgore et a1. 1989; Dibble 

et al. 1996). Piscivorous fish were absent from our collections. but minnow species and 

orangesponed sunfish lc:nded to be mOie abundant at the vegetated edge compared to within the 

vegetation (Table I 1). 

Seining technique was different within the vegetation (licksets, compared 10 the ed!;~ 

(hauls) and it cae. be reasoned that more tlsh are captured by aCl;vely pulling the :seine versus 

with kicksets. Perhaps abundance of pelagic species within the vegetated rlOis was. 

undere5timated because of avoidance. accounting for the difference with samples taken from tbe 

edge. We do nOI be i ieve this 10 be the case, however. because popne\ caprures \Vlthin the 



ve-getated plot corroboral.ed seine samples. Addi lionall y. the v .. 'ater was relatively clear wi thin 

the vegetation. and fish (na.mely emerald s:li:lers) were not observed avoid.ing kickst:~~. 

17 

Animals in general ac-t narurally amacttd to edges (babitat rra:1sitions) because: of the 

increase in heterogeneity due to the a\"ailabilit:· of multiple habitat types in close proximit:·: this 

phenomena is termed the "edge.effecl'· (Leopold 1933: Yahner 19&81. The vegetated edge in 

BatChtown represented a habitat separating two relatively homogeneous environments: the open 

water and dense stands of smanweed. Unlike within the vegetatior.. the edge offered cover and 

food wIthout the problems of low DO and, potentially, too much structural complexity. Our 

devegetated plots created additional edge and probably attracted edge-dwelling. species. Evidence 

of this can be seen with the emerald shiner which was the mOSI abundant fish at both the 

vegetated edge and '.\~thin the devegetated plot in Batc,htovm (Table 11). The emerald shiner was 

very abundant in the vegetation in an earlier study (Heidinger et al. 1998), comprising 88% of fish 

captured; sampling in that srudy included the vegetation edge habiiat. 

lncrea.,ing edge to benefit wildlife has been used by resource managers for the management 

of terrestrial game species (Leopold 1933). Investigators caution against the creation of too much 

edge because it could become a population sj~ particularly for interior specialists (Yahner 

1988). lncreasmg edge habitat m dense, homogeneous stands of emergent vegetation, such as 

ex.isted in Batchtown in 1999. would probably benefit most iish. Not onJy would edge habitat be 

created, but this could also alleviate low DO conditions within the vegelation, potentially 3. very 

substantial benefit. We increased edge through formation of our devegetated plots and created 

conditions that anracted some fish species that were othenvise not found at the same depth 

within the vegetati(ln (e.g .. orangesponed sunfish. emerald shiners, and brook silversides). This 

management practice is already empluyed in must years hy duck hUnLers in the BatchIO\\m area 

wbo create open areas around duck blinds artd cut boat lanes through the vegetation. The 

potential benefits to fish of edge created by dud: hunters should be investigated. 

Residual vegetation - Many srudies have demonstrated tbe benefi~s of living vegetarian 2.S habitat 

f:~\j fish (Janecek: 988). but the bentflIs and use of residual. armual vegetation in the l-MR is not 
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wtll docwn::nted. Dead stalks of smarrweed still anached to the substrate remained through the 

winter and were utilized by fish. parricular\ '{O\' (Table 14). The stalks, which at some sites 

formed a dense undenvater network. could haVe pro\'ided direct spawning substrate for fish with 

adhcsi\e e~gs (e.g .. LepisosTeus and !crioblls). Although all the lea\'es were gone, the remaining 

stalks offcrd shallow-water slfUcrure at water depths that othtrwlse would have contained 00 

cover. This was panicularly true at the Batchtown sites where no other form of mid-water CO\'er 

was available. Also, the benefit ofresidual vegetation as Linoral Zone cover probably increases 

when water levels drop. no longer inundating terrestrial vegetation. Residual vegetarian could 

increase invertebrate abundance, and therefore food for fish, by providing cover, il direct food 

SOillce, or by releasing nutrients ooce decomposition reswnes. 

The spring 1999 collections were significant in that they docwnented fish use of the 

residual vegetation, but they also contain infonnatioo on YOY habitat use of poorly known 

UMR fishes. On 9 June, two YOY blue suckers (1.3 and 2.1 cm TL) were collected at 

Batchtov,'n East. and one specimen (3-8 em IL) 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 smamveed (Fisher and Willis 2000). The 135 silver chub and 42 slenderhead 

darter specimens may be the largest collections in the l'\1R of this relatively unknown Ii fe stage. 

In addition to rare and uncorrunon flsl:es, habitat use information was obtained for YOY hghead 

CLIp whose numbers are increasing in the Mississippi River and elsewhere. 

From a management standpoint, it is important to understand the factors related to if and 

ho\\ much residual vegetation remains following ice-out. Certainly the amount and composition 

of vegetation present going into the winter will be a factor. Smarrweeds appear io be more 

tOlerant of iIluodation than the otber vegetation types and are more likeJy to be present following 

lce-out. The temperature re~ime is also probably imponant. For example, decomposition rate 

will be higher during a mild ",inter combined \vitb fast rising spring temperatures. The majority 

of residual vegetation is I ik,;: 1:' lost to \-vater le\'el rl11cruations during ice C(l\er~ stems attached to 

ice will be ripped from the bonom during a rise in water level. Location is a ,-actor since scouring 



due ,0 :nawing ice and open river conditions will impact some sites more than othc:-s. Coc'inued 

data collection 'A·ill enable us to bener understand the factors moSl imponanr in deterrn.in.ing the 

presence of residual vegetation in s;Jring. 

Hydrology 

Hydrology is one of the most important factors structuring fish communities if:. lotic 

systems (Horwitz 1978; Poff and Allan 1995). By influencing reproduction and recruitment 

processes, water level manipUlations (via midpool control point management and EPM) can 

affect the fish community compos: tion of l '\1m. pools, since fish species may respond 

differently to a panicular hydrologic regime. TI1e timing, rate, and duration of the late 

spring/early summer maximum drawdo"WTl (a result of midpool control point rnarlagement) can 

have significant impacts on fish. Spring spawning species, already facing restricted access 10 

quality floodplain habitat (Sheehan and Komkoff 1998), may suffer from a shortened spawning 

season jf ma.ximum drawdown is too early in the year. Year-class strength may aJso be affected if 

the drawdown strands (isolates) or forces newly hatched young from backwater nursery area 

berore tbey are fully prepared for life in river channel habitats. 

In the summer of 1999, we documented the isolation offish in Jim Crow slough. Fish 

species richness in Jim Crow slough declined from ::'3 species prior to drawdown to :5 species 49 

days. pas! isolation. Some of this decline was probably due to fish escaping the slough as water 

levels receded. Nonetheless, we d~d document that har~;h conditions existed, fish were isolated, 

and monalit:' \II.'3S observed first band. Otl1er backwaters in lower Pool 25 were probably 

impacted in a manner similar to Jim (rov,. in 190 9 following drawdoWi1. On 13 July. many 

recently opened mussel shells (AmNeml.l, Quadrula. and Megalol1Qias) were found scanered in 

one of the side channels rraversing Batchtown. The expo seC. mussels appeared to have been easy 

prey for raccoons. Directly adjacent to tbe expe:imental plots at Batchtowc Wesl. we observed 

thousands of dead fish on :'.cl July. encompassing at least 11 species. mostly YO)" channel cmfish 

wd river cCl1Jlsucker. The fish were in and around a shallow pool and prob3.Jly died ::-om tbe 

;~ombjnej effects of e"A1Temely higj midday temperatures and low DO. 
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The summer bydrologic re;:me of 1999 wa~ perhaps extreme compared 10 other years. 

Because of the combination of midpool control pOlnt management and devUlcd discharges 

upstream. Pool ~~ was on Ii; .. for most of me sum!1ler, resulting in extremely low water levels in 

the lower pool. Follo'.ving maximum drawdo\\'Tl, water levels remained 2 ft below full pool (434 

fr) for 54 days and 4 ft below fu1l pool for 30·35 days. We observed that at elevations below 

:ipproximate.ly 431 ft, many backwaters in lower Pool 25 become isolated or completely dry. 

The fact that musseJ beds contai.ning relatively large. old individuals we-re exposed in Batdnown 

SUggtS1S the combined magnitude and duration of the low water period that occurred in 1999 does 

not happen frequ-:ntly. 

Evidenced by observations in Jim Crow and Batchtown, the 30-35 days below an 

elevation of 431 ft was harsh on the aquatic biota in back.-waters, but probabJy increased 

vegetation production. The vegetation response in 1999 may have been higher man in other 

years because vegetation at lower elevations probably was able to grow tall enough to wiUlstand 

refloodi ng in A ugusI; this is supported by (lur qualitati ve a bservation of more vegetation present 

in 1999 than in 1998. The low DO found in the vegetation in 1999 may not be ind lea ti ve of DO 

in the vegetation in most years under EPM. Data need to be collected in additional years to 

bert::;r e-val uate the fish response to vegetation produced in 1999. 

Although hydrological conditions to 1999 were driven mainly hy mid pool control point 

management of Pool ~5. the biotic response observed in 1999 has implications for future 

management strategies ofEPM. Within a given year. EPM can be practiced in such a wa) that it 

rninimizes or negates many of the negati\Je impacts of maximum drawdown on back· .. water 

inhabitants but sl:ll produces ample vegct:nion. For example. in siruations where river discharge: 

allows some control over Waler levels. EPM can be employed such that backwaters are 

reconnected to the riYCL but mudflats are S1iJi exposed for a suiiicieru amount of time to allow 

\,;getation to grow. In general, we bave obser-;cJ that back~laters in lower Pool ]5 become 

discormected from the main channel al an elevation between 432 and -431 ft. Also. an "'inigation 

event'" (sensu Dugger and Fedderser. 2000\. wbe:-~ water levels are allowed to inundate 
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bacKwaters for a si)on time period. may be emp;oyed following a slgnificant dry period that 

induced vegetative gTowth. However. it is unclear whether such an event would rescue f,sh 

isolated in backwater ponds or if it would strard. additional fish. A mid summer rise or irrigation 

event did occur during. 1998. Sunflsh abundance in fall, namely bluegiU and orangesponed 

sunfish, can be used as an indicalOf of backwater quality since they will be sensitive 10 wa~Lr 

level fluctuations and the absence of nursery habitat iKohler et aL 1993; Raibley et a1. 1997). 

Su.nii.sh abundance at Jim Crow was 98% higher in 1998 (44 fish) than in 1999 (I fish), even 

though sampling effort was much greater in 1999. Qualitative electfofishing samples from 

Batchto'vVD in 1998 also yielded rugher numbers of sunftsh. These data indicate the summer 

bydrologic regime of 1998 was more amenable to backwater fish than in 1999. Environmental 

Pool Management can also be used to compensate for the negative impacts of drawdowTl in 

subsequent years. Following the extreme drawdowD in 1999, walc:r 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 provide.d nursery 

habitat for late spa'vVDing fora~e fishes (c.g., channel shiner, spotfin shiner, and ri\Jer shiner) 

\-vhose abundances were particularly high a( Turner Island. The vegetated edge provided a habitat 

type for fish that would not have ex..isled without EPM. Residual vegeU:nion \-vas useJ as nursery 

habitat by at least t"vemy-three yay fish species in lale \\tnter and spring. In years when the 

hydrological regime is not as extreme as in 19Q9, benefits of [PM to fish rna) be more 

pronounced. Our observation of fish ~tranding and backwater isolation in the swnrner of 1 q99 at 

water elevations near 4:; I ft supports a ma.,\:i mWTl drawdown targe~ of::! n as outlined by Arwood 

cl ,11. (1996) for EP~ in Pool 2.5. 

Sampling in subsequent years v,rill allo\.\: us to evaluate EPM under varying scena;iLI~ ({ 

vegetatio;l producti00 and hydrological conditior.s upon whicl~ man3gemem recommendations can 
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be bas.::d. Data coUected in } 999 suggesllo\\ DO may ~xclude fish species from using the 

vegetation aT some sites, and fish species richness is generaUy higher at the vegetated edge, 

Future studies should further e\'aluate the relative importance of DO and edge habitat in 

influencing fish responses to EPM-induced vegetation. We plan to explore management 0ptions 

that would alleviate low DO in the vegetation. increase vegetated edge habitat; and produce ample 

amounts of vegetation. 
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Table ~. 

Location of experimental plots 2.t four site~ in lower Pool ~5. Mississippi River. 

Site 

Batchtown East 

Batchtown West 

Jim Cro\\· 

Turner 

Lucality 

Pool 25, Mississippi River; approx. 0.5 mi "!'Jorth of boat ramp in 
Cockrell Hollow; Calhoun Co. Illinois; Tl:5. R2W, Sec 6; 
N39002.361 W90040.669; River \;lile 244 

Pool 25, Mississippi River; in northend of large bay: Calhoun Co. 
Illinois; T 1 :25, R2W, Sec 6; 1'\39°02.362 W90u

..j 1.456; R.jver Mile 24 ... 

Pool 25, Mississippi River; slough on Jim Crow Island; Lincoln Co. 
Missouri; TSDN, R3E, Sec 25; ]\39°03.792 W90"4:2.685; River Mile 246 

Pool 25~ Mississippi Rjver: southem tip ofTumer Island: Calhoun Co. 
Illinois: 112S, R2W, Sec 1; N39002.720 W9004~.347; River Mile 244. 



Table ::. 

Fish collected by seining and popnets combined In October 1998 in Pool ~S, Mississippi River. 
·\ .. :umhers represent data combined from vegetated ani deyegetated plots at each srudy site: 
Batchto\\11 West (B \A.'), Balchto\\,Tl East (B E). Jim Crow lsland (JC). and T umC'i Island (Turner) 

Common Name Scientific 1\ame BW BE JC Turner 

Gizzard Shad Dorosoma cepedianum 2 0 8 .J 

Grass Carp Ctenopharyngodon ideJla 0 0 0 
Spotfin Shiner Cyprine/la spiloprera :2 0 ) 12 
Common Carp C}prinus carpio 0 0 0 0 
Emerald Shiner Norropis O1herinoide!} 9 10 65 54 
Sand Shiner Nofropis Illdibundlls ." 0 0 0 -
Channel Shiner NO/7'opis wickliffi .. 17 5 ..'l 

Bullhead Minnow Pimephales l'igilax ') 0 4 

Western Mosquilofish Gambusia aj{tnis l6 0 11 
Brook Silverside Labideslhes sicculus 0 0 .3 U 

Oranges potted Sunfish Lepomis humilis 0 
.., 40 I 

BluegilJ Sunfish Lepomis macrochirus 0 0 4 0 

Totals 

Number of Species: 7 4 9 7 
Fish Abundance: 36 14 154 80 



Table 3. 

Major emergent plant types present llj experimental plots at Batchtown West (BWeSl), 

Batchtovvn East. BEast). Jim Crow, and Turner Isla.!1d in summer 1999 in Poo] 2) , Mississippi 
River. Values represent mean number of stems per m2 delermined from::; stations at each site (4 
stations were presem at Turner) . Percem occurrence in the stations is also statec . Data were 

col.l~cted prior to reflood and :ire ~om Dugt?er and Feddersen (personal communication l. 

Plant Genera B \\ 'cst BEast Jim Crow Turner 

Polygonum 14.67 4 \.33 J6.0 1 1.0 
(I nona) (] 00%) (66.7%) (100%) 

(\perus IU4.0 25.33 36.0 104.0 
(100%) (66. 7°/~,) (100%) (100%) 

£chinochloQ 9.33 34.67 104.0 0.0 
(100%) (66.7%) (66.7%) (0.0%) 

Lindernia 45.33 0.0 0.0 0.0 
(100%) (0.0%) (0.0%) (0.0%) 

Leplochloa 0.0 0.0 0.0 219.0 
(0.0%) (0.0%,) (O.oo/i..) (75%) 

Amaranthus 1.33 2.67 6.67 5.0 
(33.3%) C3 "01 .) . .) 10) (""'I "" ""'0 ~.) . j -'v) (50.0%) 



Table 4. 

F1s11 species collected with popnets and by seining m \egetaled and devegerated plois at four 
siteS in lo\',:er Poo1 25, Mississippi RjveL during Fall 1999 .. .i\n "X" denotes presence in samples 

as 3dults and/or young~of-the·year (YOY) Fish \\leTe classified as adults or \'OY based on toml 
lengths reponed in Becker (1983) and Pflieger (l9C)7). 

Common '\"ame Scientific "\'ame Adult YO\' 

Giuard Shad Dorosoma cepedianum X 
Grass Carp OenopharYl1godon idellu X 
Common Carp Cypril1l1s carpio X 
Spotfin Shiner Cyprinella !>piloplera X X* 
Emerald Shiner No/topis Qlheril10ides X X'" 
River Shiner NOfropis blennius X X* 

Sand Shiner NOfropis llidibundus X 
Si]verbfll1d Shiner lV'OIropis shumardi X 
Channel Shiner Norropis wickliffi X X'" 
Bluntnose Minnow Pimephales now/us X 
Bullhead Minnow Pi11lephales vigjlax X 
River Carpsucker C01piodes carpio X 
Channel Catfish ICiGlurus pU17clalus X 
Western Mosquilofish Gambusia a.ijinis X X 
Brook Silverside Labidesrhes sicculus X 
Orangesponen Sunfisb Lepomis humilis X 
Bluegill Lepomis l11acrochirus X 
Green Sunfish Lepomis cyanellus X 

>I< I ndicates the "lajoriry of specimens \vere YO Y. 



Table 5. 

Fish abW1QanCe and species richness in "egetated and devegetated plots based on collec~ions using 
nvo sampling gears. Numbers are pooled from four sites in lower Pool 25. :\·Essissippi River, 
and tOtaled over five sampling oips du:-ing [aU 1999. 

Species 

Dorosolna cepedianum 
Ctenophal}mgodon idella 
Cyprinus carpio 
C'yprinella spiloplera 

No/rapis atherinoides 
l";orropis blennius 

NOfropis !udi bUI1dlls 

NOIropis shumardi 
Notropis '.·rickliffi 

Pirnephales J10tatus 

Pimephales vigila.'( 
Carpiodes carpio 
lcw/urus puncfalus 

Gambusia aj(Jnis 
Labideslhes sicel/ills 
Lepomis humilis 

Lepomis macrochirus 

Lepomis cyanellus 

Totals: 
Number of Species 
F ish Abundance 

Vegetatc.d Plot 
Seine 

'"") 

196 
370 
1121 
84 
52 
0 
0 
2234 

2 
0 
0 
224~ 

0 
" .J 

1 
2 

6310 

Popnel 

J 5 
145 
459 
26 
33 
0 
0 
1027 
0 
0 
0 
2 
543 
0 
4 
0 
0 

]0 
2255 

Devegelaled Plot 
Seine Popnet 

i 

24 
127 
125 
700 

423 
o 
3 

o 
45: 
6 
13 
o 
(J 

14 
1883 

o 
3 
26 
18 
109 
o 
o 
o 
l~O 

o 

a 

268 
2 
64 
o 
o 

10 
614 



r~ll\Jc (i, 

,'~pcc it .. " 1I bundHi H,:C [llld ric hJlcs~ i 11 vegc taled (V cg) <llld dcvegetated (De V cg) pi ()is at four sites; IJ Pool 25 () f the Mi ssi ssi pp i River, 

NlIlllhers represent Jlooled seine and popncl sumplcs based on five sampling trips during rail li)<)C), 

Bat ell [OWII W cst 13alchtown East Jim Crow Island lUrIIC'r Isl'llld 
Species Veg DcVcg Veg DcVeg Veg DcVcg Veg 1.)(' V cg 

I O!'OSOIl1(/ c('IJet/illlllllll 0 0 0 U 0 2 2 
(',cIJOj'!lfuynjI.odon idello 0 () 0 () 2 t t 27 0 () 

( :l'P/";/lIiS c(1/pi() 285 J R7 0 1\4 14Y 59 

(1"},/"illc/lo SIJi/oj,(ero 75 5 57 2() 61 8l-! lJR7 2LI 
NO()"IJ/)i.l" !l/lierinoicles JO n 0 4,()O 5 56 7\ 275 
NOfJ"O/lis Mellllills I () 0 0 1 J 83 0 
MI/r(J/,is.llldihulldlls () () 0 0 0 1 0 () 

N( 1/", tl,is ,\!lIl11lUrdi () () 0 1 0 () 0 (J 

No/rol'is Irick/illi 1 IH 0 22 102 ,114 JI5R IN 

j'imt?/J/w/es /lo/lItll.\' U 0 0 0 1 0 0 U 

l'illJc!,/)u/('s \';j!,i!ilY 0 0 (] 2 0 I 2 J 
Cmll;Oc/CS ('or/,io () [ () I 0 1 0 () 

il'Ii/!Jlr/is IJlII1c./o(II.1" 0 0 0 0 n 0 2 

( ; {/ III h /IS i tI lIfli /} is 230 I 201 I 2262 718 92 0 

IAlhides/lIes ,q'codlls 0 0 0 1.\ 0 0 (] 0 
I cjllJJ1Jis hllilli/is 2 <l1 2 5 0 1 3 ') 

IA'I)( 1111 i,l" I11ll( '!"I){'hil'JIS (I 0 0 0 0 0 () 

r.(' I}()J nix (TIme /IllS 2 () 0 0 0 n () () 

'I ol,il s: 

Number of Species <) 7 4 9 8 II II H 
I" ish !\ hu Iltiallce 627 1 ()7 147 466 2727 1459 48(14 t1 (J 'I 

,<';Iwnnoll Illdex (1 n 0,52 0,52 0.43 0.27 0,.10 O,St! 0.40 0, <II 



T ahle 7. 

Correlation analyses comparing the rank-order abundances of species collected in veg,eL3.ted anc 
de 'egetated plots at each site (sampling gear~ combined) in Fall 1999 in Pool :5, Jvussissippi 
River. Correlations were calculated using all species present and including only common species. 
An asterisk denotes a significant correlation in fish community structure benNeeT'. \egetated and 
devegetared plotS, 

Site N Speannan ru P - value 

Batchtov:n Wes1_ 10 0.35 0,326 

6 -0.7 J 0.111 

BalchtoV-.l1 East 10 -0.32 0,359 
5 -0.71 0.\72 

Jim Crow Island 1 :. 0.83 0.00] * 
6 0.43 0-396 

Turner Island II 0.32 0.331 
7 0.16 0.728 



Table 8. 

Mean (-j::.l SE) abWldance for common specIes collected in vegetated (Veg.) and devegetated 
(0eVeg .) plots at Batchtown West. BalCbtown East. and Turner Island in Fall 1999, Pool ~5. 
YIississippi River, The null hypothesis thaI no difference in species abundance existed between 
vegetated and devegetated plots was tested with a Mann- Whilney U- test. An asterisk (*) 
denotes a significant diffc!"ence . 

Species Veg. Plot DeVeg. Plot P - v.'!lue 

C}prinus carpio ) 28 .75 (5~.46) ... 8')-· ... 69 i l ~ ._) (-' . - 0,049* 

C-.'TJrinella spilopfera 395.0 (330.69) 35 .7S (18.05) 0.049* 

Norropis alheril10ides 27.5 (17.14) 202.25 (81.27) 0.049* 

Non'opis bfel1l1ius 28.0 (27.50) 0 0.121 

Non'opis wickliffi 1053 (1052.5) rOC'" 0· ... .). -) . .) 0.513 

Cambusia affinis 696.25 (522.76) 180 .0 (179 .33) 0.049* 

Lepomis hwnilis 1.75 (0.63) 19.0 (14 .09) 0.046* 



Results Ofl\'vo~way A .... NOVA. tests examining the effect of Plot (vegetated or devegetated I and 
Site on hz.bJtat paramet-:rs at fOUI si,e~ in lower Pool 25, !\1ississippi River in Fall 1999 .. -\11 
asterisk denotes significant (p < 0.05) differences. 

Independent 

Variable 

Depth 

TemperalUre 

Dissolved Oxv"en . c 

pH 

Cond ucti, i t \ 

Turbidit} 

Effect 

Plot 
Site 

Plot 
Sile 

P)Ol 
Sile 

Plot 
Site 

Plot 
Site 

Plel 
Site 

p ~ value 

Fl ~ = 0.081 0.432 
F: ~ == 123.016 0.001 '" 

F13 = 0.12 0 .75 1 

F::.=15 .37 0.025* 

Fu = 8.025 0 .066 

FJ.3 = 8.051 0 .06 

Fl.3 ::: 1. 918 0 .26 

F ?,,3 : .3 .84 J 0. J49 

F l.3 ::: 0.4 79 0.538 
F 3,3 == 1.277 0.423 

FJ 3 = 4 . 76~ 0.117 
F:3 == 3.43 0.169 



118bilal measurelllents in vcgel8lcd (V cg) and dcvcgclated (De Veg) plots <It four sites ill Pool 25 of the Mississippi River. i\-1cans 
(rnllgcs) ilre bl'\scJ 011 fl ve Sri III [11 ing trips during fall 1999. Only ranges arc proviJcd for pll and conductivity. 

Oatch tOWIl West D<ltchtown I ':;\sl J i 111 ('ro\-\' 1 slund Turncr J sl and 

Veg UcVcg Vcg DeVeg Vcg DrVcg Vrg 1)eVeg 

Wall'r neplh (em) 44A 42.0 53.5 55,.2 27 .. 1 28.5 24.R 27.'1 
(lS.O-47.0) (:14.0-46.0) (49.0-57.0) (53.8-58,0) (25.0-29.0) (25.0-31.5) (20.5-27.0) 00.0-.12. U) 

T ClC) ern per(]\u re 22.0 22.2 20.6 2L2 23.1 23.2 21.9 2 1.4 

(I R.6-27.9) (17.1-29.5) ( 16.3-25.6) ( 17.2-25.G) (17.4-31.0) (16.7-32.1) (J 7.~-2~.1 ) (10.7·77.2) 

Dissol \leu Oxygen (Illg/L) S.Q R.I 2.5 5.6 8.7 10.2 0.7 ('),0 

(2,2]-10.4) (0, I -9.~1 (1.4-3.5) (/1.4-7.9) (6.2-11.4) (5.9-12.4) ( 3.0-12.10 ((i, I II.ll) 

pll 7.l)-8,7 8.l-8.7 7.4-8.0 7.8-S,4 8.2·9.0 R.O-S.7 7.8-X.S 8.3-8.8 

COIIJl1clivily U.l!111l0S/CJ1l) 400-~SO 400-460 300-447 300-441 350-468 400-476 350-450 JOO-lJ J 0 

Turhidity (NTLJ) () I.C) 64.6 17.5 4R.9 26.7 56.9 67.4 ~ I ,(1 

(15.5-100) (46-100) (5-43.5) (23-67) (4-47.)) (R-IOO) (<10.5-100) (JI-l00) 



'IA,1e II. 

t \)l\lpari~(1I1 nr (ish collected by scini ng in the vcgct;]teJ plOl (V cgrlot) alld dcvegctaled plot (0Plol) to collectiolls at rhe deeper edge 

llf (lie vegetated pll It (Vegblge) olld deveg<.:!alcd pill! (0Edge) at Ratchlo'vVll ~(lsl and Dutchtown West, Pool 25, Mississippi I{ iver . 

nala :lrc s\IIlllllari ·1.cd rrOIll rive Slllllplilig trips in bill 1999, exeepl ror 0Edge. which ore based on three sampling trirs . 

--~-

Batchtowll East lJalchlown West 

~pccics VegPlol Vcg.EJge 0Plot 0Eclgc Vegl'lul Vegl':Jge 0Plol 0J:dge-

/)O/"OSI//J/U cellccli(f}llIl11 0 0 0 0 0 1 0 (I 

<. ~1'1}J'iJ//ls c(JI'/Jj() 79 0 0 0 177 2 0 0 
( \ 'J /1" ill(,/I 0 SIJi/o/ Item 3 J5J 26 0 ~J 47 2 () 

No/em igo17l1s l'fYS()/ C II("OS () 0 0 0 [) 1 0 0 
Nu/r/J/I;s nllierilllJide,\' () 400 J4() J 16 95 17 I ') 

NOlrll/)}S h/l'J1IIillS () .1 0 () 0 0 0 (l 

NIJ/rol'is Illdiblllldos 0 1 0 () () () () I) 

1',,',,11"1 'II is x/lIl/l/flrilj () 0 0 0 0 0 () 

Nlllrel/)is lI'iddifli (I 5 .1 2 0 10 4 () 

l'illlf'J)}ut/es nolllllls U 0 0 0 0 0 () 

C '{(I'/,jodn ( 1lIllio () 1 0 () 0 0 

( ,'iIInhll.\;(I i!lJiliis 1.11 4 I 0 1~8 12 0 

/,(lhiilc.I"thes .~iL"C1"".1" {) 0 G 0 0 0 () (l 

l ,cpoJllis ( l'I711e/!lIs 0 0 0 0 2 () 0 () 

/ ,el'omi.<; hlllJ/i/is 0 2 0 I 21 J () 

Tlt\als: 
Number orSpccics J CJ 7 J () R () 

Fish Ahlll1daJH.:e 21.1 770 387 <i 417 J 8() II X Il) 

Sh;lIl1 1I111 1l1tkx U I') 0.32 0.36 0.18 0,47 O.()() n.:! X 



Table 12. 

Fish collected by boa! eJecuoflshing lrom The Batchtown State \Vildlife Management .'\.rea \998-
1999, Pool 25, Missi~si ppi Ri ver. :\ urn bers are based 01) 1-1. ~ hrs 0 f elec[Jofishing in 1999 and 

1998. respectively. 

Common N8.("TIe Sciemific 1\ ame October 1 Q98 October 1 QCJ9 

Gizzard Shad DOI'O,soma cepedial1l11n 144 141 

Common Carp Cyprinus carpio 17 7 
Emerald Shiner lv'oh'opis arherinoides 5 0 
River Carp sucker Carpiodes carpio 1:2 14 
SmaJlmouth Buffalo lcliobus bubolus 20 l.~ 

Bigmouth Buffalo icrioblls C) lJri})elllls J 

Black Buffalo Tel iobus niger -l 6 
Redhorse ,\loxOSIOI11U sp, ") 0 
Channel Cal~sh fe/alums puncta/us ") 1 -
White Bass A'lorane chrysops () 

Bluegill Lepomis n1acrochirus 4 0 
Orangespolted Sunfish Lcpomis J1lImifis 4 I 
Warmouth Lepomis glliOSIiS 0 
Freshwater Drum Aplodinolus grunniens 2 0 

Number of Species 14 8 



Table 13. 

Fish collected by boa! cJtctwTJshing ad.i3cem to the veg.eration on Jim Crovy Island JC) and 
Turner Is!and (TR) and on the riverside I SR) and backwater SiCie rSB) of the rock revetment on 
Stag Island in October ~ 9Q8. Pool 25. Mississippi River. Effon ranged from 30 -15 mm. 

Common Name Scientific ]\;ame JC TR SR SB 

Shonnose Gar Lepisosteus plaLOsTonws U 0 0 1 
Slcipjack Herring A/osa chr),sochioris 0 2 1 0 
Gizzard Shad Dorosoma cepedianum 14 88 6 :5 
Conunon Carp Cypril7us cmpio 6 ]0 ") 1 
Grass Carp CtenopharYl1godon idella 0 2 0 0 
Emerald Shiner _\:u!ropis arherinoides 3 4 0 '") 

-
River Carpsucker CQ}'piodes cO/pio 0 0 
Smallmouth Buffalo ]cliohliS buballlS 0 2 
Channel CatfIsh Jcrolurus pUJ1Clatus ") 3 0 0 
Brook Silverside Labidesthes siccull.ls 0 0 0 ") 

"-

White Bass j\{onll1e cillYsops 0 4 0 () 

'White Crappie Pomoxis annIJlaris 0 0 0 
., 

Wannouth L~pomis gulosus 0 0 0 
Bluegill Lepomis mac)'ochirus 1 4 -4 J4 
Orangespotted Sunfish Lepomis hllmilis 0 ") 0 8 
treshwater Drum Aplodinolus grunlliens .'2 4 '"") 6 

;\ umber of species 8 10 6 



Table 4. Sprmg 1999 fish collections fro m 7 sites ;0cated in lower Pool ::5, M15Sissi~pi Rjwr. 
Sites were sampled from 8-20 JW1e, 1999. N umbers represent YOY fish unles: separated b:- a 

colon (YOY.Adult"l. Residual vegetation was present at Batcht0'Wl1 West (B\\'~sl). Batchtown 
Easl (B East). Jim Crow (JC I. and Turner. Additional colleclions are summarized t,;-om the 
Batchtovm BClat Rain;- (Bramp) . Slag Island Slough (Stag \, and Slag I sland Border ,BorDer J. 

Species 

Lepisosreuc osseus* 
Hiodon alc' :. oides 

B\Vest 

H_ rergisl/s S 
Dorosoma cLpedia/lum* 1: I 
CampoSfoma anomaium 
Cvprine/la spiloprera 0' ':; 
Cyprinus carpio* 
Hybugnmhus Illlchalis'" 
Hypophrhalmichthys nobilis 
_\1acl'/7)'bopsis hyos/onla 
/11. srorcrian(} 
lv'orropis arherinoides 0:9 
tV. hlennius" 
N_ dorsal;.I' 
,\1. hudson ius 
N , ludibundus 
Iv'. wicklifji 0: 1 I 
Phenocobius mirabilis 
Pimephale.s !lOralUS 
P.\:igilax u.1 
Semorilus arromaclI/aIUs'" 
Carpiodes sp. * 
Cycleplus elongafuJ 
lCliobuJ sp.* 
/ldoxosloma sp . '" 
Jctalurus punclOtlis 
Gambllsia affinis* 
Llbia','srhes siccu/us'" 
,'vlorone chrysops" 
Lepomls hwrdlis* 
L. Jnacrochirus* 
Microplerus Ja/mOl u'c'S" 
POJllux/.I unl1ularJs· 
P. nigl"omacu/wus* 
£rheosroma nignll/l 
Perctna phw:ocepha/a 
P _ shu/Ilardi 
Sri=osledion canadense 
Aplodinorus grunl1iens" 

Number of Taxa: 1 G 

BEast JC 

., 
15 

O;~5 

4 :2 1 

0: I: 
1 

0 ::-
1 

4 

.., 

, .) 

27 

1 ~ J 

745 

0: I J 
14 

1 :2 

10 
25:6 
I 

0:[ 7 

4 

28:1 
I 
0: I 
]07 

20 
0:3 
0:3 

J ~ 

:3 

Turner BRamp 

6 
5 
9 
10 

0:34 

65 
47 :31 

1 
3 

0:40 
1 

0: 1 

I 
1 
4 

., 

.) 

13 
0: 1 

29 

j 

:63 

3 

4 7 
1 ~ 
0'15 
1 ~ 
1::4 

0 : I 
);24 
l - ., 
)-

64 

J 16 

7 
) - " 
.... 

:. I 

Stag 

:: \ 0 

0 : \ 

.., -
I J 

') " _ J 

~O : 1 
0:3 

4 

:0 

Border 

16 
'") 

3 

0:2 
0: 1 
0:4 
2:4 

0:52 

1 

5 

5: 1 

() : I 

14 

• Denotes species reported to uti lize vegetation for SDawn ing and, ,~ I~ nursery habitat. Dc:tertninariom are from 3ecke' 
',198 ::: ). Holland and Huston n 98.:'j. Janecek (1988). and Emu anc Starnes (19 3 J. 



Table 15. 

\\'ater quality data corresponding v:ith fi~i, colleclions al '7 sites in tower Pooi 25-, Mississippi 
River. from 8-~G June, 1999. 

Site 

Batchtown West ~5 . 7-:::6.~ 

Batchtown East 24.1-25.8 

11m Crow 14.7-27.9 

Turner 25.3-27.3 

Batchtown Boat Ramp 26.5-31.3 

Stag Island Slough :5 .8 

Stag Island Border 23.4 

DO 
(mgO/L) 

6.2-5.8 

6.::!-5.S 

4.8-9.2 

5.8-6.5 

~.9-12.0 

7.0 

6.:2 

pH 

7.8-8.3 

7.4-8.0 

7.5-7.9 

7.6-S .3 

6.8 

Condo 
(~m.hos/cm) 

420-440 

400-410 

430-440 

425-450 

430 

Turb. 
(~TL-) 

69 

87 

4>54 

49-71 

28 



Table 16. 

Late spnn{summer 1999 flSh collectlons from the slough on Jim Crc.I \\ J sland prior to (Pre­
Drawdmvn) and followmg (Post-Drawdown I maximum diawdo\Nl1 ic lowe Pool 15, Mississippi 
River. Pre-Drawdown data are combined from three sampling: trips (S.15.20 June 1999). 
Numbers represent Age-O fisl! unless Sepa;:lled by a colon (Age-O:Adult). No designatiDL was 
anempted for western mosquilOftsh. 

Specie::,. Pre-Drawdown Posl-DrawJO\Vll 

13 July 13 August 

LepisoSleus osseus 27 2 0 
Hiodon lergislis 13 0 0 
DurosoJnll cepedianum 745 7 0 
Ctenopharyngodon idella 0 0 505 
C.vprinel/a ~piloplera :11 0 0 
C)prinus carpio 14 0 1050 
H;,pophthalmich/}n's nobilis 12 0 40 
Macrh)'bopsis slOreriana 70 0 0 
Norropis arheril10ides :5:6 IS 0 
]I,T. blennius 0 0 
X }wdsonills J 0 0 
N. Kick) i}}; :17 U 0 
Pimcpholcs no/alus 0 .J 0 
Carpioo'es sp. 4 4 1 
lcliobw sp. 28: I 33 0 
.?vfox{J.',[oma sp. 1 0 0 
lclOlurus punclOtus :1 (1 0 
Gambusia a/finis 107 lSJ 53 
Alorone cJ1J}'sops 20 Ci 0 
Lepomis hwnilis , 18 :4 0 
1. macrochirus :3 0 U 
Pomuxis ann.ulans 0 " 0 
Pt."·cina phoxocephl11o 11 0 0 
P. shumard; ... 0 0 
S/ i:osredion canCJdeme 0 0 
Aplodinolus gnmniens :11 1 0 

:\umber of Ta.;.,.;;r lU .:; 



Table 17. 

Fish collected by misc:ella..;leous seinlnt; in lower Pool 25, Mississipoi River. The riverside 
sandbar on Jim Crow Island (Jim Crow Sandbar) was sampled on 13 July 1999. The side channel 
east of T Lmer Island (T urner Side Cbanne:) and channel traversmQ Batchto\\'11 (Batchtown Side 
Channel) were sampled on 7 July 1999. Numbers represent Age-O fish unless separated by a 
colon (Age-O:Adult). No designation of age was anempted for western mosquitofish. 

Species 

Hiodon lergisus 

Dorosoma cepedianwn 

CamposlOJna anoma/lIm 

Cyprinella spi/optera 

Non"opis atherinoides 
jv' blennj,ls 

.A,,'. dorsalis 

N. hudsonius 

N. ludibu'1dus 

N. wickliffi 
Pimeplwles nOla/us 

P. "igila'C 
Gamousia a/finis 
Labidesthes siew/us 
lvforone chl)'sops 
LepolJ1lS numilis 
Pomoxis Q/1l1u/aris 

Amm(JCJypta clara 
Sri:zoslediol1 canadel1Se 

Aplodinolus grunniel1s 

Number of Species: 

Jim Crow 
Sandbar 

0 
:2 
0 
:4 
33:3 
1 :2 
3 
" .) 

0 
::29 
0 
:2 
1 1 
.3 
0 
0 
0 

0 
0 

Turner 
Side Channel 

1 

0 
0 
:25 
147:5 
0 
.., 
-
0 
0 
:1 
0 

0 
') -
0 
0 
() 

0 
:3 
0 
0 

7 

BatchTOwn 
Side Ch3.llJleJ 

0 
5 
1 

:8J 
260:1 

0 
I 

0 

1 ;-

2 
4 

15 
7 
') -
') -
1 
0 

{\ 

15 



c 
o 
·z 
ct! 
> 
Q) 

438~~----------------------------------------~ 

436 

Full Pool 
434 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - -

EPM 
w 432 

430 
Maximum 
Drawdown 

428~------------------------------------------~ 
June July August 

Figure 1. A theoretical depiction of Environmental Pool Management (EPM) in 
Pool 25. Mississippi River. 



Four sway sites located i.n lower Pool 25, Mississippi River. 
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Figure 3. Summer hydrographs for lower Pool 25, Mississippi River in 1997, 1998, 
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 Pool 25. Mississippi River. Error bars represent ± 1 SE. 
No significant diHerence was detected between means (two-way ANOVA, P = 0.203). 
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Figure 5. Relative abundance of the eight most abundant fish species in 
ve';Jetated 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 6. 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 sampilng 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 8. Mean turbidity on five sampling daies in treatment plots at four sites 
in lower Pool 25, Mississippi River. All N = 4 and error bars represent ± 2 SE. 



----.J -C\.I o 
CJ) 

E 
c 
Q) 
CJ) 

>­x o 
"0 
Q) 

> 
o 
CJ) 
tf) 

o 

14 

12 

10 

8 

6 

4 

Devegetated Plot 

,.0 

----0- Batchtown East 

... .. ... ¢ ........ Batchtown West 

····0··.. Jim Crow 

----!:s---. Tumer 

2~------------------------------------

14 

12 

10 

8 

6 

4 

2 

Vegetated Plot 

,P-
0-"" '-"'·"0.. // 

...... -..... ,,,,, ;.~.o 

/.<.>.~ .... 
~'/'~' '0 

o· ......... -.. -0" l:J.. -.-.-~~-:...-'~~ 
A AoI'''''~ ... ~.-- ..... ., .•• -. -•• _·.-.A ....... ·····/ 
Y"". ........... .v . .' 

6-'- ~>.<~ .. 

O~--~----~-------.------~-----.----

28 Aug 10 Sept 25 Sept 8 Oct 13 Oct 
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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 1999. Daily 
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INTRODUCTION 

'T:.e biology of t.!':.i 5 speci e.s ~s pocr!y unders tood, 1. S - :le 

c~s e fer rr,2.:-_y S'C'2 ~i es exi s -:'::'!l.g in ~ ow mlrnber 5 • 

Conse quen': ly , ::.he Pc.2..l~d S"::-_:::-gecC) Recovery ?lan (Drve r oCld 

S~cvol 1993) ide~~i:ied the ~eed t o ~ai~ better 

species. 

'The prese~~ st~dy, fu~ded by the U.S. Fish and Wildli~e 

Service (uSFWS) a:1d U. S. Army Corps .:): :Sngineers (uSF-,CE:) and 

::ecoITlIne:;ded '""i L:h hig::' priori t~r by the Cen:':r21 S'Cates Pallid 

S~urge~n Work G::-oup, was p~~:J.cipally des i gne d to address th e 

Recove~v Pl s:;'s ?r iffia~y ~ask 3.2.1, Co~d~~t fie l d 

.-, - '.-. .. -. 
_ l ~ C. I_-::::" J. :::/ 

~. 

/ - , -' • - I 

:!:"ecovs::y ------_ .. 
:'-----"-~ 

c::: ~ -- - -:,( c. ~ ...; _'- _ ..... _ I 



R':" ver ~. e. I 

~~i5 ~e?o~~ descri~es our ac-iv ~ t :e s d ~ring t~e f~ f tt 

Spec::ic 08jEct~ves zor Goal : ~erE 2S 

:c.:llows. 01:j ec~: 7e J.... ""2.5 t::-,e identizicc tion and 

assac:c:.ec. v..':...:.h on en over2.11 2"0.C a sP2.sona:'" basis in the 1'11'8_. 

Ob~ ecti ve ~ 'was '-he de~ermi::at.icn 0:: wi:etjer or not pa l2. id 

cva~lcbi':"ity in the ~~'" Objective C was to ex~~~~s the 

pal~ i d s~~rgecn ~~ t he Mis s i ss:?p~ R:ve=. Objec t:ve D was :' J 



Large River H~itats and Their Utilization by the Pallid 

Sturgeon 

The bottom-dwel liDg pa l_i d s~~rgeo~ ~=efe r s ~arge, 

swi~~, f~ee-f ! owing ma~ns~em rive~s wi t ~ high t u rbidity, 

~·":c.:. c.S _ .. -;;:; MiSSCJri 2.:'d:: ~:'ssiss~p!=: (Kc.llemyn 1983). To 

movements of pallid stu~geon. Clancey (1990) tracked the 

moveme~ts of six pa~lid st~=geo~ in the Misso~=i River near 

For t Peck and down stream of the Yel~ow5tone River ~sing a 

co~in5.tion of radio and so~ic tele,netry. TwO :is~ caught 

t.y SCBJI-., c..3gged with comb:!. n c:. t. i on =ac.io/ son':' c tags I and 

:::ele~sed i n the tc.ilwate:::s of t::e ?ort ?e::k Dam !"emai:-~ed 

Of th e 

c~i f two were =el c c~:eQ, -- -,-.... 
'-' - ::::.....) 

: :::c:r: 

_ .... c · 



wc.:,c::" ) 

of i:'5 ~2. !. ge . 

w~~h a ~~ve::sity o~ deptts, current ve l oc i ~ ies, a~c 

s~urgeo~ ~seC: 

of 3.30 m, a~d bot~orn cu!rent velocities rangi~; between 0 

~o 1.37 rrls w~:.~ a rne2~ 0.65 m/s. :hey appeared :'0 ~se sa~d 

a~d avoiccd grave~-cobble ~ubstrates. ~hey ranged 2S =cr as 

3 31 .2 km and ~oved up to 21.4 Y~/d. nramblet"':. (:. 996) 

charaCLerized the rnacroL2bitat of pa_ l i d s:'~::jeon as 

"SiL'J.OUS c~'"l2!17").els wit~ ':" sland ::: or a l luvial ba.:s prese~t. ,I 

Dur ':" r.g sp.: .:"... ng c.:J.o ea.:ly S'2-mme:::- 0: b o th 2. 9 93 and 1994 r.e 

docume:1~ e~ aggr egs t':"on s of p2 1 : ~ d S~u=gEon , which ~nc lucEd a 

:em<=.le ClOW:!. to be ;~avid wjen ~2gged, 

t h e Ye!~ows~one Rive r. 

': _'-'" C:~~ 
-....)-'-"'"--"'-



· . . , 
~~~ ~~ e c~a=aC=e= l S~: C S ='''''-0 

:"'5 

~ c ks : ow-~ Ea~ dam a~d in its u pper reac~e 5 by a 5e:i95 o~ 

?~ver ~s channeii:ed and 5ta~ilized. n .... e l~::-, ana lower 

Mississ ippi River are ~=ee flowing, but ~c~h tave bee~ 

cianne~ i ze d , leveed, and cont3in mc~y ~2vigaticn-aid 

s~ruct'Llres (e. Q. I wing dams 2 .. d c-osine; da..rns ) (Sheer-la::l 2.!".d 

~~b itat s av a i lable to fish have become reduced in 

divers:~y cnd counca~ce due t o in f l uence of modific2tio~s 

maTI ha~ mace on tTJe M!:1R. Under n 2.tur~l ~o~ditio~s, fluvial 

p~ocesses bot h cre a t e a~d destroy a quatic habitat s. Today, 

~~e MV~ is mo s r. ly fixeo in ~ ~s bed by b ar-k stab il izat ~on 2.~d 

~Evees, e::' i :nin 2t i.n g ercs i onal ;; =ocess es .... :hicr-! cre2.~e c .. .. ::. 

Depos:t i onal ~roces5es 

Co .. .. t :.r..ue, c2.'J.sin; c ::-chc.:r:r.El r..a~':' L.2.=s to b ecome e lirti ::-:. a r.e d. 

t:'- , ~ -r-.::::. - ,'"'""' 
- ... __ ~ -1,...: ... 
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a:lC 

2.99 8 ) . 

Many reSe2!C~e~3 beli eve the sc-

ca l led floo d puise is cruc~al to ~he ~roph~c ~yn~~~cs a~j 

~~sr-,e.s cf ~c.rge =:"c .::,dpla:"':;: rive:!'s (see ~eviews in Eio.5cience 

'JclUI<1e /~.:., :993) 

3IurgEo~ popu:c.t~on Slz e and g row ~h is affected ~ v t~i5 

:-eductio n i!': : 1oodp':"a2 .. inundation . 

Tdentification of Pallid sturgeon 

No sin~le morphclog:"'=c.l charact e=is tic c:"'stinguishes 

:?a __ ':" d f=orn s Dov e lnose s ::u=gecT'l, due t o over ~iSppL.g 

Eybri~s show c harac te=:s t:"'c s i~:e=mediate 

:0 ?c.rE:::.l t 2.2. spec':'es I f..lr~he= c ompl ica::' .. g ide.~~ i :: ica~ ::' on 

p::-ot·::"eIT.s. Consequently, b':o.log ':" s:..= ::'2.VO: us ed sets O~ 

( :' 98::') 4,036 c: 

I .. - t 

c C :-:-:":)c :0 :. :. = c: 
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S:l~-"'-: _:-~~ 5 e, - ~, 

wiicj ~eve been re~or~ed : or t jose chc: ac te r is t i c s (~re~t : 

::.7:0 Drye:: :'996). 7he letter index was developed using 

c: _c..~acte: i st ics of s-::u:::qeon col2.ec-:ed :'u the no::.nern 

:eaches of the Miss c~:i ~iver. We applied t he K=e~ t z c.. ~d 

:;::yer (::" 996) index ~':) cia::.=. (reported in Ca:::lson and Pfl:..eger 

:981) ~or Scaphirhynchus s?ec~men s from ~ he Middle ~nd Lower 

Missour~ River and the M~s s iss i ?pi River, and ,r f2.:':ed ~o 

c i s l: ingt:ish ~e,:-""een p allid, ~ho'JElnos-= , and the presuned 

h ybr ics. There ere at 

l:~e lack of success wi t h t he K:ent z and Dryer index when 

Fi~s t , 

(: 99 0) ~0ted -: .:1 = v E. ::'ues :c::- 03/ :;: 3 { -: h e 

C~ --I C. - - !:>"" -- - \,.; - - -

::.. 9S~ J • ~~i5 was nc -: ~he esse fo: va:~e5 

7 



- - ---1---_':' 1 C-_ :::._ ,-C_ C c..!" 1 5 : . :-, 

( 
- 0:;: ~ \ 
_ J "-'_ _ 

~ seco~j poss:ble 

i~ ': h e possib:l:.:y '_ . . Co_ c.:'l 

Sets i r: w:-! :'ch sC::-.e spec:.:ne;;.s :lc.ve b-=en rr.i5:'<is::-_-::':::'ed. 

r.C C:: pcs5:'::1e c.: t:--. is ~il..~ -:0 say 'vI,':'t:J. cer-:c.inty whether 

s~e::'~E~S i~~~:if:'ed c.S species are ~O~ :'n ac tua li ty 

Misiden t ifica: i on wou_o cause 

m:=e CV~~12P i- =harac~e~ va!~es for the two specles. 

A -:~::"~d poss:'ble ~E:asc~ fo~ t~e poor f i c of t~E Cc.rlso~ 

~_d ?£lieger : 19~1) data -:0 the ~ren~2 a~d Dryer index lS 

,....---' 1 .- ~ 
.t-:::I.- ..:....- ........ st·...:rgeon i n the ~ c~e genetically 

T~e degree of ov erlap in mo~phol oqica_ 

c~arac:e~is:ics C.nC -:he :c.:'_ure cf pro~e:'~ e l ectrophores:.s 

t a--e 2.ed SOITle t o 

S~'3c.: es (Camp :: 0:-1 ::'9S5 ) . ..... ;;;; __ 1-=" 

- , ' " -

C.1 S L ':":-.l .; -~: oS:-. 

8 



,. --"' . . -
--=.--~ ........ 3. - 2L S:-~::,-\,je"':":-l C S c 

Ac~pe~se~ sturgeo~ 

rn ~ c~osa:el li ~es (Dc~h tr:- 2~~ ~~~r~~ucleotide) ioci in bo~h 

Scaphir.-.ynchu s .=pecie.:. f:)c.:s c :-, 

- h " , ~cap ~2:nyn C.fJ US species, ~nelr w~r k demonst~ated t~e 

=e.asi b i':'ity of c.rnpli:ying hOIilo l ogou s m':" crosatelli-:es ~:1 

t hese spe(: i es. IE a~c:.:i.t ~ or" t h ey i :lust =ated ~~e abili~y r':: 
'-'-

t he t echn:i.~e LO reveal pO_ yThorphic vari2~~:)n in 

Scaphi.:.;::::/nchus spp. ""he~e other techniques have :c::"led. 

Further, May and col!ea}~es (5er~ie M~j, Direc=or, Ge~om~c 

D~ve=5:LY 1cboratory, U~:vers::"ty of Ca~::"::)rnia-Davis 

Lt ou; ht =c be hybr: d s tu r geon showed IT~ c=o sa Le~ li te a:le:i= 

s t'J. :t:'geon . 

a nj 5~~velno5e 5~~ = geo~ . 

( :"9 9/ ) __ _ .L :::" _ 

- '-, C: - ~ - ... -- "- :.s 
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~:-e cve::-:.cp i n characters, t he ':"nci dence o-=. hybric s in f ield 

cal!ec~i0r 5, ~nd the appare~t l y rec el L dive~gence ~e~ween 

:he two 5pe=i~s, we believed that i den~ification o f pall i d 

sturgeon ':"n ~~e field would nc~ be a~ easy tas K. 

du ring Year 1 8£ ~he s tudy a c ja rac t er l ~dex was e:eveloped 

~c aiQ .:..~ t je cf:icie~cy and accuracy of identi=ication of 

~~llic s ~~rgeon i n t he f i e l d as well as to nelp aistinguish 

?o5s i~l e pa1 _1d X shovE_ nose s turgeon hybr~ds (S h eehan et 

-l c._. :!.997c) ~~is ~~dex hcs been used i.~ su~sequent to Year 

Methods 

Goal 1 - Habitat Utilization and Movements of .~ult Pal l id 

S~urgeon In the Y~ddle Mississippi RiVer 

- . . . -. -- . 
c ..... :. a:. =-.e :. co~ue~c: a_ :_ S~E~S, 

10 



(09) , ~~ne = b2r~e l l eng~h (IE), mo~~h co i~ner bar~e l 

(;':L) • Me=~stic count s ~~clud~n g a na l and do::-s a : ~i~ ~ay 

COlln'L.5 (.~~:C and DFC ~espec"C:;'vely) we~e tcj:en upon placemen-:: 

inee -::~e recovery tank. S':rgery tec~~iques took a??rcxima~ely 

10 rni~u~~s ~=om re~cval from ane5 ches~ 3 t o placement i ~to t he 

recovery teLK. 

SO:Jic t::-a:-lsmi -: te::-5 ""ere s urgically ~mpl an '" ed using the 

~~llow~ng procedures. The fish wer e placed i n a 114-1 i ce 

c~es: cne-~al f ~ul l 0: f r esh river Weter oxygenatec to 

\:"055 of 

11 



- . 
~e~-=':-D :' !""J. e':l :.~ c. -: s .. ecime!""l 

"V-.:::-:':':.ped" 

up::iqh-::.. 

f':"~~hec ,:,-·"-e ~ t:'1E ;i 2.:5 and skin per: ~ :xiically t:) preve::;': 

c ::yL.g. 

pos~e:ri:':: :"::-.=-':"sion was made c.pp::c}:::'=-=-.a~s:"y 3 :J -rrun ante!: ior t o 

t he pelvi c f ir.s, one-eight:-. 0:: body ois..me t er lac:eral to L .e 

IEidl i ;)e. 

The trcTI s mitter was t~e~ i ns e rted pU5hing tow2~d -::.ie 

c':" c :::ed 

", 1-

.-- @ :::/O 
~ _._-- .... -. -



:0:: 

-::'0 :'::'ci:-

13 mOnL,2s. 

b ','- :::-acking dQw~_strec.m a:' bact velocities of 11 to ~3 }:m/h. 

~~~er in:~iel contact was 2ade, a s eries of addi tional pass~s 

1tJe::e made to t ::-iangui at e a:1d fix t :"J..e l oc2.t ':' ·w:J of 'G."1e fish_ 

::"'oca t ion coordinates were : ::en ~3ken uS lng a. different.i al 

g~obal pos it : oning system, and the ':)os i L. i on was recorded on 

U.S. Corp of Engi~eer Navig2 t io~ Charts. ~epth was tcxen ~y 

s ona r and surface t empercture was meas~red a: each locatio~ a 

'l':,ese h~i ~3.t 

(W:Jl.i ) , :'rnme 
. . . 
l.~~ e _\i ( /DZ)) , 

Si..l.rrrner: ~ : :' 9 97, 

l 3 



Twen~YI o~e-r~ver -mi :e 

:ccup:ed ~J ~he s tud y fish. 

':'0 s::=etc~es we.:.-e g::::-o ur: d--:':::·"::'~:1e d "-0 en s u re up-to-cic::.:.e 

(=ound-:=uth i~g invo lved ph ysica: exa~ina~ic~ ~_ 

each :-mi s:retch to det~=~ine if habitats shown on the 

~~ar=s had been modifi ed, added, o~ ~emoved. ChangEs 

:.-y.!-'ically incLlded -ehe 2c.ditiop- or removc.l of wi:Jgdc':::!s and 

-:,:-.c disc.ppecl:"5.:1ce 0: Sffia2. _ is l ands, presl::.;;cbly due 'Co 

e~osiona: p=ocesses. :hese chcnges were tra~sfer=ed to ~he 

~2~igation char~s. T~e ch~rts were then enlarged to a scaie 

of 3.5 i n = 200 0 ft. 

'!' "l"le occu.=:-e:l:::e of e2ch !:loc::::-ohabi :.a",: "Ly-;Je ir:. coc:: 0:1..9-

':'abl e _. :~ese par2we'CE::-s were der i ved from 'Che c.verage 0: 

63 :::: 

c: =rOIT. 

---_:_ .. :.-. -:-,c:. ... _____ ::._ 

=-=.;:.-:--- --'-' 
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Analysis 

pallid st~rgeo~ were us:ng any given macr~~a~ita: out-o!-

pr-op o r -: i on to i 1:.S availeD-=-: i ty in t.~e MH!{ , to e Xa..mi ::1E t h e 

ef : ects c: ~~~peral:.u~e a~d cischarge en habitat. selection by 

pa.llid s~C:.rgeo n. :'n tl-~e MMR, and to qu ant i:y the c::::.se:--.red ~:c::te 

ran ges an d movement p2 tt e=~s of t je pallid s~~rge~n in t~~ 

t·'lMR . 

~2~~rat A5S0C~a[io~s 

- . 
~~ 1. C) C2. -: ::. 0 :-_ . 

15 



::. 9 S4, :. 93 0 ) . 

.:: ::< ~ 1 ----I 

St rauss's ~ ~ne ar select~vi~y ind ex (L i ) was chc 5 e~ : 0 

exa~i ne h~b i ~st s el ec tio~ by pal~id sturgeo~ :~ ~he Mi ddle 

M~ss~ssippi R~ver. st r aus s / s i =-_de:': We 5 ::-,'::.r e des':" rae ~e ~hc.:J 

o~~e~ po~~lar selec~~vit y indi ces,s ch as I vlev's 

elec~ivi~y i~dexr because i:: is not suscept:..~~e to 

s~mp1..i::!g b i as v,l j e :1 t he h ani tat 'type represer::ts a 53all or 

m~~~te propo~ tion of al~ avai l ab!e habitats (Lecho~~cz 

::. 982). :"J vo.l u es (S t~aus s 1 9 7 9) were c~lC"ula':.ed for eac~l 

::.. :'Lear ':"D Q,eX -J~.2. ue / prcpor~':"on of :~n 

These 

16 



[:>2 g::; :..:.. --2. ~e:e:::: ':'C ::1 W2.S occu r :::::':.g ) . 

E:ffects 0:: Tempera t ure C3..nd Discr:cr;e 

'I'o exsmL _e t~e effect s of tempe:::: ature, L ~ v 21ues were 

c alcc.l2.:ed for ecch habita t for :our t e mperat 1.:re :::: an ges (G-

1." 4-10, 10-20, ~~d above 20° C) . A chi-s~~~re goo~less-c=-

:i~ ~est was used ~o deter~ine i: sig~i::ca~t selection 

occurred wi t:'"l.in e ach r. empe::::a t-.:re range . To eX2m:'ne :::~~~ge5 

.1. 11 5~1E-::: ~':'c.n for ':'ndi "7:c:J.a l h",;:, i t a.:'5 CU e t o i: em.?e~ c. CJ. ::-e / 1 

- ~ ..... - --­
~--":: -,.- ---f 

and ~igj diE~ha::::;e =~~ces we r e 0 - :6~, J O O, lE5, Oa: -

~ - r 
I 

17 
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...... ~ -- ""(.::: 
-~.~:",-~ 

___ ~ __ ..L... 

•• ~ •• __ ::. L.. and gra~~~d with the~ ~ 95% 

A t-~e5t w~S used to de~ermine whethe~ ~. v~l~es w~re 

ObSErved .::rome :-'c nqeS end Mo·vemen:s 

Ob served home ra~g e s for i ~di vid~Q _ s tud y fish were 

cc.lcLll.a l. ior:.~. C~se~ved horne =a~;es 

Goal 2 - Observ~tions on h~it2t of sturgeon spawning site 

nea~ Chester, Illinois 

]S 



c:l:"' <3C L 5paw~ing sesson us i~g a 

ch::.r~.'::~er:"ze the f:'s h C0I7LiTIunit y at t:"1e S .:.. te . 

The s ":' te is 2.oc2 .. ~ed on ~~e wes:.e ::- .. sh ore (Misso'J r :' 

t~ioge C~ Cheste~, Ill inois. Dur ing year four of this s 'Ludy 

s'J.bs":.~"'::e v.,'cs s2.IDpled on two sepa~at e ca.y::: o::~e i~ spring (2 2 

2.:cJ.d Oi;.ce early ia~l (27 Oc~ob~r 1999) . 

~;l.e :Long 7en. Resource Mo~.:..t():-:'ng Prog:-am (L,:,:r~I(?) staff a~ 

Cape Girardeat.l, Missm:ri, the.": the site Tr . .:gh:: be cverb'c.:rdene:i 

by s=.nd 2.'L l:::lw river- stages (5.7 Ft l:~\1~ on 27 Oct:':':'e:: 1999 c.t 

Che s:e r, :11i~8:"s). 

2.'~)proximc: '[e _ y 50 m were msde w":' thin ":.:, 2 P"...l::-po ~ted s ite ::. r.~ t be 

2 000 , r r· .- ~, 

.t.. \..J \ __ 

19 



c __ ::: D---- --L- ____ '" 

egr;s , 

::ol ::'ected 

-:.ne cppcr:::'-Ll5 LO 

p::eserlL _ 

~~~5t 300 l ine~r meLers of river bed. 

spc\,m i ng ~ i':"e were co:"lected on the sar:,= days -~:;:;:.ng a C:3.J.:'.I::E:' 

Each d rift cove~ed approx~~~~ely 100 me t ers. 

Th e -'-_::'-~::L--::_el net wa.s 50 ;neters _ong wi't :. 2. 31:- :mL bar mE:;;::!1 

ou-c.e:: pane l. w~ rr3.d scheo.u~ ed to h 2.ve '(he U _ S. P ~y Corps 0: 

L.ng':"ne e::-s _ .. 
::t .... 

were t o s n a __ ow ~o a:l ow their boat access. 

Resu.its 

::':'::.::: as 

GOi:.l 1 H~i~a~ Util~zation and Movenents of Adult Pallld 

S~urgeon In t~e Middle Y~ssissippi River 



One c. : ~ ..--. ~ b c. 5 e c f -: :. e 

=~~serva: io~ (MDOe) £~oy tag. ~he scarrec fis h W2S 

f l oy -:agge~ e ach Q~ the pallid sturgeon stocked. The SC2;-S 

O~ th2~ r pectors ~ f i ns were probably caused by a ~loy tag, 

ye: s~~ce no t ag was observed, we CCGld not co~f~rm th~~ 

~aese were MDOC's stocked st~rgeon. 

Con~ac:s ~~om five ?2~lid s t rgeon were added :0 the 

s-:udy da~a d~ring ~aa~ S, ~~clud: ng four contacts w:~h a 

f~~h :~r~s~itter ~~l~er 3334) iden t ified as a f emele wit~ 

~gqs at :~e t~~e o~ c~pture. 

39 ~ O ':!.: :"es 

,.: 
-'- : :.':'5 

_. _.- -! __ .L.. 

L.-- _ '-- C_;... 

--' 

!~~ ~ ol l owing ana l ysis ~5 a 

~athered ttrou qh o u ~ 

200u . 



...... ..... ~ ........ - - --

t: ·_:~.=:o::e .3..coe cove:- 0 ::1 I: :.e !'ive.::- o!' dec::eased ""C::=- r~ smit':er 

::~~ge duri~g high wa~er perio~s ~~ the sp::ing . P ... -: river 

s:ages above 7.6 m at the Ches~e::, Il~~nois, ~.s. Geologicc~ 

SG::V~Y gaug e the de t ection range a~ I: he transm~~ters 

le ss I: h an 3 rnete::s making ...... 
~L i mpract i cal to 

t::ack the stUQy f:sh. 

The s~ udy sturgeon we~ e located ~ n L: je MeL 38 % of a l l 

::e l ocat i ons. The MC3 a.n d 11mB :'J.c.ti ~at 5 WEre used du ring 2 7 ~ 

a~d 14 % cf all co~~ac':5, res~ect~~ely. 

c omp.!2.se ci ~etween :..% c.:!c 9% 0: 2.1. 1 :-e l,)co~2.ons ( : igu::== 3 ) . 

decrease~ a nt mor:al~~y :n c::ea~e~ for s ome ~l ve:: spec i es 

:0:- ::~:.s r~as::·r., c. s s:.:::. c:' ~ c r.s 

c,.. 

- - -----.. c. __ ...!.. t.. =- _ suc:-. c.S 



c· ~~ 
- - I 

c:' 

:o.:-lV othe~ s e =.son W:...t:"l 6 or t r o 7 : 2.::''::''~ o.t s '::Ising l':'.5e~. 

~owever , :. he MeL (5 2%) a nd ~h e ~C3 

(3 0%) t ogether compr is eci 82% o~ all re : ocat i on s (Fig~re 5 ) 

Sabita~ associations at ~e~p2~a~ures above 1 0 cC b ut 

be:ow 20°C during the spring rno~ths devi=-te~ ~rom those 

du:i.ng yecr. T;;e Me:, babi~e~, which was 

used h e avi ly d~ ~i ng ~he ~e~~ af the year, corn~ ri se d only 2 5% 

o f the :eloc at icns d~ring ~he spri~g (Figure 6 ) Use of ': ~ e 

MC3 (21 %) hab itat re~:o.i~ed sim i _ar to rnos~ othe= seasc~s, 

C= I he c ::J- acts . (13~ ) end W::O 

~.:..S() ·.;.sed 

ne :- ':'c j'v,,' c 5 l OYJ (n. 2 ~ ) 

_ ... A • 

: ~_.!. rno ::-. L..!l S 2"C 



-------,...--. 
-.:: -- -:::.,-~ 

':>-'<­
- - I 

ove:- 2= 

~he WD~ mac~~habitat saw its 

~~av~es: - se d u r in g t~e 5~~~e~ ~:~~~5 a t 1 4% . Th e maj or 

::~:: (9):-L end t:-te v;l)B are2S (~5%) (?i.gL:re 8). 

M~ximum wcter depths at the po::":-.':. of re':"oco::ion.s cc,-..:.ld 

b e impo~t~nt as pa l lid st_ r geon are ge~erally co~side~e~ to 

be a bent t i c spec:es. The s tudy s~ur geo~ were found in 

loc a : i :'J $ wi: h wa t er depths r2n gi.. g :ro:m 1 . 82 to 19.17 IT .. 

?hey were ~o~nd mo s t o~ten (88. 8% G~ al l re l ocations; n=157' 

i::l vJ2ter wi;:h rr,ax::'. :c.'.TJl depths : r om 3 to 12 m (Table 4) 

~-::::-..:.r~-2C:-1 v"ere Ir.ost CO!l\..L"1l.0 D _Y f ou~d (37.4 % of relocc":.ions) a'C. 

=0unc 

~ :'m e (:: = E ) . 

: =-_ = 2 ) . 

24 



~abic6[ sel e cti on 

erEa W~5 app~~ximate l y 64. 85% MC~ a~d 11.05 % MC9 . 

O.E7% . The oL'"ler mac rohe:b:' t =- ': : ypes I w;)D, \lJD3, "it\l:'U and vDD I 

co rr~ri se 8 . 73 %, 7. 82~, 3 . 71 %, 3 . 04% and 8.73 % r e spect ive l y 

(?iqu~e ';) . 

Strauss's selec':~~~~y i ndex va lues (L!) ra~ged Irom 

- 0 . 2536 to O. 15 62 (? i gL.: r e _ 0 ) 

s~gDificant:y diffe~ent from zero (~-tes~; alp~a=O.O S ) A 

Cti-sq~~re goodne5s-of-=~~ ':es~ ind~ca':ed that t~e 

t!le ;"'lat::. ta t avo. i 12.1: l L. ty U! = 144. 7 0, cr i ti cal v aLl€' V:".:t h f 

'-.!.. ::: ~~.5 9}. _h e s:~dy s turgeon s h owed pos~:ive 5el ectiQ~ 

::r, i!". :::-aOlI: o r d er: MC3, :':'D, \>JDB , and WJT D2.;:"it 2 : :O. : i e 

s-udj ~ish exhibi : ed negati vE s e :ectio~ ~or , i n r ank o rde~: 

MC~, ~DD , w~u ( r~;L~e 1(: 

. ,... . ... . .. - - .... __ ~ ____ A ._ ~ ~ .... ~ ,.. _ 

----------~ .. - '--
5 l ;·:::": l :==' :-:~ _ ~/ '::.:.=: e ~ E=--;:: : ~ cn. 



c ) . 

fo ~ 

:r:)m ze!"o 

terr.~'2r~ :.u re ~ange ( t -~est:; ~:''9ja=O. 05 ) (Fig re 11) 

~ist~~~u~~c~ o~ habitat use was 5~gnificantly di~~erent ~rQm 

th~ hab ~tat eveils.:-:ili'[y at ':.he ::"'o'w, med-=--..:::,_, aT'ld high 

discharge :-egimes i I'=.ole 7) . Se le c~ i on directio~ tid ~ot 

ch~nge :or any hab:~at d~r:ng ~he three d~scharge reglffies 

( F ~ g\..::c e 1 2) . L; val ues 

discharge re?i~es wer2 significantly d ~fferen'[ from =e~o (t-

'i:est; alpha =O. 03 } _ 

ODse:ved Some Ra n ges e nd Moveme~t5 

Observed home ran ges :c= ~he stu dy 5turgeo~ va=ie d 

rrr;::-- ~ -.,, __ c- __ _ 

loca~e~ a: ong e O .:-~: 0: 

~:...ve=. 

( ::---::: l:) ---.!.- .. 



- -~' .,.-.c __ _ ~ _ 9 

~wen~y-c~e of ~je 27 fis~ ~mpl an! ed w~tt a t~~~smi= t e= 

re~acated ac ~east one time duri~g the fi.ve 0: 

i: h:' s s:uoy . The :ongest period of c~~tact on a f~5~ ~o da~e 

was ~i sh 22 37 at approx~~a=ely 19 mo~~~s : ~igJre i3). :~e 

otse~vsj movemen~s of each o! ~he 5e f i sh are depic~ed " ""' 

3" i g u:- e s 14 - 34 . F~gure 35 p rovides d a ily disc~a~;ss ~rc~ 1 

0an-..:ary 1996 t hrough 31 DecemDc'::: 200 0 of ::.::e s~'Udy DEr:oci. 

Goal 2 - Observations on habitat of sturgeon spawning site 

near Chester, Illinois 

c ~ Che.:::"":e: I : 2 :'ino:'s c:.:=i:::g yea= 4 on 22 J..p= i 

ani pebb :"es. 

2Y O. 

_. -- - --~ - - . ..... -



Dl.scussl.on 

Goa::' :. Hab~~at U~l.~izat~on and Movements of .~ult ?all~d 

Sturgeon In the Middle Mlssissippi River 

Mel.. 

wi:h -~e MC3 snd the WDB mac~ohabi tats. 

temper-ature ~eg::..me (:.e., sE:asor..) tt~ a 'C t:his t:::-E::1C did :nOL: h.::.lc 

was d~~i~g ~he spring mon'Chs wh~~ su:::-face water 'C empe:::-at~res 

D~rinq t hese ~er:~~5, 

t~E WDB jabitat was used mos~ fr eq "e.tly. This was 'C ne on y 

obv i o us seaso~2 1 di£fere:nce i~ the habitat assoc~ations . 

The~e are several p05sibl~ explana~ic~s ~o= the 

CU~l~q ~he spring. ~~ri~g the hi~h water periods in t~e 

5p= i~g, :e leme trv e~f i ciency may have be e~ ~~;~e= in t~e W~3 

in t~e othe.:: hc.bi. tats, 

. :: - ---------

:8 



spaw~ing or s~aging b y pal l id s~u~ge=~. 

b~ology (uryer cp.d Sandvol 1993), data 5uggests tjat pallid 

st~~geo~ are hybr i di zing with Ehovelnose s~urgecn ICarlso~ 

e t 2.1. ~9 8 S, Sheeh~~ E~ a 1 99 70, S~eE~an et c_. ~997b). 

This hybr ~ diza~io~ points to the fact ~hat 5i~ilar a~eas are 

p robcbly bein g used jy bo t h species ror spcw~ing. 

Examination of shovelnose s t~rgeon rep~oductive b i ology 

shcvls t.he t ~I:cvelr,vse s-:.u:ge~n :::. y~,i::=- .!. ly spawn over rock, 

dams Moo s : 9 7 ~ , Ee_ffis 1974). Shovelnose spawning ~ a~ ~ ~a~, 

;:he2:"e:oYe, s eems 
_ _ 1 __ 

!-':::' ___ :....l 



sp~ i:;g- :: _ OW5. 

d ie t (Cc.rlsGTI e~ c.l, :...9:- 5) I C~ec.tiI!g f~vor2ble f-sed':":n g arees 

i~ the WDB habi~~~s, 

The mos~ l~kEly explan5t io~ , howeve~, ~a y be t hat 

~e l l i d sturgeon were u s i ng t h e WD3 habi~ats d uring h igh 

The WDa areas may prov~de 

l ower vel ocities than the MeL an d MC3 areas tha~ were mo=e 

:::orru-p,only used tho .. t h e WD:a ha'o i tat during t he other secsons, 

~~ sho u ld be no~ed, however, ~ha t if this is the caSE, study 

fish were apparently not seekin g ~e=o-current habit~~5 such 

::0.5 'C .. e WDJ a:ecs. Ra ther, they were see~ing 2reas wi~t 

S':':1 C E otr.er red 'J ced CLrrent le a:::: ':;' :at,5, 

:;: l aus i b l e . 

-'0 



~ Q~s~~nct:o~ needs to 

~~bi:a~ use, :n the c ontext o ~ ~hi5 s~~~y, 

=~fer5 :0 :~e areas w~e=e s~u6; s~~~qeon were l ocated. 

These are 

f,c..o:.. ta t. t:ipes where w'cte~ ''';'3e c:-,e.nges or habi ~2t mod~fi cc::~or:.s 

Lle -::d t o ~e ca=efiJl~y exa!'"!\ ' ned '::o r their effec ts 0 ::1 pc.l.i':'ci 

s ~~!geon be~2use of the high probabi l: ty of the ~ r p=ese~2e. 

~~bit2t selec:~on ~~kES i~~o acco~nt the avai l ability of 

t~e h2biLat and compa~es LhaL ava~l ~bi lity to the amOW!L 0: 

?1C3, - 'i'j 
---f c: 

seem '-



---~ 

~~ is co~~c be du e ~o 

Mea ma y ~e du=ing high river ~ lows. 

~he I TD habi~ats could func~ic~ rr~ch as 

d~ :~ed:~g f ocal points of ~=c~t (Hunce~ 1 991 ) wit~ the 

s ~u.r geo:! t: s:':-.g -:.;.e.se h=-bita~s 2.S nre2.k.vJater st~uctu =e.s wi th 

~(r ..... 'e:r velo-:i ~':'es ..,;-hi1e =eecing on i n ver-:er::a.ces and sma:'l ::'5:-. 

oeing swe?t o~ t 0: the side cha~nel. 

N:-:i 1 e the stucy :: t urgeon "Jer= :Lun:i ~,ost often ir. t:1e 

MC~, the study f':'sh e xh ibited se:ec~icn agai~5~ ~he MeL ~o~e 

~:;an c.ny othe= habi ta t . 

MC:., -- ......... ---
•• ~_l.O .... 

-=,--



~ eSpcra~;,.;.:::-e CC::-l severe ly af fec~ sw im..-r\2. ;)g 

temperat~res 1e53 tha~ 4 :~ (Sheehan e~ c_. 1994, ~~ee~an e~ 

cl. :990). ~abitat ~se and se~ec~ion by pallld s~urgeon, 

however, 2~?~a~ed to be ~~~~mally af fec~ed by tem?Era ~u =e 

c.DC. c':'s :::--:'crge in t~e l1!.':iR. The only ~emperat~re or d is=harge 

rE~~~e where ~~~i:a~ use di~fered from t~e nor~ was d~riDg 

sp~~~g months wi t j water 

:r.C'VE:T.e::-.: . 

-
~----

~err.pe::-2tD:::-es between 4. and 

33 
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c.re~ . :J. weve:::- , :.n ESe ::5:1 

MovemEn~s of t~is ma~ni~ude 

riveri ne condi tions ~ n ~ is s~~tJ area rc.~g~ n g free ~ear-

9ri5t~~e stretches o~ the Ye~~ow5~o~e to more le~cic 

strEtches of the M~ s50uri ~t" :=c~ hav e been i rrrp c.c~ec by ::0:::: 

Pec k Dam . With differen:: habitats ava i labl e, _a=ge~ 

~ovenent s and home ra~ges m~y be ~e~e~~cial for 5tu rgeo~ as 

~tey c oeld e==ic~e~:~y se~rc~ =or pre f e rred areas. Eabi:2.': 

in t h e MJ.'v:"'-::Z is e.xi:reme::"y ·Ll..",: ifo rm as the river r.es been 'r_igr_~:/ 

arec =.s 

Some 5easo~a ! t=en~s WE~e ob se=ved ~- :~ e moveme~~E of 

34 



,-.c­
"_ 1. 

:J~c crnber ::> ~a.:-ch ::::.e s tUc.v stur; e o:-_ IDede S":"Ohl ciowns::::ccIr_ 

:!T\C'veme:1::s. Dai:y ~~an d~5char ge dur~~g thesE mc~~h5 was 

Logica ~ lYI t~ese ?e~iods als~ ~ad the lowest terr?ere~~r6s 0: 

tte study period. 3:r ambl et~ (1996) fot::-:.d that pallid 

::: tu:rgecn hed s ':' gnif ::' can-;:_ y ~mel2..er !1Cl:.-,e ::::-anges dur ing the 

w~ ~ter mon t hs t han d~=in~ t~e rest o~ the yea=. E= i c k so~ 

(1992) f mmd t::-Ja': p a l l :'d sturgeon :no·v-ements i n Laj :e Sherpe 

were pos i t i vely co:- :-elat ed wi t h t empe r atu=e, end p alli d 

E t'.: r~eon move::i t h e _eas t dGr in.,} Novembe:!:" thrcug::' .z;,.D:- i 1 . 

Erickson 's st- dy W2.S c onductec in 2 mos tly 2.e::.ti::. 

_= pc :' :' id 

se::::~n~ WOLl d ~ove or be mov e d 

:'h e se 

:: .J.e 



r. ::' g~-. e.s:: c : .]·_::e . ::::-:. c Ls o:1. 

Th ese \.<,'Q r c 

c:: n.'::"c::.- 2. e v e l E.ddi-ciO:1, Cc.:..l~' 

pe::-:. ::: : . 

,-..5 ::.revio L:sl y discL:.s.:::ed, tempe :!:"c.t:u ~e 2r!d dai':"y ~e2T'. 

ci sch E.r ge leve ls di d not seem to affect h2.bi~at se~=cti:~ :..n 

However, sess oTI 21 movement pc~::ern.s 

:0' r':"ng perioc.s 

0:: _ow C':"sch2~ge 2r!d low temperc.tu::-es, i.e., :.~ win~e::-, 

st u d y fi sh appearej to move downs t ream. [~::-~ng pe::-iocs of 

MM.:l ?2.':"':" i d 

Goa: 2 - Obse=v~tions on habi t at of s~urgeon spawn~ng S:"l:e 

near Cheste~, Illinois 

C.Jl.::"c:. .::: -,;sec _ .. 
- .: 
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· . 
c.:)s s~vc :: c::-.s . 

Management Implications 

Sab~ta t :css and a ltera ~ i on i s believed to ~e tje 

~~~m~ry cause of the dec_ ir.e of t~e pa~lid s~~rgeon. BC~.h 

~ issouri and Mississippi Ri v e r have b een high ly a ltered by the 

~c~~n9 been high~y c hcnnelizeo (Dryer BC_d Sancvol 1993). 

'o-e::y little n a tura l , pris t :'.. n e f";abitat s t i l l ava i lable it is 

tiff i cu lt to oete~i~e c:: i ~ic~l ~abit~~ needs for pall~~ 

.st\Jrgeo~. 

'':'5-: . 

.::.aD :" : ~: 

JvlC:" ~:-,d MC3 :-_~ ':' :a -::.s . 
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· .', . 
:':::: .. :):":'2.. L. s thi s st·joy. 2. 1 t e ~ 2.;: ':" :rr_ 5 

r. 2. ~ming paL.:"c s~·..l~c~o:-: p()~ula::ions c..;:, t:r their i ~:requer t 

;se of t~e 5e 2.~eaS. 

TH.!li l e the MeL i.s t:-_e a:-e2 of hi·~hes:: use by MMR p c11:..-: 

5~Lrgeon, ~he habita~ se:ectiv~ty a~2.!Y5is Dre se~t ed here 

':" ~dicates that ~~e ~T~, NCB, 2.~d WDE 2~eas ~ay actually 

repre5e~~ prefer~ed ~ab ita~s. Th ese ha~itats s hould be g~ven 

s~Lrgeon habitat as "Lhey may be o~ critica! importance £0= the 

Re5t~ra~':"c~ o~ these hatitats 

ta~ ita::s sho~ l ~ rem~in 2. ~ osus si~ce li;::le is known about 

:::-_ '2.11\ • 



~iter2ture Ci~ed 

lJ: . . . , 19 S4 . 

. . ' b ' ' c.. :", s :,::-:, U:' :CT; , 

5:-clnblet t , F. G. 1996. ~abitats and movement s o ~ p~l: ~d 

e nd sh ~)Ve lnos e sturgeon L . t h e "fellows':.one and ~'::"sso "=- i 

~i ~E=-S, Mo~tana and Nor~j ~akc~a. 

cii SSen:a :':"c'!"c. !'-iontar:a S~c.te Uhiver s':'-;:y - 30:err..s.::-. , 

Ca.iT,?torl, D. J:..,., .'D. •• L. Gar:::..2., 3. W. Bowen, end r. A. 

:!.99 5 . Gene~ ic eVeluc~ion of p211id, 

S. pj ar:o:y.'1ch ~s, a:<d S. su :': :kusi) based Co:! control 
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Coope:::-a~ive ~;=-2ement No. 14-48-0006- 94 -929. 

1 9 81 . 

L.:e hi s~ory r:h e and shove =.. __ os e 

5: ~ = geon s i n M ':'ssc~:-.:'... :i::'2.1 ?-epo:::-t. 

5. 
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~~yd~n, R. L. a~d B. R. Kuha jda. T~reatened fi~he s 

Moos, 

·:,.i [r..e wo:-ld: Scaphirhync h us 21bus (Forbes & 

Eich a::::c.son , 19C::: (jl..c :'~enseri.d2.e) ~nv":' :r 0 :1men t2. 1 

:'978. Movemen: a~d rep:roduct~on of s~o~el~o5e 

sL:rge: o .. / Scaphirhync.1u s p.2a.t or ynchus, i!1 t !1E Hissou :::-i 

216pp. 

GEne L ":' c i de ~ ti: y 

0 __ ' T"," ' c;.- 1 _' ~ d ;::>_ T1.C. SJ'~_0\i'~ _-"t"'\_ '-,5 p;. 5' -_"_l'" -;;:>or,. ( SC -,...,n .; ~)I v n -r-> " $ ~ :-"U <:. - _ ~ _ -,, ____ .... ~_ - c:..r-"--', .. :"'- .. L; C'_ ....... _ 

" .t\ . 0. and M. 

2.-': s . 

Cope':" a 

~.V1, 

41 

2.9S3 : E96- 70 0. 

V~-,;~-
-------1 =.::d ! . 



'- . , s. ;::: -',"IT ' .--Io..ot _ .. _~ . _ __ ) 

1.. .':'';':- _ ey . l~':" Qd :" e 

C2:-bo p. dc.~ e, I1L.!.c':"~. 

A. ena K. :-::ur':"ey. Gu~ de to ~he pa:" :"~ d 

s:;:uc ~' ishe::-':;'e.s 

B"L.:. lleti!"l No. 14. So~~hern Illino is ~n~versi~y a: 

S:reer.cn, J. , R. C. Heiciinge::- , K. L. ET!: J. e y , ? 

and" .n.. Schmidt. Middle M':"s~~ssipp~ Rive~ 

?c~l ~ d Sturgeon ncbito~ Use Pr oject. 

Un~ve:-s:~y ~~ Carbondcle. ?illnual perfOrID2nCe repor~. 

'-' . , W. M. R . 30der..s:'einer 1M.. Scr-!Jl\':' ci t, 

• COL/ 
- .;; - ~ . 

:::e-::o:--I. ?- 7 9-~.-6 . Cc.:-joncic. le , - - ... : -.!. ___ .d 

.... . , W, 1---;. D 

~0qsdo~, a~d ? c :" 9 9 0 . 



l?S::. 

S:,:c.uss, ~' .. E. : 979. Relio.::. il i t.y estimc.c:es for Iv:"e-~-' 5 

elec ti vi'Cy ':' •. de:-:, :::te fo!"c.ge ratio, 0.:-;0 a pro;.ose:i 

~inear in~ex of f ood selection . 

. :"Ll1lErican ?:.. she~ i es Soc '::"et.y 1 0 8 : 3 4 4 -:: 53 . 

WC.~SO;"1, J . Stewa::t. 1991. Lowe:: Yel ~ ows: o~e 

43 



. . . -
~:...=:e:re~: ~a=::o~a=~~ars === 
MC ~ = ma~~ c~a~~e:, M(3 = rna~~ c~a~~e~ bor~e~, WDG ~ wi~; 

C ::.2TL 1":':;::S-:!"-::2.IT., Ie: = wi. ::1 r; c.=:...r."T\ C: "",-:-.s 'C::ea:m , W':"-ij = ·w:' n g C=-.TU 'C i p 
'ps-:re 5D , W'E J = w:' . 9 -:~? c::-'/Jr.:::::::e::.rr., WD:2 = betwee::1 ",':"':1g 
~a~5, I:n = dcwc~~rEa~ i~:a~d ci~. 

:1\1 . 

Irv DD 
ItVDT 
WD3 

Mca 
MC L 

:;:"[ "~~~-:re:::.::l a:!·::: ::.nside of I.ip 0: "\\; :ngdaITl 
561 It downstrea~ a~d inside o~ 'Cip 0: w:'ngdam 
144 ~: r~dius a~ound tip of wingd~~ 
~l~ a~ea be twee~ an d inside 'C~ps of 
co~secu:iVe wi n gdams no~ o therwise delinea:ed 
3 93 ft radius a ro~~d downs_rea~ tip of i51a~~s 
294 f'C :::om 5hore l~cy.i::1g wi n gdams 
al l are a no t ot~erw~se delineated 



~=:~=: ;: ... " ;-=-=.:- -=_92 ·usE;d -: 0 52-.:l"~~e ~ rwe ~"~-:~.-:~·.:"e ~c:"'l :"' ::: 

5 -= -__ '~eC' l~ .s,;-cv.l~: ~:-~~:; s~ --=- __ c. -= C!le~ _:::-, : ~ 2.:" :-.0~S J C:''':::- :':-'lC .3;-=:'~-'2 

c-: 20 1~ C . 

~.:::- 2.IT'.::t e ~ ),\j c -: 
:e~p (C) .;:::- -----..... L.c...,:;;:;,::::: :'!"edged. (~_: S'5t.s (,"I) 

1 7 ~ 6 4 

!,/27 2 7 :2 1 497 j 

27 5 9 9 472 3 

20 12 1 ::::·04 3 

S'Co.ge i n rE:'3'C abo'v-e ::::.2::--=--:-, NGVD a'C. Cheste:::', Ill:..nc':"s, 
~SGS g2~~ing st2t.ion number 07020500 

A • 
..,~ 



'l'dule 3. MeL15L.i c and fvIorpholnrtric measurements, and CharacLer index (el l vaJu e s [ll r 
p al l iLl sLun:leon Clild PuL()live l1ybriJs captured in the I'Hddle [v)issl:..;sippi. Rjve r clur i n ) Yp ar 
5 a n d nul ill\planl.:ed with a sonic trrtTlsmi ttec. All measurements ace jn mi 'lllmc LeLs and 

q ra ms . 00 = ou t e r .bcJ.r):'c.'1 mean length, I B = inner barbel mean lengLh, HL ; hedd Jcnqlll, 
MIll 0- mouth t n jnrH?1 /),"Jrhel cUstance, and IL = interrostrum length. 

- - --
S La llJD nJ We ight E'in nay Co unL5 Vr nl.l-El.l 

Length (mill) (g) CI OB/I8 HL/Il3 HL/MIB IL/I8 IL/M18 Ana 1 Dorsa l. ScuLes 

559 725 , 7 -1. S8 2.04 7.35 6.00 2.98 :2 .43 39 27 No n e 
5S 2 635 0.06 1. 40 5.16 5.16 2.13 2.13 36 23 few 
GI0 952.5 -1. 46 1. 70 6.59 ::'.39 3.07 2.52 37 29 Few 
669 997.9 -0.:)1 1. 73 2.55 2.68 2.28 2.39 37 24 P"'W 
6 91 -0.35 1.79 5.11 ~.11 2.05 2.0~ 35 24 Many 
633 "12 2/1.7 -0.39 1. 7 7 4.56 5.00 1 _ 85 7..03 J I 25 tvl iCHJY 

699 - 0 . 55 ] .58 4.09 5.94 2.07 2.51 36 26 Ma ny 
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~c.ble 5. Su.!)si::-a-ce :::::rpe c."t :. )cc.tions ',-Jhere pc.L .. id s'c·u.:rqeon 
WE~e f ound in the Middle Mi ssissippi River. 

M d/S i1 t 
0:'- . 
...:~nc 

Cou:-se Sand 
.5a.nc..!Gr ave l 

Gr a vel 

ObSe .!"V2 ~ ior.. s 

3 
45 
1 
5 
1 

?e:-cent2.gc=: 
:J .:J 

8 1.8 
1.8 
9.1 
1.8 

c~ . .:.. -square gooGr,es s -c;:: -:::. t ::- es"j,,,:, LS c ompa:- ing 
c.':"s t riD'Jt ior; of ha~':' tc.i: '~se"LO c. i s;::ribut:" o r;. 0 : hab:"tat 
;; V ;;'_"_~ 2 t _ ;::> h" -.,m ...... -~;;.~··~ c -r~ "' .. m~ v' > C~~Ti~-1 _ ~ _. _ ~ y '- __ r-lc - _ I... __ ~ _ c '::' __ C. /. _____ c._ 

~~~.:..~~:es s':" g~i f~cc~t SE~SC ::':" O~ occ~= :-ed. 

Terr:pe r a ::·.1:-e 
;'e g :::":r,e (Gel 

u- l! 
4- 1 0 

:" D-_ O 

=-sc.~ 

90 . 3 

--t! -_.5 .• .: 
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6 
6 
6 

C;: .iti .:c.':" V2.l"c.e 

2. 2 . 39 
. 2 .39 
::'2.5 9 
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c~ 5 ~ :: it',l "::.':"'~n 0 : [,2.t:... :.~:: L.~: "[C dl = 'Cr ': bu :.~ an c : ~ _aj: :'=.:' 

c.-,=.':'':''c. ".:Ji e "=:Jy c: scne.~ge :::e~!-:. !:le . ~ahr, me c:':'i.2..rn , ~:1ci ~,'::"';h 

c.':'~c~J~.:~e ~eg irr,es h's::-e 0- 165,OOOi 165,0 ('1-27 0 ,00'); 2.:!'c 

270,000+, rE5pect~ve~y. 

::> :. :: c ~-. c. r 9 e 
?eg':'me 
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~E:::i':'um 
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6 
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:~se~~~~~~~s S~bs2~~e~~ ~: re~ease o~:y. 
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9 

21 
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23 

7 
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12 
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2 
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11. 9 
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21. .... 
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3 ~ 6 
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~as~ ~~~~=a~es a ~wo ssco~d ~ause ~ n p~ ~3e C!:~~ as ~2r: 
cf :~e :=a~s~i::e= code. 
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Introduction 

S':urgeo::-_ :-::2.bitat Use P:rojec': year f~vc aJiJ1ual perzorrr"lance 

report (SheEna~ E~ 21. 2001). Specifically, LDis supplemen~ 

r eporcs ou r find ings in ~egard to pa l l : ~ stu~geon u se of 

river reac~es wit~ bendway weirs in t h e m. 

Methods 

Goal 1 - Habitat Utilization and Movements of Adult Pallid 

Sturgeon In the Middle Mississippi River 

Daca describing lo=s=~ons wjere we found ~a: l id 

sturgeon ~n our habicat use st~dy (Sheehan et al_ ~ O Ol) were 

re-analyzed to calculate a S~rauss's ~inear selec~ ~vi ~y 

:"nce;>: (~~) (St~auss 197 9) vaLlE =c~ -Llse 0: be:-J.dwc.y-w-: i ::: r ':'- ; e:-

?~e fo~u12 ~sed for L: 

£:'e16:, oc c '.lp i eCi. .,...... -

-i values ca~ =a~2e =r~rn 



:: a~: :.. a :. 

s21ec~ion, 0::- se lec~i8n agalnsc, a give~ hab~ta~ . .z" ch :" -

~.:;·...!~::::-e tes't ",-c.s perfo:::-nec to ce t e rrr.:"ne wheth e::- ~he 

p~opDr~~o~ of us~ of r~v== reaches wi:h be~dway -~eir fields 

by pall:d s~ rgeon wc.s sig~i =icant ly cifferen~ from the 

proportion 0: berc·.vay -weir field river reaches ava. i _able in 

c~e st::-etch of MMR scuc~ed. 

Be~c~ay-wei= loca~ion and co~s~::-uction daces were 

ob t a i ned i rom che St. Louis ~istrict u.S . prmy Corp of 

~ngineers o ::ice (3rian L. JOh11 S t OTI, !'NS), so t:-:'::.": benclt.7ay-

weir f i e lds coul d be delineated in space c..."1d time. For cl:.e 

pt.:.rpose of :::-:::'5 analys i s, the pa l _id 5t"G.rgeon ioca:io:r:s daca 

set was r~s::ricted to t~e port i on o f the =~v=r t~a~ re~eived 

~he mos': :ra6:i:lg effort, River Mi l e s 94 to :23 (Figura::'). 

::-lot bel i eve Ke had s · ::icier.t sc.mp _i::19 (i. e . , tr:. '=;~ :::':: g) 

Co:"'. ~ac ts were ccn.::n:ec. as je:'ng :"n a be:Jdway-weir f :'e1d 

'"'­w_ . 

Tnese f':'E::'c.s 

?2.....!._:""::' 



cha ::1ne l . 

fi e l d ~iver ::-eac::,es \las co:n~ared grE.~::>ni ca l_y wi.;:.~ ....J~ vc..lues 

'see Shee~an e~ al. 20 01 ) 

1JC:J.oway -we::' y f ':' e.lds, l'1C = ma in c h a nnel) I'1C3 = ma i D c}-.ar-,:1el 

bcycie~, vIDU :::. wi n g dam upstream, VilDD = wing aa.Tfl downs tream, 

= between wing dams. 17!J = downstream isla:1.d cip (?igure 2 ). 

Results 

Goal 1 - Habitat Utilization and Movements of Adult Pallid 

Sturgeon In the Middle Mississippi River (addenda) 

to 1 May 2 0C1 wit~in the 30 rive~ mi l es exami n ed to 

"'::'-sterrr.c'.n 9 ~e:1dway vlei ::: '.:.se. S l e v e n 11 1) of t:~"1 ose co;)ta::::s 

were ~ithi~ the r iver ~eac~es occup~ ed ~y ~je t wo be~dway-

·we':'!" :ields. ::-_ eS2·.:::;ce r ;,:>enavvay -we':"r reac:~es compr:"s ec 10% 

. ... . . 
:1a.::n ::5;:. , 

t~e t':'me. 

.Z:. chi - s c;uare 



',' -
C::::-1C:'::G._ 

v~:~e ~iti 1 d~ = 3.E14; alp~a = 0.C3). 

reacj es of river i~cluded MeL, MeB, I':'''), and 3'l®. '1" __ ""!.e study 

s:.u:::-geon s h m"re d pos ':' ~i ve Se:ect.~on fo::.- I ~::l. ::::-a._k o::::-:5e~: MCB, 

2.':'D, WDB, and vEY~ :;'ab i c.acs. 

negative s e ~ec ti on : or-, in rank o~der : l-1CL, VmD, iIlVU, BWW 

(TiO'Llre 3) . 

Discussion 

Goal 1 - Habitat Utilization and Movements of Adult Pallid 

Sturgeon In the Middle Mississippi River 

S t udy p al i d st~rgeo~ were loca~ed app~oxima~ely 8 % o f 

£.::.'21·::.':' . 

wer~ ~sed, i~c luding ~ne ~ _L habitat. \i\l e have c oy: s'::'s~entl~,-

O 'J. ::::- s t ".lay; } 1C3 (11%) 

j 



3endway weirs de ~O~ 
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=~gu~e 2 . ~ab~~a~ ~lassi=~ca:~o~ scn:me ~sed to desc~i~e 
t~e ~oca:io~s 0: pa~l:d s=u~geon . MC~ = main cn~~m el, ~C3 = 
:ll5..:'n cha ::-_=-_-==~ bO::-Qe~ , ;. ~U = \N~~2 darr. ·..1:;:>S~:::-earn , \l\i"DD = ........ :.ng darn 
do"v,~sc.:-E:am , \Ai'I"J = W:'::1Q dam ;: l.p ups;::ream , "vI;T~ = Vc':'ng r..:"p 
c. :>IJ..-:JS ~:::-E:am, IA!DB == ~e:.ween wi71g dams I ::: 'I'D = dm';TJ s ;:ream .:. sla.::'Jd 
'C.c..p. 

• lTD 

• MeL 
WDB 

• • WDT 

-WDD 



: l ;'..::::e .;" =-:.::- a'.,:ss 's 1 i:-2.ea::- .3 =- ~ e:: -:::. -,-,:, -:.y :..nG2X (LJ VE, :"'cles 
:0::: sac::l r a.D ':' ~c. :, :.y-pe .:..:-2. :'~'1e rnici.c.~e l'-1iss':"ssi ppi ?,':"ver from 
N2lverrl:::.>er :' 9S-S c~';.~oug:' _!;,.p~:l 2(' 0 1. :?os':"-::.':'-,ce v al'J.es r2:92:"eSe:',:' 
se:ec~i~n for c. h~~icat w~':'le ~e;~~ive va_ ue s repres2=~ 

se~ec:.io:! aga':"~sc 2 ;-.l.c.bi tac.. 3iti'V\1 = 3e!'.::l'v.lay-li\leir =ie~6s, 11C..J 
:: rca':' L char::1s1, lC3 :: ms.i n charI_e::" ":lorder, WDU = \\<':,:"g dam 
ups trearn, I"iTID :: \I':'..:-,g ci.am dowT. s :'::.-e aTn , 1A7TtJ = wing cia=-:, 'C.ip 
L.:ps:,Yeam, WTD = w:':Jg -cip dow-nst~e2.m, iJVD3 = between wing 
02.:7.3, :~D = dO-I/,r:-:s~:::-eam is::''and ;:.ip. 
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THE USE OF HlGH EXPLOSIVES TO CONDL'CT A FISHERIES SLR\'EY AT 
'\ BE~D"\'A Y \YEIR FJELD 01\ THE MlDDLE ~llSSISSIPPI RlVER 
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l .S. Army Corps of Engineers. SI. LoUIs DislricI 
1::2 2 Sprusc Streel 
St. Louis . MO 63] 03-~S~~ 

Michael D. Petersen and David P Herzog 
Miss(lL:ri Department of Consen Lll ion 
Long Tenn Resource :vlonitoring Program • 
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3815 East Jackson Boulevard 
Jackson. MO 63755 

Abstract 

Fi sh sampl i ng. ina deep-waler, hI gh vel oei t y, en VI ronmCnI is extremel y di fficu It. 
Conventional techniques such as electru-fi shi ng and netling have been Ilmiled to depths 
generall y less than 7 mClt'rs and veloci ties below 1 meter per second. 

The goal of our study was 10 sample a bendway weir field on the MississIppi River to 
assess the effects of the \ve ir field on the fisher} ]n a bendway weir field, depths can 
excee.d ~O meters . and velocities can cxcc.:;d 3 meters pc)' second, making conventional 
sampling techniques inefficient. 

A I 52-mete.r section over a bendway weir field \-vas blasted using a series of 3.4 kg 
ch:.trges of T -100 billary ex plosi ve. PreparalJon for the blast (placing charges and catch 
nelS) , look apprm.illlately 6 hours. A total of ~17 .fish wi.!~ captured. representing 12 
differenl species. Freshwater drum (Api<nlillotliS grunn;eJ:s) dominated the catch 
compnsing 35 .Slii of the total catch. followed by gizzard shad (Dorosol7lC1 cepediw7lI./1I) 
(27 .2%) . Jnd blue calfish (lualurus furcarus) (16.69(.). 

Introduction 

Bendway weirs (Figure I) are low-le vel rock s{Juc(ures designed to create a variety of 
improvements 1.0 the navaigation channel in the bendways (curved reaches) of large nver 
systems. The) consist of a series of submerged rock dike~ (> 3m belov.: the low water 
refErence plane) constructed around the outer edge of 3 river bend. Each dikes IS Llr:gJed 
.:Joe upstream of perpc~dicular to diven flow, in pr(lgression, toward the inner bank. 



The- structure_ are designed to redistribute nmv and seu:mem withjn the bends to reduc ~ 

or eliminaLe dredging requln:ments in nver bcnd~ by -:ontrolling point bar development 
(Da\'inroy 1990). The redistribution of flow produces safer n~vigatlon conditions and 
has significantly reduced the number of acciden~ ~ in each bend (Davinroy el::11. 1995l. 
The channel harlom aflccled \:Iy [he dikes !-IJ.S lncreased SlrUC1ure and hydraulic variation , 
both poslljve changes with respect to aquatic habita! J)\ 'ersiIY in the river bends. A major 
challenge thai faced fishery biologlSlS was developIng 3 methodology LO sample fish 
populations within the dynamic and turbulent bendways. In a bendway weir rield, depths 
can exceed 20 meiers, and velocities can exceed 3 melers per second, making 
conventional fish sampling tcchniqlJes inefficient. Fish sampling in such deep-waler , 
high velocity . environments I~ ex.tremely difficult . ConventIonal techniques such as 
eJeclrofishing and netting have been limi(ed \0 depths generally Jess than 7 meters and 
velOCities belo\\: 1 meter per second. 

A deep-water sampling group was formed, made up of V31;OUS interagency members, 
including lhe LS. Almy Corps of Engineers, the U.S. Fish a:1d Wildlife Service. the 
Missolln O(,]'~ Lrtmenr of Conservation. the Illinois Department of :\'~ltural Resources , ,md 
lhe LTnivcrsily of Southern IllinOiS Department of Fisheries. The team, comprised of 
engineer" and fisheries biologists, developed a deep walcr sampling stralegy th31 included 
a combin:llion of hydroacouslic surveys and blast fishing (Ol1vinroy et 81. J 998) , 

The LIse of explosives \0 collect fish is not considered (J "st:lndard" fish samplIng 
technique in the United Stales (l'lelsen and Johnson 1983). However, ex.ploslves have 
heen successfully used 10 conduct fishery surveys in a number of different aquatic habila[ 
types (Table 1) and have been found efCcctive in Jarge river syslems where sampling is 
di fficu II usi ng con vent ional techniques (Forbes and RIchardson 1913~ A verert and Stubbs 
J 962; Hesse er aL 1979; Rasmussen et al. 1985). 

The goal of our s(udy was to sample a single weir JI Price Towhead weir field, J 

bendway \veir fIeld on the MIddle Mississippi Ri\cr. to determine [he species 
composltion at the bcndwily weir using both hydro,lcouslics and blast fishing . The 
hydroacoustic survey \·vas conducled to provide quantitatlve Information on fish numbers. 
location , and size: however, hydr08coustics doe~ not provide infonnation on the species 
being observed. The blast survey WliS conducted 10 identify the lish species present at the 
bendway weir. Ihus complimenting the hydr03COUStlC sun'cy. 

Materials and Methods 

On ~O Seplember 1995, a IS2-meler section over a bendway weir (Mlssissippi Ri ver Mile 
30.0) <II Price Towhead weir field was surveyed with explusi ves to document fish use. 

ExpJosi\c . [BLAST (Coastline EnVironmental Services Ltd J986). a fish mortalilY 
model. was used 10 determine the ex.plosi \it charge size required 10 ki 11 fish \vithin 30 
meters oflhe blast. The calculated Charge weIght was lhen increased by 113 10 ensure 
monall1Y. r!sh sampling blasts utilized 3.4 kg charges ofT-.OO T\.vo Componenr {green 

"'I 



sticU explosive ,md imtimed by two Atlas #8 Instam2neo'JS electric hlasting c.:aps. Slun'Y 
E~~plosive Co~on.\ti()n·s T-lOO Two component 1S n w8(er-rcsistam, Cbss A. hIgh 
explosive with a U'l relatJve bulk su-ength equIvalency to ammonium oltrate :J.nd fuel oil 
(Al\TFO). It has a detonalJOn veiOCHY or 14 meters/second and a densi t y of 1. ~:: gIL m3 
(SlUff)' Explosi ve Corporalion 1991). 

A 1 ~. ~ rom steel cable \\1 as attac hed to a 680 kg anchor and a buoy on the other end of the 
cable 10 keep the line taut. Fi ve sticks of T -100 were attached to the cable I. 2 m above 
the anchor. Two blasting caps were attached to each exploslve charge. A kill area of 
30 . .5 by 91.5 m was divided into five cells of 30.5 (upstream-downslream) by 18 .3 meler 
cross current. An anchor/charge system was placed al the cemer of each cell . Thus. five 
3.4 kg charges were set in place on 18.3 m centers along Ihe cenler of 30.5 m upslream­
downstream areas (\5.2 m downstream of the weir toe) usmg a c.rane operated frem a 
wOl'k borge. 

Fish Re.coverv. Six chase boats and sixt~'-eight catch nets were used to capture fish . 
Each chase boa! had a minimum crew of three, a boal operator and two dip nctters . The 
cateb nelS each had a 1 . ~ m diameter opening and either 4.7 mm or 18 .8 mm inch mesh . 
The catch nets had a bridle wJth a swi vel clip 10 keep the. nel from fouling in the current. 
Catch nelS 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 cable to keep the line taut. Catch nelS were at 3. 9, and 15 
meters above the anchor. 

Con\'cntJonal Fishery Survev Methods. On September 26, ] 995 tratlines, gillners, and 
hoop pets were deployed at Price Towhead bendway weir field for approximately 24 
hours . Two 91.5 m troth nes, each wi th 50-hooks bated wi th cut shad were set parallel to 
the shoreline at River Mile (R.M.) 29.8 and R. M. 29.6. Two 45 .7 m gillnets were sel. 
The fm,t was set below the weir, parallel to the shoreline 8( R.M. 30.1 and the second was 
set a! R.M. 29.8, parallel and downstream of the weir. Th'ee hoop net sets, each with 4 
hoop nets, were set al R. M. 30.5,.5.30.5 and 30.3, parallel to and downstream or the 
weir. Each hoop net had a 1.2 m diameter mouth. two hac 37 .5 mm mesh and two had 
IS.S rr)nl me:.:sh. 

Results 

A lotal of 117 fish \\\\s captured using bJ asl fi shin g. represen tin g 12 di fferent specie~ 

(Table 2). Freshwater drum (Aplodinotus gnml1icll.l,i dominated the catch. comprising 
3.5.~ (I( ot the total catch, followed by gi zzard shad (Dorosoma cepedian.wJl) (27 .2 0/0) . and 
blue catfish (lcTalurusfurca!us) (L6.69( l. Mid-water catch nelS and surface collections 
produced similar total numbers of fish collected. Ninety-nine specimens of ten species 
were. collected In catch nets and 118 specimens of elghr species were dip netted from the 
surface ("noalers"), SpecIes composition di ffered by capture method (Table 2. Figure 2) . 
Four species. shovelnose sturgeon (5caphirhynchus plalorYl1chus). skipjack hemng 
(.'110so chrysochloris), slOnecc:t{ \.Nolllrusflm'IlS) and freckled madtom (Nolurus 

nOCZUJ7WS). were collecred only in the mid-water calch nets. Two species. carp (CyprinJ(s 
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C(lvp io ) and small mouth buffalo (IetiDlms baba/us). were collected only in the': surface 
collectior:s. The mid-water cat.ch n elS were more effective than surfzlce collecting in 
sampling gizzard shad (58 \IS. 1 speCImen) and blue catfish (14 vs. 12 specimens I. wh: Ie 
surface collecting was more effect ive in collecting freshwater drum (75 "S. 2 ~?eClmenC. I. 

The lOl a) length of 811 fish captured also varied by capture method. Ninety-rwo pt'J'cent (,r 
the fi sh collected (floaters) from the surface by chase boats were g re4:lLer than 200 mm 
total length. while 100l~. of fish co' leered in catch nets were Jess than 200 mm tOtal 
length. 

Two freckled mndtoms find two stonecats were captured in the mid-water catch nels. 
BOlh of the. e specIes occupy the interstitial areas of the rocky habitat along the river. 
Apparently. these twO species were dislodged from the rock~ by the bl:lst. 

Conventional fish collection techniques (e.g., trotli neS. gill nelS, and hoop nets) captured 
ele.ven fish specimens represeming 7 different species (Table 3). One blue catfish was 
C:)Ughl on the two troullines. Four specimens of four species (1 gizzard shad. 1 carp. I 
paddJcJish. 1 sturgeon) were caught in gill nets. Three species (3 Ilathead catfish, :2 hlue 
caUlsh and 1 channel catfish) were c;lpwred in hoop nets. 

Discussion 

H yrodacGustic studies (K Jsual and Baker 1996) ha \Ie indicated thal bend W<:iy weirs CU; 1 

increase the local abundance of fish in affected areas of the river ch3.nnel by 
appro'\' I malel y two-fold. Kasul and Baker (1996,) conducted a pre-bl ast h ydroacousli c 
survey of the of the test weir in the Price Towhead weir field. They detected .58 fish ill 
the srea surrounding the weJr and estimated the density of fish surrounding this weir at 
2.003/h::l. ::lpproxlm::ltely twice the mean denslIY 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-ward h:~' r'of the weir th:,m ~dong the 
shore-ward hal f. InspectIOn of eclio deleCtlOnS also sugg2sted that in 6 of 8 passes over 
the weir, fish were more often fou nd immediately downstream of the weir {han 
lInmediately upSlreUlTI of it. 

Fish detected in the pre-blast hydroacou~tic survey (Kasual and Baker 1996) vaned in 
size from arproximately _~ to 96 em. Eight echoes of fish thai w~re approximalel y .50 em 
or I ar~er were all found on the dov.:nstream side or down~tream base of the welT. Blast 
fishmg produced four spc.:ies: blue catfish. channel c<llh:.h, drum and bufL:.t.lo th'Jl ~xceed 
50 em lotal length. 

Comp:msons of fish densities (numher of fish per ha) between the hydroacoustic survey 
and the blasl survey are impos5lble. FIsh mortality is species specific (Ogawa et al. 1978: 
1cleki and Chamberlain 1978: Guertner et a1. 19941 size specific ()'elverton e! aJ. 1975). 
and undoubtedly dcrth specific. Because each of these factors can affect fish mortality. 
the kill radius for the tc~t blast was not precJScly known making it impossible 10 cakuialc 

, 
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fish densny at the weir. If JOO% fish mortality occurs within a measured area (i ,e .. a 
sma]) pond. lake. or nett~d off area in a larger lake. stream. or canal). then calculating fish 
density would have been p0s:-;:ble. Howevu. the use of nets to completely enclose (] 
measured area at the lest weir was impossible because of the water depth and high 
velocilies. 

Published. incidental observations indicate thallhe number of dead fish floating on the 
surface immediately after an explosion does not represent [he total number of fish Idlled 
(Brown and Smith 197~: Coker and Hollis 1950: Gilschlag 1997 ; Ferguson 1962: Fitch 
and Young 1948 ; lndrambarya 1949: Keams and Boyd 1965: Knight 1907). The 
proportion of "floaters" to the actual number of fish killec is species specific . but has 
never been documented. 1n this study, species composition differed dramatically with 
re~pcct LO the locatIOn of fish capture. Four species were collected only In the mid-waler 
nets while two species \\ ere collected only in the surf:,lCe collections. The mid-water neLS 
were more effective in sampling. gizzard shad and blue calfish, while surface collecting 
was more effective in collecting freshwater drum . These results indicate that researchers 
have to sample the surface (flo::LI~rs), water column. and i:l slack water, the stream or lake 
bOllom to obtain a total picture of species composition and density. 

Conventional fish collection techniques (e.g .. tratlines, gill nets , and hoop nets) were 
inerrecti ve capture methods in the bendway weir field when compared with the blast 
fishing. EJeven fish specimens were collected using conventional collection methods 
compared with 217 by blast fishing. There were only two species (blue catfish, 3 
speclmens and llathead catfish, 3 speci mens) with more [han one specimen collecte.d. 
The larger number of fish collected using bias! fishing produced a better size distribution 
of speclmens to compare with the hydroaCOLlSlJC survey data. Only 7 spec ies were 
collected using conventions1 techniques compared with 12 species taken by explosives. 
One new species. the paddlej~sh (Palyadon spalhula) was added to the species list by the 
conventlonaJ sampling. The most numerica.lly abund::mt species taken by explosives 
(freshwater drum, 35.5('f) was nor taken by conventional sampling techniques . The gill 
net set paralle.l to the revened shoreline became twisted in the high waler CUfTents and no 
fish were collected 10 this net. 

The shots dld nOI fire flawlessly, Only the two shots neareSt the shoreline (charges 1 and 
·.n fired. An open circuit in down line 3 Isolated ch~lrges 4 and 5, which in lum le3d to a 
IO-minute firing delay for shooti ng charges 4 and 5. Charge number 3 was fired 
approximately 3 hours later. The down line to charge 3 \Vas severed after the circuit was 
checked. when wiring the clrcuiIs together. The cut In the down line was likely due 10 : 
abrasion by the sliff against the buoy; water-[1ome debns snagging the Ime . Of, most 
probably, the continued tWisting of the buoy m the swift currenT pulling on the down line . 
Explosive engineering also proved difficult in the deep water with the fast currents . 

In August of j 994, an atrempt WaS made to sample the same bendway weir fleld using. 
explosives . Capture boat& and a 45 ,7 m long ex pen mental gillnel were deployed to 
capture fish , The net WaS deployed downstream of the blast. After the blast the nel was 
Qone. The rope5. arlaching the net to the anchor buoys had sn:1pped in the hIgh currents . 



Th::: 1.::: m mouth opening catch nets used dunng 1995 sampled only a sm all fracLion of 
Lhe waler column below the bendway weir D"plo~lmenl of large gill nelS would have 
sampled a much larger portion of the water column than possible with the catch nels. 11 
rna)! he possible {O design ~jJJnels to withstand the high ClJn'ems and incf''::dse c<.ltch 
efficienC'~ Because of the high Cll1Tem, small mesh SIz.es mJ-Y be impracltcal. Allhough 
more fi sh may be caplUred. lhey may be larger specimens. Another potc:nti; .. d s,lmpling 
method would be to drift experimental gill nets between two boals thai are moving 
downstream slower than the currents. Should additIOnal bendway weir blast sampling be 
conducted, it is recommended that the drift net capture method be tesred and nets should 
be specl~lll~; designed to withstand [he high water velocities, thus incre;J~ing catch. 

The re~ults of this swdy indicate' fh~l bl(ls~ ~;lJnpltng pwvided an effective technique to 
sample the bendway weir field when combined wl1h the hydroacouslic survey. Blast 
samplmg provided species composition data and the hydroacoustic survey provided fish 
location , density. and size data . Fish species composition and density data would have 
been impossible to obtain using conventional fishery techniques. 
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T;lhlc 2: Fi"h speCIes collected using L;ltch nelS (nJiu-w;J(cr colleclion) and ch:1se boals (surface colleclion) during hla,\l ~.aJl1plillg ur 
Lhc Price TuwhcOId hClldwny weir. 

t-ipcrics 

S hove I nose Sf II rgcun (S( '(fl)" i, 11)'11 dills e/II/OITIIl '''"S) 
C: i nard 511<1u (Dnro,l"(mw C(!I)edi{llllllll) 

Skip,i,lCk helTing (;\/11.1'11 !'IIIy.wI'II'uris) 
C,lI P (eY{1rijlLl.\' WI,/)in) 

S Illall mOll! h hu ffal 0 (lei ;oiJ/iS huhll/IIS) 

S((InCC<ll ('NU(/ll'IIs.flO\'/Is) 

fl'l'L k led Illad((lm (NO/II}'//" II ilCIl II '11//,1' ) 

l'lalhcau call1sil (Fy/or/iclis oliva}';,\') 

Chllll nel cal I'i sh (lelol" 1'/./,\' /)/("('If/lll,l') 

I3luc catfish (/t'lu/llms.!i/I'cc1fll.l') 

Gl !I dey.: (lliot!oJl (//oso;t!('s) 

frr ,,>I1\v,ller urum ;\f1/fJl/iIJIIIII.\' ~m"l1i(JIIS) 

Total 

Catch Ne.ts 
(M I u-WaleI' CollecLion) 

I 

10 

58 
2 
o 
o 
2 
2 
4 
3 

-~,~ 

'1 ... 

99 

Chase Boats 
(Surface eollce! ion) 

o 

() 

II 
() 

o 
u 
<) 

1 

12 
'1 

118 

Total 

11 
6 
2 
2 

13 
5 

~6 

) 

77 

217 



T~lhle I: Puhlished ~luuics or rishcI")' survcys employing cxplo~ivcs as U s;1I11pling melhmJ. 

) labita! S~lIl\pled 

LTpl'('r Illilluil' Rivcr 
('f;\d( I ~ork Rivcr 

II iWClSSCC & Ocoee Ri vcrs 
I3lackwatel' River 
Niobrara-Missouri River 
Upper Mississ ippi River 

SlIIall StrealJls 

Salmon st 1'C":)1l1S 

StiilwaLer Creek 

Ca/lals 

Can,l! systems 

J mpOll II dllll' 1/ Is 

State 

Jlli lIois 
MUll t:ll1 <l 

Tenncssee 
Floriu;) 
Nehr,lska 
lowa/J II inois 

OklaholllJ 

rllli ida 

Florid:, 
1I1il1oi:.; 

Explosive Type 

dynamitc 
uyn;!mi Ie 

dynamite 
detonating cord 
detonating cord 
detonating cord 

(lei on::lli Ilg cord 
(klOnaling cord 

dc[onaling cord 

dclonaling cord 
(.kll)llating cord 

I J 

A UUlOl'S 

Gorbcs & R i(.h ;1 rdsoll 19 l ~ 
,\ verdl & Sluhbs 1962 
Stubhs ! !J64 
Bass & J-Jit! 1977 
1 lessee cl aL 1979 
Rasmussen cl ;11. 1985 

P1Bils 1974 
Layher allu Maughc"!ll ! 084 

MCI1.gcr and ShaJbllu 198() 

Metzger and SlwfJand 19R7 
Bayley & A liS I'll 1 L 98 8 



Table 3. Fish speci es collecting using conventional (trotlines. gill netf. hoop nets) dunng 
sampllng of the Pnce Towhead bendway weIr. 

Species 

Trotlilles 

Blue catfish ~JCInlllrll.i.lim::{l111 .\ ) 

Gill Ner.s 

Shovelnose srurgeon 
(ScaphirJn'l1chus plarorynchus) 

Paddlefish (Po/yndoll spall/ula) 
GIzzard shad (D('J"usumn apedionwn) 
Carp (Cyprinus ccllpio) 

Hoop Nets 

Flathead catfi sh (Pv/odiclis vlivaris) 

Chan nel catfi sh (I Clalu ms pUI1CWrll .\") 

Bille catfish (/cralurus !urcalus) 

Number 

12 

1 

3 
1 
1 

Total Length (eml 

19.0 

79.2 
23.3 
19.0 
19.0 

range 24.2-4U .8 
68.8 
38.1,44.0 



Figure L Illustration of a towboat passing over a bendway weir field. 



Appendix G. 

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



RElsults of the st. Louis District Corps woody structure meeting 11/30/00 

ihe Corps of Engineers. St. Louis District held a meeting on 11/30/00 to discuss 
the placement of woody structure into the Mississippi River. Present were 1he 
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 to 
incorporate woody structure into our Mississippi River operation and 
maintenance program. Following that request, the St. Louis Dis1rict has explored 
options to both obtain and utilize woody structure in our programs. 

The Westvaco Corporation has offered 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 vary'ing sizes. The pile is located at the Westvaco plant in Wyckliffe. KY, about 
a mile off of the Mississippi River, and just below the confluence with the O:lio 
River. Westvaco has loading facilities on the river. 

Westvaco cull pile 

The St. Louis District intends to have culled logs loaded onto a flat barge at the 
Westvaco facility and transported the District SeNice Base prior to use. This 
activity is expected 10 take place in place in early 2001. 

Meeting results 

At the woody structure meeting, it was decided to begin placement of wood 
structure as soon as possible to determine what methods will work, or not work, 
for placing wood in the river. We have initially decided to 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 
mobilized and out on the river. Work is expected to commence soon af1er the 



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

Modified pile dikes 

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

o 0 0 0 
000 

In this configuration logs, or a group of logs, are driven in a pattern that allows 
them to collect debris while still functioning a dike . These structures 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 to 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 far down can we drive them? etc. ,). 

Once it has been established what is "doable", we intend move downstream and 
place an unreoted dike al 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 sandbar 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 to splay out. 
creating a structure similar 10 a logjam. These bundles will be held in place with 
the same anchors rocks used to hold channel buoys in place. 

Log bundle struct.ure 



Log bundles will be placed at two sites. behind the L-dike at rm. 165.65R and in 
the back end of a scou r 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 structure. These 
two sites were selected because one represents a shallow 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 eHort and to be present during the placement of the 
structures. As this work is new to all of us, having our partners on site 10 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 314A 331 . 
8146. 

12/5/00 
Brian Johnson 



Wood to be used for the woody structure project, loaded on the District barge. 

Note the large cavities in some of the logs. 



Appendix H. 

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



Sample Date: J 8-20 .l::muary :WOO 

A&IVI Trip Report 
Dike 53 monitoring 

Purpose: Conduct pre-modificallon mOnitoring of an eXlstmg dike (R1Vl :'3.0Ll ThIs work is 
being completed under Avoid and Minimize measure A-J6, dike conflguru(ion studies . Post­
construction monitoring of the dike i~ also planned to detelTnine the effects of the modification 

Participants: Sampling was conducted on the M. V. Boyer and In cooperation w1th lhe Missouri 
Department of Conservation LTRMP station in Cape Girardeau. MO. Present from {he Corps 
were Brial" Johnson, John Naeger, Joe Bumctt, and Eric Laux. Present from the Missouri 
Depanment of Conservallon was M.lke Peterson, Dave Herzog. Jnd Dave Ostendorf. 

Summary: On 18,19. and 20 January 2000 we colb.:!ed m~lli-be,lm bJthymetry. velocity. and 
hydroacou>tic fishenes data at an existing dike located at RM 53.0L. As constructed. the dike 
ex tends 600 fl. inla the rj\'er and hQ~ an elevation of + 15 fl. LWRP 010.48). The dike. which 
extends into the naVIgation channel and is considered a navigatlon hazard, is scheduled for 
modi ftc;Juon duri ng the spring of 2000. Several modification a]icmati yes hJVC been discussed. 
including removing the last 300 fl. of the di ke, lowenng the entire dlke down to -12 fc. (creating 
a weir). or lowering the hls! 300 fr. of the dike to -1.2 ft. while leaving the rest of the dike intact. 
Rock. \'c:mo\'ed from [he dike will be placed on the bank above and below the structure. 

To collect hydroacoustic and velocit)' data, fony-seven transeClS were run crosscunent over the. 
area, each approximately 30 f[ apan. Velocity and hydroacou5tic data w(;rc collected at the same 
time. Hydroacoustic data were collected using a split beam 208 kHz transducer. with a lower 
threshold of -70.0 dB. a pulse width of 0.2 nos, and at a rate of 7 pings per second. Differenual 
Global Positioning System (DGPS) coordinate readings and depth readings were taken 
continually along each lnmsecl. Boat sp:-:eds were between 2.5-3 knots. The water temperature 
was 39'T. Sampling cunditions were excellent. Transects were numbered from downsTearn to 
UpSli\~am . Data sheets (6) were completed on-site . Hydroaco'Jstic and velocity data were 
collected on 19 January ~OOO. Multl-beC!.m bathymetry was collected 18 January 2000. A 
bathymetry map of the. SHe is ullilched. 

Results of the bathymell1c survey show the presence of two holes below the dike. One hole 
CAlends behind and riverward of the tip of the dike. The second hole, which appears to have 
been created by lhe plunging action of water ovenopping the di ke. is located outward from the 
loe of the di ke . The h ydroacoustic and ve loci ry resul15 have not been analyzed) Cl, but ti eld 
ubs("n'atjons showed a Lrrge number of fish using the entire urea behind the dike. with the 
m .. qonry of the fish UStng the. insidE' ·1olc. VcJocicies in chis arc::a. appear to be bel ween 0-2 f( per 
second. A copy of the hydroacoustJc output from lJ'aflsec{ 2:2. through rh~ {Wo noles, and a copy 
of rhe hydroacoustic Outpul sampling downstrea.m through (he inner hole is attached. 

On J 9 Jan uary '2000 the M.J ssouri Department of Conservatlon set fou r ex pen mental glll nets 
(m.:;sh openings ranged from 1-5 inches) below the dike. E:.1ch 300-fl. net was set on [he bottom. 



Cl"'lverage WetS Ii kely Ii mll.::d \.0 the bottom six feel on the v. cHer column, These nets wer.:.: 
rClnevcc.i on 20 Janw:lry 2000. Two nelS wer~' sct in the inner hok. perpendicular to the b'nk. one 
ncl \\'~J~ set pell~encl i ell 1:,;' Hl the ell ke on [he ri dge bellA.'cen the tw,:) holes, and one nel \\ as ~ct 
perpendicul ar to the lip of the dike. Ninety-one flSh wac collected in the mside hole. The 
collection lflCluded 8J shovel nose sturgeon. 3 paddlefish. ::; blue catfish, 3 ~duger. and 1 gOldeye. 
Twemy-fiv e fish \vere collected on the Lidge between the tWO holes. AlI.25 were qurgeon . One 
appeared to be u shovelnose sturgeon/pallid swrgeon cross. Ten fish were collected in the net set 
off the dike tiro This area likely had flows higher than either of the other net set locations. The 
to fish includ~d ~ paddlefish, 4 blue catfish. and 2 shovelnose sturgeon. Lengths were collected 
on all fish. Result!' are anached . 

The fisheries dala for this project are being analyzed by Aquacoustics, Inc. Detailed bathymetric 
and velocity maps v. ill he created by ED-S . This information is being compiled and will be 
presented in a more compkte report upon receipt. 

Submitted ~6 .l311UUI) , :2000 

1 

BRIAN JOHNSON 
Fishery Biologist 
Planning. Programs, and Proje~~ t 

Management DivIsion 
Environmental and Economics Branch 
Environmental Section 
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Appendix I. 

Middle Mississippi River Side 
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MIDDLE MISSISSIPPI RIVER 
SIDE CHA1'\TNEL REHABILITATION AND CONSERVATION VISION 

A. lJ\7RODUCTION: 

The Middle Mississippi River, for the purpose of this document extends from the 
Lailwater of Melvi_n 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 [0 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 Island 
side channel, we have modified the historic definition to include this area. 

A.l 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 aquatic 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 large investment of resources, some require only 
monitoring at thjs time. Others, however, require substantial investment of resources to 
restore their health and proper functjoning within the MMR system. Engineers withjn 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 lIIinols Department of Natural Resources, the 
Fish and Wildlife Service and Corps biologists have the expertise necessary to describe 
the desired conditions in the indjvidual 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 bottomland 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 land 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 
authorities. In other areas, it may make sense for other non-government organizations, 
concerned citizens or private industry to acquire these lands and, where poS'sible, achieve 
the enhancement benefits through voluntary cooperative agreements. Still other areas 
may see this enhancement opportunity put on hold due to management concerns. 
unwilling sellers, and so forth. Where land acquisition may be involved to complete the 
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overa] I prescription, the planni ng team wi II discuss the i ndi vidual area and proceed as the 
situation warrants. 

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

This plan is 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, sandJgravel 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 comprehensi ve plan to address the 
MMR in a systems wide approach. The side channel plan will be incorporated into the 
comprehensi ve plan and will cease to exist as a separate entity at the time the 
comprehensi ve 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 ou-j­
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 actions 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 
(1vfJvfR) where we do not have the constraints of navigation pools to interfere with our 
vision. The more we began to look at the M?v1R, the more it became apparent that the 
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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 dedded to t:l.ke a ~y~tem~ approach. In fun:herance ofthi~ idea, we have developed an 
overall action plan that addresses individual side channels in the concext of addressing 
this habitat type over the entire MMR system. 

B. AUTHORITIES: 

This is a large project. It is unlikely that all features within a side channel will be 
built usingjusr one authority or the authorities of a single agency. It 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 gi ven 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.l 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. 
Ri vers and Harbor Acts of 21 January 1927. 
Ri vers and Harbors Commission Document No.9, 691h Congress, Second 

Session 3 July 1930. 
Rivers and Harbors Comnussion Document 12, 701h 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 93-25 L) 

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 Environmental 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 
Ri vers Enhancement Project. 

Water Resources Development Act of 1999 (PL 106-53) 
Other Authorities as they become available. 
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The different program authorities that are authorized in the above listing, include: 
1. Maintenance Dredging Program 
2. Channel Improvement Prog.ram 
3. Channel Maintenance Dike and Revetment Program 
4. Avoid and Minimize Program (DM 24) 
5. Upper Mississippi River Environmental Management Plan - Habitat 

Rehabilitation Project, reauthorized in Section 509 of WRDA99 
(cost share mayor 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 DredQed Materials 
c. Section 1135 - Project Modification for Improvement of Environment 
d. Section 204 - Restoratjon of Environmental Qualitv 

These authorities are detailed in the Rivers Project Master Plan. 

B.2 ILLINOIS DEPARMENT OF NATURAL RESOURCES: 

The Department of Natural Resources Act (Act 801), section 801/25 effective 1 
July 1995, 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 lJIinois 
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 undertalOngs 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 MlSSOURI DEPARMENT OF CONSERVATION: 

The Missouri Depanment of Conservation (MDC) has authority given in the SLate 
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 S1. Louis District: 
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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 CPL-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 . MOO between MDC and USGS to establish and operate an open river 
field station . 

Authority to acquire and manage public lands for forestry, fisheries and wildlife 
enhancement. Missouri State Constitution. 

Provide financial assistance to ri ver front communities to construct river access ramps . 
MDC's COlllJJ'lunitie5> Assistance Program 

C. PROJECT DESCRIPTION: 

C1.1 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 Rivcr at Cairo, Dlinois: 

1. RehabiHtate 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
pennanent 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 
bonomland hardwood forest through the use of innovative silvacultural practices, such as 
constructing dredge spoil ridges to improve tree root aeration, establishing grass cover for 
weed control (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 S1. Louis District's capabilities, through 
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acquisition of new equipment and improved material handling and placement, to create 
arti ficial habitats through the use of dredge material. 

7. Identify 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 pati icular 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. Identify 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. In order to cnn.<;erve, rehabilitate and or create hab;taL nece~~ary to !;mtain 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 ~~d roosting 
areas for species such as the Bald Eagle, Mississippi Kite, pallid sturgeon, interior least 
tern, 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 effon 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 (mayor may not coincide 
with point 1 above). 
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3. Increase the amount of riparian corridor and adjacent flood plain covered under the 
plan by approximately 200,000 ac. This increase would come from conservation 
easements. cooperative 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 Illinois and Mlssouri 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 channel areas. 

5. Provide public access to river resources every 10 miles on average. The Corps. the Fish 
and Wildlife Service, states of Illinois 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 MJvIR 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 clifferent 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 biological 
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 items may be necessary to address an individual side channel or area of 
the open ri ver. 

NeedlReq uirement 
Flow Sinuosity 

Depth Diversity 

Tools! Actions 
Use of hard points, short dikes, wooden pile dikes, rootless 
dikes, etc. 

Notch dikes, stepped dikes. round points, dredging, etc. 

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

Connec!i vity-Wetlands Reopen ridge and swale system, remove sediment deposits 
at ditch/tributary opening, etc. 
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Woody Structure 

Hard Mast Restoration 

Interior Sedimentation 
Reduction 

Side ChannelfIsland 
Creation 

Cut bank 

Use pile dikes. cut trees and cable down, wooden cribbing 
weighted with slone, build hybrid dikes with trees and 
limhs intermixed with stone, etc. 

Use dredge spoil to build ridges and plant trees, open 
existing forest cover to release advanced regeneration, etc. 

Work with NRCS and adjacent landowners to reduce 
erosion, leave sediment plugs in at drainage ditches and 
feeder creeks, reopen ridge and swale system in interior 
wetlands LO act as sediment trap. etc. 

Innovati ve experimental dike design and modification, 
strategically place dredge spoil in a dike field, build 
chevron dikes and use for dredge material placement, etc. 

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 prolocol established by 
the USGS Open River monitoring tearn. This protocol will be modified as necessary and 
as more experience is gained. The following is a quick look at the existing protocol. 

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

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 resolutlon 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/bioJogical relationships between invertebrate 
fauna and the environment of the Mississippi River. As this knowledge 
is gained, we will 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): 
1. Salt Lake Chute (RM 139.5 - 136.0 L) 
2. Fort Chartres Chure (RM 134.3 - 132.2 L) 
3. Establishment Chute (132.5 - 130.0 R) 
4. Jones Chute (RM 98.3 - 94.9 R) 
5. Crawford Chute (73.9 - 71 .5 L) 
6. Buffalo Island Chute (26.3 - 24.5 R) 
7. Area between RM 98.2 and 73.8 (no side channels, islands, or off channel 

habitats). 
8. Marquette Chute -plan~ and ~pec~ ready, awaiting comtruction (RM S 1.0-

47 .0 L) 
9. Schenirnann Chute - plans and specs ready. awaiting construction (RM 62.5-

57.0 R) 

.MEDIUM PRIORITY (existing conditions not critical good vaJue for effort): 
1. Maple Island (RM 198.5 - 200.8 R) 
2. MosentheinlGabaretfChouteau side channel (RM 185.1 - 189.0 L) 
3. Atwood Chute (RM 161.5 - 160.8 L) 
4. Calico Island Chute (RM 148.2 - 147.1 L) 
5. Osborne Chute (RM 146.3 - 144.1 L) 
6. Picayune Chute (RM 60.8 - 54.7 L) 
7. Liberty Chute (RM 103.0 - 100.0 L) 

LOW PRIORITY (area in relatively good shape little or no action required): 
1. Moro Chute (RM 122.6 - 120.0 L) 
2. Beaver IslandIHorse Island and adjacent channels (RM 117.9 R) 

FURTHER INVESTIGATION (observe different water conditions. ownership, etc): 
1. Arsenal/Cahokia Chute (RM 176 L) 
2. Beard/Carroll. J B Chute (RM 167.7 - 166.5 L) 
3. Crain's Chute (RM 105.2 - 104.4 R) 
4. BilJingsIPowers Island (RM 31.2 - 35.6 R) 
5. Thompson Chute (RM 15.7 R) 
6. Sister Chute (RM 14.4 - 11 .9 R) 
7. Boston Bar Chute (RM 10.2 -7 .6 L) 
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8. Angelo Chute (RM 5.2 - 1.3 L) 
9. Vancil Towhead (RM 69.0 - 67.4 L) 
10. Brown's Bar (RM 24 .5 - 21.8 L) 
11. Duck Island Chule (RM 195.2-193.9R) 

MONITOR (initial work completed need to confirm reaction of side channel): 
1. Cotlonwood Side Channel (RM 79.0 - 77 .5 R) 
2. Santa Fe Chute (RM 40.4 - 35 .0 L) 
3. Bumgard Chute/Island (R}')I 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 
modi fied 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 learn how to most effecti veJy obtain desirabJe results in the MMR side 
channels, but also to develop understanding and techniques that can be exponed to other 
ponions of the Mississippi River as well as to other large river systems, such as the 
Missouri River. Monitoring the side channel will 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 whjch 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 
effons should evolve and become efficient complementary r:1anagement 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 LO down stream. 

D.l MAPLE ISLAND CHUTE RM 200.7-198.0R 

This chute is 150-900 feet wide, with an average width of approximately 325 feee. 
A secondary channel is located immediately upstream of the chute (90 ft average width), 
a second secondary channel (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 avaiJable. 
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A deeply notched off bank-line stone revetment is located at the upper end of the main 
side channel. Three stone filled dikes (Dike Nos. 198.7 R, 198.2 Rand 197.7 R) are 
located at the downstream end of the chute. There are approximately 650 acres of 
unleveed 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 Bottoms area. 
Detailed study and planning for this chute will be accomplished as part of the planning 
effort for the entire area. 

Initial 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 
is 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 island and there are six stone filled dikes at the upper end of the chute along 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 
agriculturaJ 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 wlthin the chute will increase depth 
dlversity. Additlonal 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 wlth at least a 100 ft 
wide buffer strip. A portlon 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. 

DA 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 carries 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 
pJaced on the riverside of the island (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 chutelisland complex occurs in a stretch of liver 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 river stretch known as St. Louis Harbor that is 
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 notched dikes will aid in the establishment of the chutelisland complex. 
Dredging is 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 

Carron Island Chute, RM 168.8-167.6L, is 20-75 meters wide, available bathymetry 
indicates bottom elevations in lower one quarter of the chute range from approximately 
+11 to +16 feet LWRP. Bathymetric data have not been collected in the upstream three 
quarters of the chute, however aerial 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. Louis Gage) revealed a series of three large logjams across the chute, 
each extending bank to bank. Water was present only in the upstream-most pool, just 
below the bridge. It is unclear if the logjams are associated with the pools. The 
substrate is 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 channel will require flow for a greater 
percentage of time than is 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 167.6-166.5, is 75-115 meters wide, bathymetry 
indicates bottom elevations range from -4 to + 12 feet LWRP, averaging approximately 
+4.5 feet LWRP. The chute is 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 half of the chute will also be beneficial. 

Approximately 1000 acres of levee free floodplain 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 ridge-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 161.7-160.8L 

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 dike 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 result of the plunge pool from the lower dike. 
The side channel shallows above the lower dike to about 0 L WRP 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 shallows immediately above 
the hole to 14 feet St. Louis gage, causing the upper end of the channel to close and 
prevent flow below moderate river stages. Potamology Section indicated on a recent 
river reconnaissance trip that the channel contains "good energy" and could be 
reconfigured using the natural forces of the river and strategically placed regulating 

16 



structures. Connectivity with the river below the lower plunge pool appears to be poor 
indicating that it is unlikely that the deep holes in 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 island. 

This side channel is located within a stretch of river where off-channel habitat for 
fish is extremely sparse. Improve connectivity at the lower 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 includes the mouth of the Meramec and 
Chesley Island on the Missouri side of the ri ver. 

D.7 CALICO ISLAND CHUTE RM 148.2-147.2 

This side channel is 125-250 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 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) 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-Ene 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 to act, wherever possible, to create swales. 

D.S OSBORNE CHUTE RM 146.3-144.1 

This side channel is 425-S00 feet wide, with an average width of approximately 
550 feet. Bathymetry indicates the average bottom elevation of the chute is 
approximately +6 feet LWRP, ranging from about -32 to +20 feet LWRP. Moderately 
good depth diversity exists within the side channel, but much of bottom is relatively 
featureless. Substrate is 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 load entering the chute and increasing the amount of flow. Encouraging the 
development of a sinusoidal 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 will be retained. Material resulting from side channel 
dredging could be used to extend sandbar habitat at downstream end of island. Allow 
natural hydraulic processes act, wherever possible, to create swales. Secondary channels 
immediately upstream of the chute may be enhanced to provide additional off channel 
areas and/or high quality wetlands. 

D.9 SALT LAKE CHUTE RM 139.5-136.0 

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. Fair to 
poor depth diversity exists within the side channel; most of bottom is relatively 
featureless. Substrate is 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 internal 
rock closure structure (Dike No. 138.1 L). Approximately 2500 acres of floodplain 
habitat, most of which is forested, is 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 asymmetric sinusoidal flow pattern 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. Pile 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 hydraulic processes act, where possible, to 
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.I0 FORT CHARTRES ISLAND AND CHUTE RM 134.4 -132.2L 

Fort Chartres Island and side channel are located between RM 134.4 and 132.2 
left descending bank. The side channel is relatively shallow with a few deep holes. 
Much of the channel would be dry at a L WRP 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 half of the island and side channel). A single 
private individual owns the balance. Much of the private portion of the island is farmed, 
while the remainder is 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 
channel during moderate to low river stages. The side channel is being modeled in 
conjunction with Salt Lake Towhead another side channel just upstream. These two side 
channels along with Establishment Island/Side Channel just downstream of Fort Chm1res 
and Kidd Lake Marsh, Maeystown Creek and Fults Creek, which are all 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.ll ESTABLISHMENT CHUTE RM 132.S-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, 
little woody structure is present within the chute. There is 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 L WRP) have been 
created below 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 is forested, is located 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. Material 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 corridor. 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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channel 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 + lO LWRP, while the smaller is much deeper, 
about -5 LWRP. The connection of the smaller chute is somewhat unique and the reason 
this chute retains flow at most river stage$. 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 larger 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 is 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 is 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 accessibility to the aquatic environment include a notch 
in the lower closing structure to improve fish access and a notch in the wing dike below, 
coupled with dredging to deepen the connection with the main channel at all but the 
lowest river stages. This appears to be an impoltant over wintering area for fish that will 
be investigated further. 

D.l3 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) is located 
with the chute. Bathymetric data is not yet 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) along the 
riverside 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 
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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 elevations of these chutes range from about 0 to + 10 feet L WRP. 
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 liverward of the levee 
within a 400 ft wide Ship 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 liver training structures (i.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 channel complexes elsewhere within the system, especially within those 
reaches in which side channel habitat is 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, is 200-400 feet wide, with an average width of 
250 feet. Bathymetry in both chutes indicates the average bottom elevation is 
approximately +0 feet L WRP, 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 is 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 
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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 internal 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, is 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 modifying 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. Material 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 is 50-400 feet wide, with an average width of approximately 120 feet. Jones Chute is 
225-600 feet wide, with an average width of 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 is approximately +4 feet LWRP, ranging from about -20 to +18 feet LWRP. 
Fair depth diversity exists within these side channels. Substrate is predominately sand 
and mud; little woody structure is present within the chute. There is a rock dike (not a 
complete closure) at the upstream end of the chute and a rock closing structure in the 
mid-portion of Jones Chute. Deep scour holes (>30 ft 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, less than half of which is forested, is located within and 
adjacent to the project area CRM 99 -94). ' 

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 channel dredging 
could be used to extend sandbar habitat at downstream end of island. 

D.17 RIVER MILE 93.8 THROUGH 73.8 

This reach of the MMR contains no side channels or off channel habitat. Three to 
four side channels will be considered for construction in this aJ;:ea. 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 hydro graph will 
determine if woody vegetation will successfully colonize the island. Some of the islands 
could be raised to sufficient elevation to allow growth of woody vegetation while others 
may be held at the bare sand stage. Other options for side channel or off channel habitat 
will also be explored in this area. 

D.18 COTTONWOOD SIDE CHANNEL RM 79.0-77.5 R 

Cottonwood side channel is located 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 limit 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 enhancement 
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 is dissected by closing structures and has a wing dike 
upstream of the inlet 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 Illinois, 
downstream, to a point across the river 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 river. An 
increase in depth diversity and wetted edge within the side channel, along the island on 
the main channel border, 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/gravel material beneath the sand. 

D.20 VANCIL TOWHEAD RM 69.0-67.4 L 

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 measures consist of 
incorporating this area into a larger habitat enhancement effort, which would include side 
channels, channel border area, and floodplain (area to levee). 

D.21 PICAYUNE CHUTE RM 60.8-54.7L 

Picayune side channel is located along the left descending bank between river 
miles 61 - 56.5. The side channel has a wing dike above the inlet and a notched closing 
structure across the outlet. There are three remnant wooden pile dikes, a low water road 
spanning the side channel connecting the Illinois bank to the island, a rock closing 
structure, and a rock spur dike. The inlet becomes isolated from the main ri ver by a large 
sand plug (an extension of the island) at liver stages below +7 L WRP. The side channel 
contains deep water throughout its length with moderately good depth diversity, a few 
small sandbars, and a small amount of woody structure. The low water road and stone 
closing structure begin to dissect the side channel at river stages of + 17 L WRP and 
below. 

Rehabilitation of this side'channel indudes notching of the upper closing structure 
to improve flow at lower liver stages while preventing bed load from entering the side 
channel. Additional woody structure will be beneficial. 

D.22 SCHENIMANN CHUTE RM 59.0-57.0R 

Schenimann Chute side channel is located along the light 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 liver 
under high stages. The side channel is dissected by closing structures, which create four 
isolated chambers. The first chamber is the longest and is characterized by the 
confluence of Bainbridge Creek, two old pile dike structures, and a connection to the 
main river at stages as low as 8 feet (Cape Girardeau gage). The second chamber is 
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slightly 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 a pile dike and becomes dry below the dike during 
low river stages. A permanent pool exists above the dike. The substrate is 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 river, as well as between the individual chambers themselves. 
Depth and substrate diversity and woody structure are needed. 

D.23 MARQUETTE CHUTE RM S1.0-47.0L 

Marquette side channel is located along the left descending bank between river 
miles 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 inlet is unique in that it apparently 
reaches all the way to the river bed thereby allowing flow at most river stages. Three 
remnant wooden 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 113 of the side channel. Water passes through this notch when the 
river stage is greater than + 11 L WRP. The side channel contains vast amounts of sand 
both as aquatic substrate and as island extensions, which do not become inundated at 
flood stage (+27 LWRP). The upper 113 of the side channel becomes dry at river stages 
below +5 L WRP. At these lower stages it is possible to walk from the Illinois mainland, 
across the side channel and island, to the banks of the Mississippi. The middle portion of 
the side channel maintains moderately deep water at low river stages. The plunge pool 
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 liver at average to low river stages. The side channel is on 
the inside of a sharp bend, more accurately described as a split flow 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 channel without introducing additional sediment or compromising the 
navigation channel. Increase depth diversity (cun-ently 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 left 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 is present at the upper end of 
the chute, but the predominant substrate type is sand. The upper 113 of the side channel 
is 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 Illinois 
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 moderately 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 no 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.2S BILLINGS ISLAND, POWERS ISLAND 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 is primarily silt/sand. 
Little woody structure is present in 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 is 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 is also present downstream of the outlet 
of the second side channel. The lower 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 
notched dikes or other appropliate measures, create a secondary channel which would 
disconnect large channel border sand island 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 lower 80 miles of the river 
that is not disconnected from the liver at its inlet by a closing structure. There is a dike 
immediately upstream of the inlet and two hard points in the interior of the side channel. 
Substrate composition of the side channel and the island is predominately 
cobble/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 can 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 low river stages. Woody structure is scarce and depth diversity 
is 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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Bathymetry indicates the average bottom elevation of the chute is approximately +2 feet 
LWRP and ranges from about -25 to +20 feet LWRP. There is fair depth diversity with 
the side channel. Substrate is sand and mud. There is 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 b~en created below the 
internal rock closure. Approximately 1500 acres of levee free floodplain habitat, most of 
which is agricultural, 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 holes 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 
channel 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 L WRP, ranging from about 
-30 to +21 feet LWRP. The right channel has an average bottom 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 good 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 at the downstream end of the chute. There 
are two stone closures located within the chute (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 floodplain, 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 increasing 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 to remove some sand deposits would also be 
beneficial. Material 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 possible, 
to create swales. 
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D.29 THOMPSON CHUTE RM lS.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 islands: Island.Nos.28 and 29. The chute has an average 
width of approximately 250 feet, ranging from about 150 to 625 feet. There is a 
secondary channel located between the islands. Bathymetry indicated the average bottom 
elevation of the chute is approximate +6 L WRP 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. l3.4R) within 
the chute. The land adjacent to the chute is levee free floodplain, most of which is 
aglicultural. Some forested area is located within and adjacent to the project area, mainly 
associated with the islands. 

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 large sediment deposits will be beneficial. Material 
resulting from the dredging operations could be used to extend sandbar habitat on 
downstream end of the island. 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 550 feet. There are two secondary channels located just upstream of the island. 
Bathymetry is not available, but field observations indicate that the average bottom 
elevation is about +5 feet LWRP, ranging from about -5 to +10 LWRP. Substrate is sand 
and mud. There is a rock dike (Dike No. 1O.IL) located at the upstream end of the chute 
and a rock closing structure (Dike No. 7.9L) near the lower end of the chute. 
Approximately 2000 acres of levee free floodplain habitat, most of which is agricultural, 
is 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 large 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 andlor 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 450 - 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 to +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 large 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. Louis, MO 63103 
314-331-8146 
Brian.L.Johnson@mvs02.usace.army.mil 
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COST ESTIMATES 

Estimated Average Costs Per Side Channel * 

Pre-Monitor 
Real Estate Costs 
Engineer Design, Plans and Specifications 
Construction Costs 
Dredging Costs 
Monitor During Construction 
Post Monitor 

Total Estimated Cost Per Side Channel 

Estimated Average Annual Costs* 
Two Side Channels 
Base Monitoring (in addition to ongoing LTRM effort) 
Annual Evaluation and Progress Report 
PM Costs (admin, coordination, procurement, etc.) 

Total Annul Estimated Cost 

Total Estimated Cost of the Side Channel Plan* 
Estimated Average Annual Cost 
Completion Estimated in 15 Years (2 side channels per year) 

Total Estimated Cost 

* Costs in thousands (000) of dollars. 

** Costs do not include enhancement activities on upland sites. 

30.0 
50.0 

200.0 
1000.0 
200.0 

30.0 
30.0 

1540.0 

3080.0 
200.0 

25.0 
165.0 

3470.0 

3470.0 
x 15 

52050.0** 

The 15-year target for completion is dependant upon availability 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 sUlTound our nation's rivers and streams. Micro Modeling is 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 behind 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 stream, no matter how 
large or small, is a body of flowing water and sediment. The mechanics of moving water 
and sediment remain similar, whether it's a small creek, or the Mississippi 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 modeling used in the past, and many taxpayer dollars 
have been saved. Traditional liver 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 
modem day plastic composites including acrylic, polystyrene, 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-like particles. 

The hydraulic flume is 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 expeliments. 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 to 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 
load is 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 monitors a magnetic flow meter. The system 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 art three-dimensional laser scanner that 
is used to collect the contours of the changing bed sediment in the model. 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 is the ability to convey highly 
complex hydraulic concepts to non-technical, non-engineering clients and partners. 
Engineers use the dynamic hydraulics of the model 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 opp011unity to test their ideas 
in the model with the ability to touch and observe the effects they create. Ideas that 
produce positive effects are further tested scientifically by experienced river engineers. 
The model 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, government and private 
engineers, biologists, scientists etc. These customers 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 river 
mechanics and therefore created a median by which government engineers and their 
previously adversarial 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. Micro 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 million, and most of the studies would not yet be complete. 

Micro Modeling has been used to study possible environmental enhancement measures to 
three side channels on the Middle 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 channels. 
Micro Model methodology has also been used to study many other environmental 



projects on the Upper Mississippi River, the MissoUli 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 Mississippi River." The report identified environmental problems in the Upper 
Mississippi River (UMR) and challenged 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 for 
the unimpounded open river reach of the UMR. This reach, known as the Middle 
Mississippi River (MMR), 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 Ecosystem Management 
Work Group (work Group). 

During the first meeting of the work group, it 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 ecosystem 
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 into 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 S1. Louis in early 1797. He also produced a detailed map of the MMR valley, 
drawn dUling 1797 - 1798. Both are generally considered to be excellent sources of late 
18th-century physical information for our area of investigation and provide us with the 
necessary background to design our research plan. 

Finiels' manuscript 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 preliminary 



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 DocUlnents, 1610-1791 (73 volumes) and Early Westem 
Travels, 1748-1846 (32 volumes). The first series contained correspondence and reports 
generated by Jesuit missionaries during their service in North America. A number of 
these documents were very descriptive of the Mississippi 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' sA J ounwy in North America (1796), Gilbelt Imlay's A 
Topographical Description of the Westem 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 J. Ekberg, 
William E. Foley, John Francis McDelmott, and Abraham P. Nasatir, all of whom 
conducted extensive research on our subject. 

River guides (e.g. the Navigator, Westem 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 employedby 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, Missouri State Archives, Western Historical Manuscripts 
Collection, and other repositOlies. 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 locate 
infOlmation relative from 1875 to the present and were not disappointed by the amount of 
material available referencing this time 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 insight into various government agencies' relationship 



to the MMR by detailing a particular organization's responsibility to both the general 
public and the environment. 

We discovered a large amount of material relative to the MMR held in libraries 
and archives throughout the world. Although empirical scientific data on MMR 
resources is rare pilor to the 1960's, the variety and richness of descriptive information 
encountered so far surprised us. The sources listed in this report represent only a fraction 
of the material accumulated during our research. Analyses of historical and cun-ent 
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 look for 
recun-ent themes to help us understand the natural history of the MMR. 
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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, Illinois 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 from the 
other side. One such traveler in 1787 was "Danny" Boone, son of Daniel Boone. 
Tradition says that young Boone rode down to the Illinois 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 ofthe St. Louis levee front in 1858). This 
tremendous migration of people to the Mississippi Valley put heavy pressure on the area's 
natural resources, plimarily 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 falling 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 destroyed 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 deteriorate 
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. Ernst in 
1880 desclibed this river deterioration. Captain Ernst 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 is 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 materially widened 
within the last 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 cleared 
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 
formed by the fallen trees at the foot of the bank should have this effect. Wooded banks 
yield finally, of course, but the rate of erosion is so slow that the 
river has time to build up on the opposite 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 is still going on, and wjJJ 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 is shown in Figure 1. This map graphically 
shows the instability of the deforested bank lines. 

In the 1880's, 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 liver that is very 
nearly the same as it was in the early part of the nineteenth century. The average width of 
the Middle Mississippi River was change from 5300 ft. 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. Ml.) 
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 restoring 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 
Distlict by the Institute of River Studies located at the University of Missouri at Rolla. 

Figure 2 shows how channel length has varied since 1821. In 1974, the river length is 
nearly the same as it was in 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 length 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 is the resultant 
of ' all the forces, and consequently, is a concrete expression ofthe 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 during the period of time from the 
early 1800s to the late 1800's nearly created an irrevocable loss of navigation in the 
Middle 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 North America, it 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 Illinois and the Missouri. 

We began our course on the Mississippi the second of August. This day was one 
of the hottest 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 north em 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 language of the country batture, formed by this last river. 
The sand-bank is long, flat, and covered with young poplars. At this point both sides of 
the river 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 useless in a country that 
is 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 length, 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, Elk 
Island, which is newly formed. The willows we saw on this spot were not more than from 
two to 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 it 
is 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 island to the mouth of the Ohio, where it is so 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 la Perche, we reached on the right Charpon 
Islands: these are three in number and they follow each other in succession; each is about 
a mile long, 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 em1h. 

Three miles above these islands we reached Courcy Islands: these are four in 
number, and occupy a space of two miles. The towing line is 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 is impracticable). 

Before we reached Courcy Islands, we passed between two great banks, in order 
to gain the right side, leaving the islands 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 is a passage on the right, but the cun-ent 
is so strong, that it is practicable only in descending the river. 

In crossing over, we met with a disagreeable accident: our boatmen, exhausted in 
stliving to master the current, stopped 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 ourselves on the nearest of one of the islands, where we passed the rest of 
the day to repair the damage. 

We leamed with certainty, on leaving the Ohio, that from thence to the Missouri, 
we could never proceed faster than three leagues in a day, and sometimes only two. 
Although our boat had twenty oars, the rapidity of the cun-ent, the immense 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 cun-ent of the river, and 
increases its rapidity, render this navigation very difficult and dangerous: we were 
continually in the altemative of breaking on the trees, or striking on the sandbanks. 

We estimated the cun-ent 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 
miles, and are 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 cun-ent 
is less strong, but that nearly six miles are gained by taking the channel on the left. The 
navigation for Little Courcy Island hither is 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, is poor, being either rocky or gravelly, missed 
wlth reddish earth. At a Distance we perceived a chain of heights, called Taiouwapeti 
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 right, and two miles higher 
we found a second, called the Great Chain, which extends into 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 
navigation 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 is no longer swampy; it 
is 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 
infelior to that of the liver. 

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 ala Cruche: it is 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 easily be distinguished by the breakers. 

The navigation during these six miles is good, if care be taken to keep ann the left 
side. 

Having reached Cape ala 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 o'clock in the afternoon, 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 turned 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 is too narrow to contain a 
whole flock, they place themselves in a line of two deep: they prefer the Mississippi and 
the Missouri to every other river, on account of their muddy waters. 

At the distance of a mile and an half above the island of La Ferri ere , we reached 
Cape Girardot. We kept to the left side, to take advantage of a very strong eddy that 



reaches from this last island to Cape Girardot, which is the first military point on the 
river, from the mouth of the Ohio; both sides being wither swampy or broken by rocks. 

Cape Girardot, on the contrary, is 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 to avoid 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, is 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 excellent mooring for vessels. 

Cape Girardot is, 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 its 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-four 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 villages 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 trairieau for the conveyance of wood. When the.be.avers 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 is 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, it is not astonishing that the body of this anima should be scarified an deprived of its 
hair, by the continued friction he must have undergone, when dragged through bliars, 
over stones and rocks. This at least 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 a creek 
which is almost dry dUling the summer; and half 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 its extreme rapidity, is also filled with a considerable quantity of drift 



wood, which chokes up halfthe channel; but these kinds of obstacles are but momentary; 
the next year they 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 liver, to gain a great sandbank which is dry, and where the current is less 
strong. We left 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 island, we 
passed another on the light, of which the name is also unknown. 

The current during these last two miles and an half is moderate, and the 
navigation easy; we kept to the light side, which is 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 rampalt, and reached on the same 
side Marl River (Riviere de Glaise), which is 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 is almost 
dry during the summer. 

Four miles above, and on the same side, Apple River (Riviere aux Pommes) 
empties itself. This river is from eighty to ninety yards in breadth at its mouth, and 
though its water are low in dry seasons, there is nevertheless enough for the navigation of 
canoes. 

Directly opposite to Apple River, Mud River (Riviere aux Vases) flows into the 
Mississippi. Its mouth is concealed by a very considerable island, which forms two 
passages; the first, in ascending the river, is the best. This river 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; a name given to a great mass of rocks, at nearly fifty yards distance from the right 
bank. Its round fmID, insulated situation, and lofty height, led the first navigators to give 
it this appellation. This rock offers nothing curious 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 them with a fliendly 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 in 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 victim. 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 always at a little distance from the shore. To 



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 three miles and an half, and reached Winged 
Island (Isle aux Ailes), which we left on the right. In this space there are several eddies 
on the left side, which favor the ascent of the liver; the CUlTent is very strong on the right. 

Four miles and an half above Winged Island is Five Men Cape (Cap des cinq 
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 cUlTents, but beyond them the navigation becomes smooth and easy. 

Three miles above Five Men Cape are Dung Islands (Isles ala 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 
is 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 cunent 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 Ohio to 
Kaskaskias, is 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 all 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; from St. Genevieve to Fort Chartres twenty; to Joachim River eighteen; 
to Mmimeck 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 is 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 Ohio to Miles 
Buffalo Island 3 
Its length 1 
Elk Island 112 
Its length 1 
Point a la Perche 1 112 
Charpon Islands 112 
Their length 3 
Courcy Islands 3 
Their length 2 
English islands 9 
Their length 6 
Little chain of rocks 112 
Great chain 2 
Cape a la Cruche 6 
Island a la Ferriere 3 
Cape Girardot 1 112 
Island du Venier 1 
Its length 2 
False Bays 3 
Marl River 5 112 
Apple River 4 
The Tower 4 
Winged Island 3 112 
Fi ve Men Cape 4 112 
Dung Islands 3 
Their length 3 
River St. Mary 1 
Kaskaskias Island 1 112 
Salt River 10 
St. Genevieve 4 
Fort Chartres 20 
Joachim river 18 
Marimeck River 15 
Carondelet village 15 
St. Lewis 10 
The Mouth of the Missouri _5 _ 

176 112 



The most valuable information which we acquired during this short passage, 
respecting the navigation of this river, 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 either 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, allong as both sides remain 
uninhabited, the possibility of obtaining just data with respect to distances. But an 
insurmountable 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 formed, 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 it would not only be useless but dangerous. It is 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 Ohio to the river Kaskaskias we have deviated from this rule, it is 
because that part 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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