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Avoid and Minimize Environmental Impacts Program 
St. Louis District - Mississippi Valley Division 

2007-2009 Progress Report 
 
 
 
 

Executive Summary 
 
The St. Louis District agreed to establish an Avoid and Minimize Program (A&M) in 1992 to 
reduce possible environmental impacts of increased navigation industry traffic due to 
construction of a second lock at Melvin Price Locks and Dam.  Expenditures in the program 
average around $826,000 a year.  Full-scale implementation of the program began in 1996.  
Direction of the program is coordinated through the River Resource Action Team, which 
consists of state, federal and private partners in both natural resources and industry.   

Several construction efforts funded through the Avoid and Minimize Program were made 
between 2010 and 2011.  In 2010, a “W” dike was constructed at river mile 290.4R, below 
Blackbird Island.  A mussel survey for this area was conducted in July 2009 with a final report 
submitted in October 2009.  In general, mussel habitat at the site was considered poor, being 
primarily composed of unstable, shifting sand, which did not support a significant mussel 
community. 

Beginning in 2010 and completed in 2011, chevron construction (river miles 162.8, 162.6, 162.5, 
and 162.4L) and dike shortening construction (river miles 163.0, 162.6, and 162.3L) took place 
along the Cliff Cave-Kimmswick Reach of the Middle Mississippi River.  These channel structures 
and modifications were the result of recommendations made from a hydraulic sediment 
response study (HSR) completed in September 2006.  Additionally in 2011, two chevrons were 
constructed in Pool 24 at river miles 298.55L and 298.4L.   

Between January 2010 and September 2011 an HSR model was evaluated on a stretch of the 
Mississippi River between river miles 134.0 and 128.0.  The study area was at Establishment 
Chute which is roughly twenty miles downstream of the town of Herculaneum, Missouri.  The 
objective of the study was to evaluate environmental design alternatives for the development 
of side channel and island habitat utilizing an existing dike field and island complex. 

Recently, St. Louis’s environmental partners have been concerned that the bendway weirs are 
having an undocumented effect on channel geometry.  To investigate the effects of the 
bendway weirs on cross-sectional bed geometry, a study was undertaken in which area, width, 
wetted perimeter, and slope were compared pre- to post-weir installation. The post-weir 
periods (2007 and 2005) and pre-weir periods (1986, 1982, and 1976) were chosen because 
nearly every weir field had been surveyed in each period. These results indicate the bendway 
weirs are largely achieving their primary goal of widening the navigable portion of the channel 
without a serious detrimental effect on the inside bar slope.
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Avoid and Minimize 
Environmental Impacts Program 

St. Louis District - Mississippi Valley Division 
2010-2011 Progress Report 

 

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

 

2010-2011 A&M Program Activities 
 
 

A&M 1. 2010-2011 Construction 

Several construction projects funded through the Avoid and Minimize Program were completed 
during fiscal years 2010 and 2011.   

W Dike construction and mussel sampling (Appendix A) 

In 2010, a W-dike was constructed at river mile 290.4R, below Blackbird Island (see front cover).  
The W dike design was developed in lieu of a traditional dike structure to create flow diversity 
and hence, habitat diversity, for fish and other biota while also providing the benefit of channel 
deepening and reduced dredging requirements.  The project was coordinated with the MDOC, 
IDNR, and the FWS.  In early discussions, the agencies had concerns about potential impacts to 
mussels in the area.  Just up-river, along the Missouri side of Blackbird Island, earlier surveys 
had identified established mussel beds (Figure 1).  In addition, the Missouri state and federally 
endangered fat pocketbook (Potamilus capax) had been transplanted to an area behind the 
lower end of Blackbird Island (a short distance from the proposed work) in1989 in an attempt 
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to re-establish a historical population; however, recent surveys suggested that its success was 
questionable. 

 In light of the potential for existing mussel beds to be impacted as a result of the project, a 
mussel survey was conducted during July 2009 prior to construction of the W dike (Figure 2).  
Semi-quantitative, quantitative, and qualitative search methods were used to evaluate the 
mussel community and habitat potentially impacted by construction.  Relatively few mussels 
[unionids] were collected in the area; search efforts yielded 117 live adult unionids representing 
12 common species.  The low number of unionids collected attributed to poor habitat quality 
within the site.  Most unionids were collected within 50 meters from the bank where some 
gravel was present and therefore substrate was more stable.  The majority of the study area 
was comprised of unstable, shifting sands where unionids populations are normally absent.  
Overall, the proposed construction area offered little suitable habitat for unionids and did not 
support a significant unionids community.  It was held that construction of the W dike would 
have no effect on unionids and that mitigation actions were not necessary.  At this time, no 
post-construction biological surveys have been conducted in this area. 
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Figure 1.  W dike location, past dive and brail surveys, and general extent of the 2009 mussel survey. 
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Figure 2.  Mussel survey area showing transect locations, Mississippi River Mile 291, July 2009. 
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Chevron consruction and dike shortening 

Beginning in 2010 and completed in 2011, chevron construction (river miles 162.8, 162.6, 162.5, 
and 162.4L) and dike shortening construction (river miles 163.0, 162.6, and 162.3L) was 
conducted along the Cliff Cave-Kimmswick Reach of the Middle Mississippi River (Figure 3).  
These channel structures and modifications were the result of recommendations made from 
the Cliff Cave-KImmswick HSR study conducted by the St. Louis District’s Applied River 
Engineering Center and completed in September 2006 (http://mvs-
wc.mvs.usace.army.mil/arec/Documents/HSR_Models/M41_Cliff_Cave_Kimmswick.pdf ).  The 
model was used to evaluate sediment transport conditions as well as the impact of various 
structural alternatives along this reach.  The primary goal of the study was to diversify aquatic 
habitat by modifying present dike structures, developing new side channels and bar formations 
while maintaining the integrity of the navigation channel. 

 
Figure 3.  Chevron construction and dike shortening along the Cliff Cave-Kimmswick Reach. 

 
 

http://mvs-wc.mvs.usace.army.mil/arec/Documents/HSR_Models/M41_Cliff_Cave_Kimmswick.pdf
http://mvs-wc.mvs.usace.army.mil/arec/Documents/HSR_Models/M41_Cliff_Cave_Kimmswick.pdf
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Chevron construction and mussel sampling (Appendix B) 
 
In 2011, two chevrons were constructed (of three proposed) in Pool 24 at river miles 298.55L 
and 298.4L (Figure 4) – the third is proposed at river mile 298.2L.  However, IDNR records 
indicated that a mussel bed exists along the Illinois shoreline from approximate river mile 299.8 
to 298.0 and there were concerns that these mussels could be directly or indirectly impacted 
from chevron placement.  In addition, IDNR records showed the presence of a mussel bed at 
the lower end of the chute behind the small unnamed island just below the project area (Figure 
4).  Following further coordination with the FWS, MDOC and IDNR in January of 2010, it was 
concurred that mussel surveys be conducted prior to chevron construction.  Particularly, the 
ILDNR was concerned the chevrons would reduce flow through the small side channel, altering 
substrates and negatively impact the mussel assemblage that might still occur there.  As a 
result, the Corps conducted a mussel survey of the area from 1-3 November 2010 (Appendix B). 
 
Results of the survey indicated that the mussel community within the project area was sparse 
and patchy with most mussels collected within 20 meters of the Illinois bank upstream and 
shoreward of the proposed chevron dikes (Figure 5).  Substrates near the bank consisted of 
stable gravel, silt, and clay.  Conversely, the substrate for the proposed chevron construction 
sites consisted primarily of unstable, shifting sands – a habitat that rarely supports mussel 
populations. 
 
It should also be noted that the agencies concurred that the chevrons should be constructed 
using a phased approach.  That is, in the phased approach the two upper chevrons would be 
constructed, the channel would be monitored, and a proposed third chevron would be added 
only if absolutely necessary.  Also, it was agreed that no future dredge material would be 
placed within the chevron field.
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Figure 4.  Pool 24 chevrons constructed in 2011 

 
 
Figure 5.  Location of November 2010 mussel surveys. 
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A&M 2.  Hydraulic Sediment Response (HSR) Model Studies 

A full report of the following study can be found on the St. Louis District’s Applied River 
Engineering Center website:   

http://mvs-
wc.mvs.usace.army.mil/arec/Documents/HSR_Models/Estblishment_Chute/M60_Est
ablishment_Chute.pdf  

Establishment Chute, Upper Mississippi River miles 134.0-128.0  

This HSR study was conducted by the St. Louis District’s Applied River Engineering 
Center between January 2010 and September 2011 on a stretch of the Mississippi River 
between river miles 134.0 and 128.0, located roughly twenty miles downstream of the 
town of Herculaneum, Missouri).  The objective of the study was to evaluate 
environmental design alternatives for the development of side channel and island 
habitat, utilizing an existing dike field and island complex. 

Over time, the Establishment Chute side channel of the Middle Mississippi River had 
silted in.  Surveys of the side channel indicated that the bed of Establishment Chute was 
relatively high and homogenous.  As a result of the shallow elevations, there was little 
aquatic diversity within the side channel.  Typically, side channels, both continuous and 
detached, serve as important backwater habitats for a variety of fish species.  
Alternating bars, deep scour holes, and other forms of diversity are desired within side 
channels, but this habitat does not exist within Establishment Chute. 
 
The purpose of this study was to produce a report that communicates the results of the 
HSR analysis of various river engineering measures used to develop diversity within 
Establishment Chute.  The increased diversity within Establishment Chute would, in 
turn, create a more beneficial aquatic habitat. 
 
The goals of this study were to: 
 

1. Evaluate a variety of remedial measures utilizing an HSR model with the primary 
objective of identifying the most effective and economical plan to diversify 
aquatic habitat in Establishment Chute.  The secondary objective was to create a 
secondary side channel between Establishment Island and the existing point bar.  
In order to determine the best alternative, three criteria were used to evaluate 
each alternative. 

 
a. The alternative should increase aquatic habitat within Establishment 

Chute by creating more bathymetric diversity. 
b. The alternative should maintain the navigation channel requirements of 

at least 9 ft of depth and 300 ft of width. 
c. The alternative should not negatively impact the bar located between 

Establishment Island / Schmidts Island and the main channel. 

http://mvs-wc.mvs.usace.army.mil/arec/Documents/HSR_Models/Estblishment_Chute/M60_Establishment_Chute.pdf
http://mvs-wc.mvs.usace.army.mil/arec/Documents/HSR_Models/Estblishment_Chute/M60_Establishment_Chute.pdf
http://mvs-wc.mvs.usace.army.mil/arec/Documents/HSR_Models/Estblishment_Chute/M60_Establishment_Chute.pdf
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2. Communicate to other engineers, river industry personnel, and environmental 

agency personnel the results of the HSR model tests and the plans for 
improvements. 

 
Designing Alternative Tests 

The testing process consisted of modeling alternative measures in the HSR model 
followed by analyses of the bathymetry results.  The goal was to alter the model bed 
response in a manner intended to create more diversity within Establishment Chute 
while maintaining the existing navigation channel.  Evaluation of each alternative was 
accomplished through a qualitative comparison to the model replication test 
bathymetry.  The environmental impacts of alternatives were analyzed by looking at 
bathymetry changes in specified environmental areas. 
 
Recommendations 

Alternative 16, Plate 35, was recommended as the most desirable alternative because of 
its observed ability to create depth diversity within Establishment Chute.  The 
alternative showed a narrow navigation channel within the crossing between RM 132.0 
and RM 131.5, but this area was also narrower in the replication test than in the 
prototype.  The alternative requires little changes to be made to the existing structures 
at the entrance to Establishment Chute, so the navigation channel should be minimally 
affected. 
 
The recommended design included the following: 
 
• RM 132.4R: Construct a 1,400 ft upstream L-dike - structure top elevation = 372 ft (+18 

ft LWRP) 
 
• RM 132.5R: Remove approximately 200 ft of the existing dike. The dike should be 

removed starting from the RDB and continue until it meets the upstream L-dike. 
 
• RM 131.0R: Remove approximately 325 ft of the existing closure structure within 

Establishment Chute. The portion of the dike to be removed is from the RDB of 
Establishment Chute to the tip of Establishment Island. 

 
Interpretation of Model Test Results 

In the interpretation and evaluation of the model test results it should be remembered 
that these results are qualitative in nature.  Any hydraulic model, whether physical or 
numerical, is subject to biases introduced as a result of the inherent complexities that 
exist in the prototype.  Anomalies in actual hydrographic events, such as prolonged 
periods of high or low flows, are not reflected in these results, nor are complex physical 
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phenomena, such as the existence of underlying rock formations or other non-erodible 
variables.  Flood flows were not simulated in this study. 
 
 
A&M 3.  Analysis of the Effects of Bendway Weir Construction on Channel Cross-
Sectional Geometry 
A full report of the following study can be found on the St. Louis District’s Applied River 
Engineering Center website:   
 
http://mvs-wc.mvs.usace.army.mil/arec/Reports_Bendway_Weirs.html  
 
Bendway weirs are submerged rock river training structures pioneered by the St. Louis 
District reduce the scouring of exterior bend slopes while simultaneously widening the 
navigable channel.  Since their development, bendway weirs have been installed 
throughout Corps waterways.  Recently, St. Louis’s environmental partners have been 
concerned that the bendway weirs are having an undocumented effect on channel 
geometry.  To investigate the effects of the bendway weirs on cross-sectional bed 
geometry, a study was undertaken in which area, width, wetted perimeter, and slope were 
compared pre- to post-weir installation.  The inner bend longitudinal slope was of 
particular interest, as there were concerns that the slopes were increasing, threatening 
shallow water habitat.  Because of this, inner slope was calculated both for the entire 
cross section and using 10 ft vertical segments.  For the study, 22 weir fields were 
examined over 5 time periods using 197 cross sections.  Cross sections were established 
before the first weir, between each weir, and after the last weir in each weir field.  The 
post-weir periods (2007 and 2005) and pre-weir periods (1986, 1982, and 1976) were 
chosen because nearly every weir field had been surveyed in each period. 
 
When complete, the study revealed that the width at LWRP increased for 77% of the 
cross sections with an average increase of ~330 ft. The average slope decreased for 59% 
of all cross sections, with an average decrease of 1.27 ft. per 100 ft. The 10 ft vertical 
segment slopes were roughly even between decreases and increases, with ~70% of the 
slope changes falling with natural variation as defined by the study methodology.  These 
results indicate the bendway weirs are largely achieving their primary goal of widening 
the navigable portion of the channel without a serious detrimental effect on the inside bar 
slope. 
  

http://mvs-wc.mvs.usace.army.mil/arec/Reports_Bendway_Weirs.html
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St. Louis District Avoid and Minimize Program Dollars Expended, 1996 - 2011 

 
 
 
 

 
 
 

Fiscal Year Total Expended 
FY 1996 1,054,000 
FY 1997 1,489,000 
FY 1998 1,060,000 
FY 1999 1,040,000 
FY 2000 421,000 
FY 2001 684,439 
FY 2002 148,221 
FY 2003 684,823 
FY 2004 568,717 
FY 2005 939,568 
FY 2006 526,671 
FY 2007 865,053 
FY 2008 1,108,024 
FY 2009 977,021 
FY 2010 994,000 
FY 2011 877,000 
TOTAL 13,437,537 
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Abstract 

The St. Louis District of the US. Army Corps of Engineers has proposed dike construction near Mississippi River Mile 

291.  Semi-quantitative, quantitative, and qualitative search methods were used to evaluate the mussel community and 

habitat potentially impacted by construction.  Relatively few unionids were collected in the area; search efforts yielded 

117 live adult unionids representing 12 common species.  The low number of unionids collected is likely due to poor 

habitat quality within the site.  Most unionids were collected within 50m from the bank where some gravel is present and 

therefore substrate is more stable.  The majority of the study area is comprised of unstable, shifting sand.  The proposed 

construction area offers little suitable habitat for unionids and does not support a significant unionid community.  

Construction of the rock dikes should have no effect on unionids, and mitigation actions are likely unnecessary.   
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1.0  Introduction 

The St. Louis District Army Corps of Engineers (USACE) has proposed rock dike construction near Mississippi River 

Mile 291 (Figure 1-1).  In-stream construction activity associated with dike construction has the potential to disrupt the 

substrate and the animals therein.  Unionids (freshwater mussels) living within the area directly affected by construction 

could be crushed by equipment or permanently buried under excavation spoil.  Disruption of the substrate could result in 

displacement of unionids to unsuitable habitat, which could lead to reduced fitness or death.  Construction activities may 

also lead to altered flow patterns that may increase sedimentation, a major cause of unionid declines throughout North 

America (Fuller, 1974; Aldridge et al., 1987; Williams et al., 1993; Box and Mossa, 1999). 

 

The Mississippi River harbors a diverse unionid mussel community, consisting of approximately 53 species.  The 

proposed rock dike construction occurs in Pool 24 of the Mississippi River.  A total of 30 unionid species have been 

found in Pool 24, including the federally endangered Potamilus capax, and two species listed as endangered in Missouri 

(Table 1-1).  Potamilus capax individuals were previously transplanted into the slough behind Blackbird Island upstream 

of the project area.   

 

USACE contracted Ecological Specialists, Inc. (ESI) to conduct a unionid survey in the vicinity of the proposed dike 

construction area to characterize habitat and unionid communities with respect to density, distribution, and species 

composition (Appendix A).  Fieldwork for this survey was completed July 22 and 23, 2009. 

 

09-013 October 2009

1



   

  

2.0  Methods 

Water quality parameters were recorded at the beginning of each sampling day.  Temperature (°C), conductivity 

(microsiemens, !S), dissolved oxygen (DO, mg/L), and pH were measured using a Hydrolab Quanta water quality 

monitoring system.  Water clarity (Secchi depth, m) was also recorded, and a Marsh-McBirney digital flow meter was 

used to measure flow velocities.   

 

A combination of semi-quantitative, quantitative, and qualitative methods was used to survey the study area.  Semi-

quantitative sampling along transects was used to estimate unionid distribution and abundance (Dunn, 2000).  Ten semi-

quantitative transects were established within the study area.  Six of the ten transects (T1 through T6) originated on the 

Missouri bank and extended riverward perpendicular to flow; these transects were 250m long and spaced 100m apart.  

An additional four transects (T7 through T10), 100m in length, were established parallel with the bank near dike 290.4.   

Sampling along all transects involved a diver searching the substrate for unionids within a 1m wide path.  Each 10m 

section of transect was treated as a separate sample; the catch from each segment was individually recorded in order to 

track where species occurred along transects.  Depth (m) and substrate composition (Wentworth scale, Wentworth 1922) 

were recorded at the end of each 10m segment, and GPS coordinates were recorded at the riverward and shoreward ends 

of each transect. 

 

Quantitative sampling is necessary to accurately estimate density, age structure, and relative abundance (Miller and 

Payne, 1988; Cawley, 1993; Payne et al., 1997).  Quantitative sampling entailed a diver excavating all substrate within a 

0.25m2 quadrat to a depth of 15cm.  Excavated material was retrieved at the surface and processed through a series of 

nested sieves.  Ten quadrats were excavated within the study area.  Quantitative samples were collected in areas directly 

affected by dike construction and in areas likely to harbor mussels (based on results of semi-quantitative samples).  

 

The effort required to find protected species is often considerable and they are rarely collected in quantitative samples 

(Kovalak et al., 1986).  Therefore, qualitative sampling was used to estimate the species composition of the community 

and the probability of finding endangered species.  Qualitative samples entailed a diver searching the substrate for 

unionids, collecting all encountered shells within a specified time period.  Ten 10-minute qualitative searches were 

conducted within the study area.  Qualitative samples were collected in conjunction with quantitative samples such that 

the location of each quadrat sample served as the starting point for a timed search.  

 

Unionids were identified to species, and shell condition (live; fresh dead = lustrous nacre, periostracum intact and dead 

<1yr; weathered dead = weathered or chalky nacre, worn periostracum, dead several months to many years; subfossil = 

severely worn and fragmented shell, often void of periostracum, dead many years to many decades) was recorded.  Live 

individuals were aged (external annuli count) and measured (length in mm), and zebra mussel infestation was recorded.  

All live mussels were returned to the water following processing.   
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Metrics used to characterize unionid communities included: 

 

• unionid abundance (no. of unionids collected) 

• relative abundance of each species (% of total) 

• catch per unit effort (CPUE, number of unionids per 5min of search time; qualitative searches only) 

• rarefaction richness (richness based on equal number of unionids based on a regression of cumulative species 

vs. log of cumulative no. of individuals collected during sampling with samples randomized and the intercept 

set to 0, as no species occur if no individuals are collected) 

• Simpson’s diversity (D); expressed as 1-D; less diversity as value approaches zero  

• evenness (based on the slope of an exponential equation- y = aebx where y = relative abundance of species x, a = 

the intercept, e = constant 2.17828, b = slope of the line, and x = species rank: a steeper slope indicates species 

are less evenly distributed in the community, with a vertical line representing a situation where one species 

comprises more than 95% of the total number collected, and a horizontal line represents all species being 

equally represented in a community- maximum evenness)  
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3.0  Results  

3.1  Habitat 

The riverbank along the study site was gently sloped, depths along Transects 1 through 6 generally increased with 

distance from the bank.  The area along Transects 7 through 10 was fairly uniform in depth; depths ranged from 2.1m to 

3.0m and averaged 2.5m (Figure 3-1, Table 3-1).  Substrate was primarily sand or a mixture of sand and silt.  Patches of 

clay mixed in with sand and silt were observed along transects, and some gravel occurred near the bank (see Figure 3-1, 

Table 3-2). 

 

3.2  Unionid Community 

A total of 117 unionids representing 12 species were collected within the study site.  Amblema plicata (n=36) was the 

most abundant species followed by Obliquaria reflexa (n=17) and Quadrula quadrula (n=16) (Table 3-3).  Theoretical 

species richness was 10 species per 100 individuals, and the rarefaction slope was 5.22 ± 0.09 95%CI.  Based on 

individuals collected, evenness was -0.391 and the diversity index (Simpson’s 1- D) was 0.837.  

 

Sixty-three (63) live unionids were collected along semi-quantitative transects (Table 3-4).  Transects 1 and 4 were the 

most productive, each with ten live individuals.  Unionids were collected throughout the site but appear to be more 

abundant within 100m of the bank; out of the 46 unionids were collected in Transects 1-6, 34 occurred within 100m of 

the bank.  Location of semi-quantitative transects and number of unionids collected can be seen in Figure 3-2. 

 

A total of 24-0.25m2 quantitative samples were excavated within the study area.  Two quantitative samples yielded live 

individuals, each with one live P. ohiensis.  Locations of quantitative samples and number of unionids collected can be 

seen in Figure 3-2. 

 

Twenty-four (24) 5-minute qualitative samples were collected within study area.  Fifty-two (52) live unionids were 

collected during qualitative samples; the average catch per unit effort (CPUE, expressed as number of unionids per 5 

minutes of search time) was 2.2 (Table 3-5).  Location of qualitative searches and number of unionids collected can be 

seen in Figure 3-2. 
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4.0  Discussion 

The unionid community within the study area is sparse and patchy with most unionids collected within 50m of the bank.  

The low abundance of freshwater mussels throughout the majority of the study area is likely due to poor habitat.  

Unionids are rarely found in unstable substrate (Cvancara, 1970; Strayer and Ralley, 1991) because they are unable to 

maintain their natural position, and they may be buried or displaced during fluvial events.  Presence of gravel in the 

substrate near the bank may explain the occurrence of more unionids near the bank since the gravel can increase 

substrate stability.  The substrate riverward, and throughout the majority of the survey area, is mostly sand and silt and is 

therefore less stable. 

 

Construction of the proposed rock dikes is unlikely to require mitigation measures.  The study area contains generally 

poor habitat throughout and does not support a significant unionid community.  No state or federally listed species were 

collected, and no juveniles were collected suggesting that there is little to no recruitment in this area.  Unionids currently 

inhabiting the area are likely transitional and may have been deposited by high water events.  Construction activities 

should have no effect on unionids or unionid habitat in the vicinity of the proposed mooring cell.  
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Table 1-1.  Unionid species historically collected in Pool 24 of the Upper Mississippi River.1

Scientific name Common name Status2 Pool 243

Subfamily Cumberlandinae
Cumberlandia monodonta spectaclecase FC R

Subfamily Ambleminae
Amblema plicata threeridge A
Cyclonaias tuberculata purple wartyback H
Elliptio crassidens elephant ear H
Elliptio dilatata spike H
Fusconaia ebena ebonyshell MOE R
Fusconaia flava Wabash pigtoe R
Megalonaias nervosa washboard A
Plethobasus cyphyus sheepnose FC/MOE R
Pleurobema sintoxia round pigtoe R
Quadrula metanevra monkeyface R
Quadrula nodulata wartyback C
Quadrula pustulosa pimpleback C
Quadrula quadrula mapleleaf C
Tritogonia verrucosa pistolgrip R

Subfamily Anodontinae
Anodonta suborbiculata flat floater H
Arcidens confragosus rock pocketbook R
Lasmigona complanata white heelsplitter R
Pyganodon grandis giant floater R
Strophitus undulatus strange floater R
Utterbackia imbecillis paper pondshell R

Subfamily Lampsilinae
Actinonaias ligamentina mucket R
Ellipsaria lineolata butterfly A
Lampsilis cardium plain pocketbook C
Lampsilis higginsii Higgins eye H
Lampsilis teres yellow sandshell R
Leptodea fragilis fragile papershell C
Ligumia recta black sandshell R
Obliquaria reflexa threehorn wartyback A
Obovaria olivaria hickorynut C
Potamilus alatus pink heelsplitter R
Potamilus capax fat pocketbook FE/MOE R
Potamilus ohiensis pink papershell R
Truncilla donaciformis fawnsfoot C
Truncilla truncata deertoe A

Live species 30
Historic 5
Total species 35
1Kelner (2007)
2FE = Federally listed endangered species, FC=Candidate for federal endangered status (USFWS, 2009)
 MOE=Missouri Endangered species (MDC, 2009)
3H = Records of occurrence but no live collections have been documented in the past ~25 years.
 R = Rare, does not usually appear in sample collections, populations are small either naturally or have declined and may or may not be near extirpation.
 C = Commonly taken in most samples; can make up a large portion of some samples.
 A = Abundantly taken in most samples.
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Table 3-3.  Unionids collected by sampling method, Mississippi River Mile 291, July 2009.  

Species Qualitative Quantitiative Semi-Quantitative Total % rel abund

Amblema plicata 24 12 36 30.8
Arcidens confragosus 1 1 0.9
Fusconaia flava 2 1 3 2.6
Lampsilis cardium 1 1 0.9
Lampsilis teres WD 1 1 0.9
Obliquaria reflexa 4 13 17 14.5
Obovaria olivaria 1 12 13 11.1
Potamilus alatus WD 0.0
Potamilus ohiensis 1 2 WD 3 2.6
Pyganodon grandis 1 1 2 1.7
Quadrula nodulata 2 8 10 8.5
Quadrula p. pustulosa 8 6 14 12.0
Quadrula quadrula 7 9 16 13.7

Total no. live 52 2 63 117
Total live species 11 1 9 12

Rarefaction slope (ave.) 5.222
cum. Ind = 100 10
cum. Ind = 500 14
Evenness -0.3906
Simpson's Diversity Index (1-d) 0.814
CPUE2 2.17
Density3 0.33

1FD=freshly dead shell, WD=weathered shell
2CPUE=Catch per unit effort, live unionids collected per 5min search time, averaged for qualitative searches
3Density is live unionids per 1m2, averaged for quantitative searches

Sampling method1
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Scope of Work 
Pre-Project Assessment of Mussels  
MRM 289.89 – 291.1 
D&R Rock Work  
 
The U.S. Army Corps of Engineers (USACE) is proposing to construct two rock dikes.  As part of this 
process, rock would be permanently placed in the river.  A potential exists for mussels to be impacted by the 
proposed actions.  Figure 1 displays the project area between MRM 289.9 and 291.1 outlined with a dashed 
blue line.   
 
The purpose of this survey will be to thoroughly investigate the project area for the potential presence of 
mussels and their habitat.  It will investigate the footprint of the project where direct impacts could occur as 
well as secondary areas where indirect impacts are possible.  This mussel survey will serve as the primary 
source of data for decision-making concerning potential impacts in the project area.  Fat pocketbook mussels, 
Potamilus capax, were transplanted into the slough behind Blackbird Island upstream of the project area.  
There is some speculation mussels may have drifted down to the project area, but surveys in the slough did 
not reveal them.    
 
The extent of the requested surveys will encompass areas that could be adversely impacted by the proposed 
dikes (Figure 2).  The Contractor will identify mussel beds and/or habitats that occur within these areas.  
Efforts will encompass semi-quantitative, quantitative, and qualitative methods.  These will be broken into 3 
separate tasks.  Transects will be established to characterize the mussel communities in terms of species 
distribution, abundance, and habitat (substrate).  Quantitative methods will entail collecting 0.25m2 quadrat 
samples to determine approximate mussel densities in areas of high abundance.  Qualitative timed searches 
(approximately one hour) will be employed to further determine distribution and species richness.  All survey 
efforts will begin in direct impact areas, then move to indirect impact areas, and finish with areas thought to 
be outside of the project impact.  Particular attention will be given to any habitat suitable for fat pocketbook 
mussels, Potamilus capax, which could be impacted by the project area. 
 
If any area exceeds established safety standards, it will not be sampled by divers.  The Contractor will yield 
right-of-way to barges and tows at all times during the survey.   
 
 
Task 1 - Semi-quantitative Sampling 
1. Divers will collect unionids from 10 transects in the study area (Figure 1).  
2. Sampling will begin upstream and downstream of the proposed work.   
3. For transects, in areas where transect line placement will be in the navigation path, lines will not be set, 

rather the diver will navigate along the path that the line would have been placed (theoretical line).   
4. One (1), 7, and 2 theoretical transects will be up-river, between dikes, and down-river of the dikes, 

respectively.   
5. Six (6) theoretical transects will begin at the bank and a diver will collect along a path approximately 1m 

wide for approximately 250m towards the channel.  Each of these transects will be approximately 100m 
apart.  Four theoretical transects will be placed parallel with the bank in-line with proposed Dike 290.7, 
equidistance from the bank and the riverward-most limit of dike construction. 

6. Each transect will be broken into 10m segments.  The catch from each segment will be individually 
recorded.  The purpose of this is to track where species occurred along the transects.   

7. A minimum or 30-45 minutes will be spent collecting along the theoretical transects.   
8. Divers will collect all unionids and shell encountered along the transect using visual and tactile searching 

within a 1m wide swath.   
9. Unionids will be identified, classified as adult (A) or juvenile (J), and evaluated for zebra mussel 

infestation (I = infested; C = clear) and coverage (% of shell), if infested. 
10. Substrate and depth will be recorded a minimum of 10 times while the diver is searching and/or when a 
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change in substrate is evident.  The distance from the bank of each habitat record will be noted using a 
rangefinder.  Substrate will be characterized using the Wentworth scale. 

11. The beginning and end of each transect will be recorded with a Global Positioning System (GPS). 
 
Task 2 - Quantitative Sampling 
1. The project malacologist and accompanying USACE representative will use professional judgment in the 

field to determine where and how many quantitative samples should be collected.   
2. Placement will be based on distribution and abundance of unionids collected during semi-quantitative 

sampling, proximity to areas of impact, and habitats suitable to unionid colonization, particularly for rare 
species. 

3. At a minimum, if deemed necessary, ten (10) quadrats will be collected in the project area (see Figure 1): 
the construction zone. 

4. Divers will excavate the substrate from 0.25m2 quadrats to a depth of 15cm.  Excavated material will be 
retrieved at the surface and processed through a series of nested sieves (minimum size sieve = 3cm).   

5. Unionids collected from quadrats will be identified, aged, measured (length in mm), and evaluated for 
zebra mussel infestation (as described above).   

6. Substrate composition and depth will be recorded for each sample.   
7. Quadrat sample locations will be recorded with a GPS.  
8. All other locations will be completed prior to starting sampling above the L-dike.  
 
Task 3- Qualitative Sampling 
1. In areas where unionid abundance is high (as determined by the malacologist in the field) and in areas 

where direct impact for construction could occur, a series of 10 minute spot dives will be administered.  
Priority will be given to areas where direct impacts could occur. 

2. At a minimum, 30 minutes will be spent in each of the areas described above (see Figure 1).     
3. A diver will collect all unionids and shells encountered for the duration of the sample.   
4. Unionids collected will be placed in a mesh-collecting bag and retrieved to the surface.   
5. Unionids will be identified, classified as adult (A) or juvenile (J) and evaluated for zebra mussel 

infestation as described above.    
6. Locations of qualitative samples will be recorded with a GPS.  
 
Water quality will be recorded each day of sampling.  Parameters will include: 
1. Temperature (surface and bottom) 
2. Dissolved oxygen (surface and bottom) 
3. Current velocity (surface and bottom) 
4. Transparency (Secchi disk at surface only) 
5. Feet NGVD/pool height (daily) 
 
Unionid parameters collected during semi-quantitative and qualitative samples will include: 
1. Identification to species 
2. Age classification of adult (A) or juvenile (J) based on external annuli.  Juveniles are classified as ≤3 

external annuli for anodontines and lampsilines, and ≤5 external annuli for amblemines.   
3. Zebra mussel infestation noted as “I” for infested or “C” for clear and if infested the extent (%) of the 

unionid covered by zebra mussels.   
4. Unionids collected from quantitative samples will be further classified as to external annuli count and 

measured for shell length to the nearest millimeter (mm).  
 

Data Analysis 
1. Abundance 

a. Relative species abundance – total number of individuals of a species expressed as a percentage of 
the total number of individuals of all species. 
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b. Index of species density – Catch-per-unit-effort (CPUE) expressed as the number of individuals of 
each species collected during timed search. 

c. Density – average number of individual unionids per meter square from transect (semi-quantitative) 
and quadrat (quantitative) sampling.  

2. Composition 
a. Family groups - i.e. Ambleminae, Anodontinae, Lampsilinae, etc. 
b. Size frequency distributions – percentage of population within 5-mm shell length intervals. 
c. Age class frequency distributions – percentage of population within each age class 

 
Threatened/Endangered Species 
1. Should individuals of any federally threatened or endangered species be captured at any time during 

fieldwork, the contractor shall, as soon as it is convenient, but not to exceed the following workday, 
notify the USACE Project Biologist. 

2. Any federally protected mussels shall be sexed, aged, measured, photographed, and hand-placed back into 
the river at their recovery point. 

3. Measurements of federally protected mussels shall include shell length, width, and height. 
 
Diving 
All diving activities will adhere to EM 385-1-1 (2008).  The Contractor shall submit a dive plan within 15 
days of contract award.  All dive activities and plans will need to be approved by the Districts’ point of 
contact for dive operations before fieldwork can begin.   
 
Reporting 
The Contractor will prepare, in draft and final forms, a technical report for this effort.  The report will consist 
of the following sections: Abstract (designed for insertion into NEPA document), Introduction, Methods, 
Results, Discussion (including professional recommendations), Summary, and Mitigation (Avoid, Minimize, 
Mitigate).  The report should include a characterization of mussel communities and habitat found within the 
project site.  This should include density, recruitment, distribution, and species composition at each sampled 
location.  Mussel presence and absence should be correlated with respect to substrate composition, water 
depth, water velocity, and water quality.  Maps reflective of actual sampling locations, abundance data, 
observed substrate types, velocities, and depths will be included with the technical report.  The Contractor 
shall assess potential project related direct and indirect impacts to mussel beds and provide suggestions for 
avoidance, minimization, and mitigation wherever impacts could occur.  
 
Shapefiles will be created and each will have an accurately populated attribute table representing substrate, 
density, and species composition at each sampling location.  The shapefiles will utilize Projected Coordinate 
System WGS_1984_UTM_Zone_15N.  Each shapefile will be complete with metadata adhering to the federal 
spatial data standards. 
 
This scope of work should be included as an appendix to the report. 
 
The Technical Contracting Officer’s Representative (TCOR) will be notified when the Draft Report is 
complete and three copies of the report and one CD of GIS data will be provided.  The Contractor will be 
responsible for any revisions reported by the TCOR.  The TCOR will be notified when the Final Report and 
associated materials are delivered.  The final deliverable product shall consist of six copies of the final report 
along with 2 compact discs (each containing a copy of the final and all pertaining material).  One copy of 
original field collection data/notes, GIS data, photo logs, photographs, and negatives shall be provided with 
the final report.  These materials will be delivered to the TCOR.   
 
Work on this survey should begin at the earliest suitable date in Fiscal Year 2009.  The Contractor shall 
submit the Draft within 45 days of completing the fieldwork and the Final within 30 days of receipt of 
USACE comments.   

09-013 October 2009



 
The payment schedule will be as follows: 
 
Tasks/Milestone       Percent of Contract Amount 
 
 
100 Percent Field Work Completion**      64%  
 
Submittal of Draft Report       26% 
 
USACE Acceptance of Final Report      10% 
____________________________________________________________________________________ 
**Completion of fieldwork shall be documented by letter submitted by the Contractor to the USACE 
Technical Contracting Officer’s Representative. 
 
The Contractor shall make provisions to allow USACE personnel to accompany them during fieldwork.  It is 
the Contractor’s responsibility to contact the Project Biologist or other USACE personnel to determine 
current field conditions regarding water levels and other conditions that might affect initiation or completion 
of the survey. 
 
Francis Walton is the TCOR/Project Biologist for this work.  He will be notified by the Contractor at least 1 
week prior to the commencement of fieldwork.  He may be reached by phone: 314.331.8487, FAX 
314.331.8806, or E-mail: Francis.J.Walton@usace.army.mil and by mail at: Attn: Francis Walton, PM-E; 
Corps of Engineers; 1222 Spruce St.; St. Louis, Missouri 63103-2833.   
 
Todd Werdebaugh is the St. Louis District Corps’ Point of Contact (POC) for Contract Diving Operations.  
He may be reached by phone: 314.331-8570, E-mail: todd.m.werdebaugh@usace.army.mil.  He shall be 
contacted to arrange for the USACE Dive Inspector’s presence at all dive operations.  Dive and dive safety 
related questions should be addressed to him.
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Appendix B.  Water quality data recorded at Mississippi River Mile 291, August 2009.

Temperature
ºC

Dissolved 
oxygen
mg/L

Flow
ft/second

7/22/09 Surface 23.5 7.65 0.20
Bottom 23.5 7.51 0.60

7/23/09 Surface 23.26 7.42 0.40
Bottom 23.27 7.25 0.15

Date

Water quality parameter
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1.0  Introduction 

The St. Louis District Army Corps of Engineers (USACE) has proposed chevron dike construction at the Gilbert Island 

Complex, Mississippi River Miles 297.7 to 298.6 (Figure 1-1).  In-stream construction activity associated with dike 

construction has the potential to disrupt the substrate and the animals therein.  Unionids (freshwater mussels) living 

within the area directly affected by construction could be crushed by equipment or permanently buried under excavation 

spoil.  Disruption of the substrate could result in displacement of unionids to unsuitable habitat, which could lead to 

reduced fitness or death.  Construction activities may also lead to altered flow patterns that may increase sedimentation, a 

major cause of unionid declines throughout North America (Fuller, 1974; Aldridge et al., 1987; Williams et al., 1993; 

Box and Mossa, 1999).  Placement of Chevron Dikes should divert flow into the thalweg, decreasing the need for 

dredging.  Unionid distribution is closely related to local hydraulic patterns (Morales et al., 2006; Zigler et al., 2008).  

Changing local hydraulic patterns could affect unionid distribution in the study area. 

 

The Mississippi River harbors a diverse unionid mussel community, consisting of approximately 53 species.  The 

proposed rock dike construction occurs in Pool 24 of the Mississippi River.  A total of 30 unionid species have been 

found in Pool 24, including the federally endangered Potamilus capax, and two species listed as endangered in Missouri 

(Table 1-1).  

 

USACE (through URS Corporation) contracted Ecological Specialists, Inc. (ESI) to conduct a unionid survey in the 

vicinity of the proposed dike construction area to characterize habitat and unionid communities with respect to density, 

distribution, and species composition (Appendix A).  Fieldwork for this survey was conducted November 1-3, 2010. 
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2.0  Methods 

Semi-quantitative and qualitative methods were used to survey the study area.  Semi-quantitative sampling along 

transects was used to estimate unionid distribution and abundance (Dunn, 2000).  Nine (9) semi-quantitative transects 

were established within the study area.  Five (5) of the nine transects (T1 through T5) originated on the Illinois bank and 

extended 300m riverward perpendicular to flow (Figure 1-1).  An additional four transects were established downstream 

extending from the island shore (T6 to T8) and the Illinois bank (T9) downstream of the island to the navigation channel 

(see Figure 1-1).  Transect lengths for T6, T7, T8, and T9 were 150m, 50m, 50m, and 200m, respectively.  Sampling 

along all transects involved a diver searching the substrate for unionids within a 1m wide path.  Each 10m section of 

transect was treated as a separate sample; the catch from each segment was individually recorded in order to track where 

species occurred along transects.  Depth (m) and substrate composition (Wentworth scale, Wentworth 1922) were 

recorded at the end of each 10m segment, and GPS coordinates were recorded at the riverward and shoreward ends of 

each transect (Appendix B). 

 

The effort required to find protected species is often considerable and they are rarely collected in quantitative samples 

(Kovalak et al., 1986).  Therefore, qualitative sampling was used to estimate the species composition of the community 

and the probability of finding endangered species.  Qualitative samples entailed a diver searching the substrate for 

unionids, collecting all encountered shells within a specified time period.  Thirteen (13) 10-minute qualitative searches 

were conducted within the study area.  Four (4) were adjacent and upstream of the proposed construction, six were 

within the side channel (since transect sampling was not feasible within this area), and three were along the island shore 

(see Figure 1-1). 

 

Unionids were identified to species, and shell condition (live; fresh dead = lustrous nacre, periostracum intact and dead 

<1yr; weathered dead = weathered or chalky nacre, worn periostracum, dead several months to many years; subfossil = 

severely worn and fragmented shell, often void of periostracum, dead many years to many decades) was recorded.  Live 

individuals were characterized as adult or juvenile (!5 external annuli for Ambleminae and !3 external annuli for 

Anodontinae and Lampsilinae) and zebra mussel infestation was recorded.  All live mussels were returned to the water 

following processing.  Copies of field data sheets are in Appendix C. 
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3.0  Results  

3.1  Habitat 

The Illinois bank and island bank within the study area was greatly sloped within 10m of the bank, then depths typically 

gradually increased with distance from the bank.  Depths along Transects 1 through 5 ranged from 0.6m to 4.6m and 

increased upstream to downstream (Figure 3-1, Table 3-1).  The riverward ends of transects 6 through 9 were within the 

navigation channel and were deeper than the upstream transects ("5.8m).  Substrate was primarily sand with some 

cobble, gravel, silt, and clay encountered near the bank and at the tail of the island (see Figure 3-1, Table 3-2, Table 3-3). 

 

Habitat in the side channel differs from other areas in this study, likely due to the presence of a dike at the entrance, 

which restricts flow into the area.  Depth ranged from 1.2 to 4.3m and substrate varied but was generally silt with various 

proportions of gravel, sand, and clay (see Table 3-3).  The presence of silt in most of the samples is likely the result of 

restricted flow. 

 

3.2  Unionid Community 

A total of 68 adult unionids representing 8 species were collected within the study site.  Amblema plicata (n=47) was the 

most abundant species (Table 3-4).  Of the other live species (Fusconaia flava, Quadrula p. pustulosa, Quadrula 

nodulata, Quadrula quadrula, Lasmigona c. complanata, Lampsilis cardium, Obliquaria reflexa), five or fewer were 

collected.  Weathered dead shells of Pyganodon grandis, Leptodea fragilis, and Potamilus alatus were also collected.  

No juvenile unionids, state or federally listed unionid species, or zebra mussels were observed. 

 

Four (4) live unionids were collected along semi-quantitative transects (Table 3-5).  Only Transects 1 and 2 produced 

live unionids, which were collected within 20m of the bank.  Location of semi-quantitative transects and number of 

unionids collected can be seen in Figure 3-2. 

 

Thirteen (13) 10-minute qualitative samples were collected within study area.  The majority (64) of live unionids were 

collected during qualitative samples; the average catch per unit effort (CPUE, expressed as number of unionids per 10 

minutes of search time) was 4.9 (see Table 3-4).  Of the 64 live individuals, 58 were collected during spot dives 7 to 10 

(Table 3-6), which were along the Illinois bank shoreward and upstream of the proposed construction area (see Figure 3-

2).  Location of qualitative searches and number of unionids collected can be seen in Figure 3-2. 
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4.0  Discussion 

The unionid community within the study area is sparse and patchy with most unionids collected within 20m of the 

Illinois bank upstream and shoreward of the proposed chevron dikes.  The low abundance of freshwater mussels 

throughout the study area is likely due to poor habitat.  Unionids are rarely found in unstable substrate (Cvancara, 1970; 

Strayer and Ralley, 1991) because they are unable to maintain their natural position, and they may be buried or displaced 

during fluvial events.  Presence of gravel, silt, and clay in the substrate near the bank may explain the occurrence of more 

unionids near the bank since the gravel can increase substrate stability.  The substrate riverward, and throughout the 

survey area, is mostly sand and is therefore less stable. 

 

If habitat within approximately 20m of the Illinois bank adjacent to the proposed construction area will not be changed 

by altered hydraulics from the proposed dike design and locations, construction is unlikely to require mitigation 

measures.  The majority of the study area contains poor habitat throughout and does not support a significant unionid 

community.  No state or federally listed species were collected, and no juveniles were collected suggesting that there is 

little to no recruitment in this area. 
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Table 1-1.  Unionid species historically collected in Pool 24 of the Upper Mississippi River.1

Scientific name Common name Status2 Pool 243

Subfamily Cumberlandinae
Cumberlandia monodonta spectaclecase FC R

Subfamily Ambleminae
Amblema plicata threeridge A
Cyclonaias tuberculata purple wartyback 4.0 H
Elliptio crassidens elephant ear H
Elliptio dilatata spike H
Fusconaia ebena ebonyshell MOE R
Fusconaia flava Wabash pigtoe R
Megalonaias nervosa washboard A
Plethobasus cyphyus sheepnose FC/MOE R
Pleurobema sintoxia round pigtoe R
Quadrula metanevra monkeyface R
Quadrula nodulata wartyback C
Quadrula p. pustulosa pimpleback C
Quadrula quadrula mapleleaf C
Tritogonia verrucosa pistolgrip R

Subfamily Anodontinae
Anodonta suborbiculata flat floater H
Arcidens confragosus rock pocketbook R
Lasmigona c. complanata white heelsplitter R
Pyganodon grandis giant floater R
Strophitus undulatus strange floater R
Utterbackia imbecillis paper pondshell R

Subfamily Lampsilinae
Actinonaias ligamentina mucket R
Ellipsaria lineolata butterfly A
Lampsilis cardium plain pocketbook C
Lampsilis higginsii Higgins eye H
Lampsilis teres yellow sandshell R
Leptodea fragilis fragile papershell C
Ligumia recta black sandshell R
Obliquaria reflexa threehorn wartyback A
Obovaria olivaria hickorynut C
Potamilus alatus pink heelsplitter R
Potamilus capax fat pocketbook FE/MOE R
Potamilus ohiensis pink papershell R
Truncilla donaciformis fawnsfoot C
Truncilla truncata deertoe A

Live species 30
Historic 5
Total species 35
1Kelner (2007)
2FE = Federally listed endangered species, FC=Candidate for federal endangered status (USFWS, 2010)
 MOE=Missouri Endangered species (MDC, 2010)
3H = Records of occurrence but no live collections have been documented in the past ~25 years.
 R = Rare, does not usually appear in sample collections, populations are small either naturally or have declined and may or may not be near extirpation.
 C = Commonly taken in most samples; can make up a large portion of some samples.
 A = Abundantly taken in most samples.
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Depth (m) Substrate1

SD1 1.2 GR/SD/ST

SD2 1.5 SD/ST

SD3 4.0 GR/ST

SD4 3.7 ST/CL

SD5 3.1 SD

SD6 4.3 SD/CL

SD7 1.8 SD/ST

SD8 2.1 SD/ST/CL

SD9 2.1 SD/ST/CL

SD10 2.1 SD/ST/CL

SD11 1.8 SD/ST/CL

SD12 1.2 CB/CL

SD13 1.5 CB/SD

1BD = Boulder, CB = Cobble, GR = Gravel, SD = Sand, ST = Silt, CL = Clay, WD = Woody Debris

Spot Dive

Table 3-3.  Average substrate and depth (m) at spot dives, Mississippi River Miles 297.2 to 298.8, 
                  November 2010.

Average Observed

10-023 December 2010
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Table 3-4.  Unionids collected by sampling method, Mississippi River Miles 297.2 to 298.8, November 2010.

Species1 Qualitative Semi-Quantitative Total % Relative Abundance

Ambleminae
Amblema plicata 44 3 47 69.1
Fusconaia flava 3 - 3 4.4
Quadrula nodulata 2 - 2 2.9
Quadrula p. pustulosa 3 1 4 5.9
Quadrula quadrula 5 - 5 7.4
Total 57 4 61 89.7

Anodontinae
Lasmigona c. complanata 2 - 2 2.9
Pyganodon grandis WD2 - WD
Total 2 - 2 2.9

Lampsilinae
Lampsilis cardium 1 - 1 1.5
Leptodea fragilis WD - WD 0.0
Quadrula p. pustulosa 4 - 4 5.9
Potamilus alatus WD - WD 0.0
Total 5 0 5 7.4

Total no. live 64 4 68 100.0
Total live species 8 2 8

CPUE3 4.9 -
Density4 - 0.03
Juveniles5 - - 0 0.0
Mortality6 - - 0 0.0

1Turgeon et al.  (1998)
2WD=weathered shell
3CPUE=Catch per unit effort, live unionids collected per 10min search time, averaged for qualitative searches
4Density=number live unionids per 10m2 transect sample
5Juvenile=!5 external annuli for Ambleminae and !3 external annuli for Anodontinae and Lampsilinae)
6Mortality=no. fresh dead unionids/no. fresh dead + no. live

Sampling method
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Appendix A.  Scope of Work (SOW) 
  





























  

 

 

 

 

 

 

 

Appendix B.  GPS Coordinates 
  



Sample ID Transect Distance (m) Easting Northing
201011011401 1 10 653480.3910 4386969.6594
201011011402 1 20 653474.4450 4386962.6294
201011011403 1 30 653468.4990 4386955.5993
201011011404 1 40 653462.5530 4386948.5693
201011011405 1 50 653456.6070 4386941.5392
201011011406 1 60 653450.6611 4386934.5092
201011011407 1 70 653444.7151 4386927.4791
201011011408 1 80 653438.7691 4386920.4491
201011011409 1 90 653432.8231 4386913.4190
201011011410 1 100 653426.8771 4386906.3890
201011011411 1 110 653420.9312 4386899.3589
201011011412 1 120 653414.9852 4386892.3289
201011011413 1 130 653409.0392 4386885.2988
201011011414 1 140 653403.0932 4386878.2688
201011011415 1 150 653397.1472 4386871.2387
201011011416 1 160 653391.2013 4386864.2087
201011011417 1 170 653385.2553 4386857.1786
201011011418 1 180 653379.3093 4386850.1485
201011011419 1 190 653373.3633 4386843.1185
201011011420 1 200 653367.4173 4386836.0884
201011011421 1 210 653361.4714 4386829.0584
201011011424 1 220 653355.5254 4386822.0283
201011011425 1 230 653349.5794 4386814.9983
201011011426 1 240 653343.6334 4386807.9682
201011011429 1 250 653337.6875 4386800.9382
201011011422 1 260 653331.7415 4386793.9081
201011011423 1 270 653325.7955 4386786.8781
201011011427 1 280 653319.8495 4386779.8480
201011011428 1 290 653313.9035 4386772.8180
201011011430 1 300 653307.9576 4386765.7879
201011011431 2 10 653691.8839 4386814.3741
201011011432 2 20 653688.3688 4386805.8001
201011011433 2 30 653684.8538 4386797.2260
201011011434 2 40 653681.3388 4386788.6520
201011011435 2 50 653677.8238 4386780.0780
201011011436 2 60 653674.3087 4386771.5039
201011011437 2 70 653670.7937 4386762.9299
201011011438 2 80 653667.2787 4386754.3559
201011011439 2 90 653663.7637 4386745.7818
201011011440 2 100 653660.2486 4386737.2078
201011011441 2 110 653656.7336 4386728.6338
201011011442 2 120 653653.2186 4386720.0597
201011011443 2 130 653649.7035 4386711.4857
201011011444 2 140 653646.1885 4386702.9116
201011011445 2 150 653642.6735 4386694.3376
201011011446 2 160 653639.1585 4386685.7636
201011011447 2 170 653635.6434 4386677.1895
201011011448 2 180 653632.1284 4386668.6155
201011011449 2 190 653628.6134 4386660.0415
201011011450 2 200 653625.0984 4386651.4674
201011011451 2 210 653621.5833 4386642.8934
201011011452 2 220 653618.0683 4386634.3193
201011011453 2 230 653614.5533 4386625.7453
201011011454 2 240 653611.0383 4386617.1713
201011011455 2 250 653607.5232 4386608.5972
201011011456 2 260 653604.0082 4386600.0232
201011011457 2 270 653600.4932 4386591.4492
201011011458 2 280 653596.9781 4386582.8751
201011011459 2 290 653593.4631 4386574.3011
201011011460 2 300 653589.9481 4386565.7271
201011021401 3 10 653862.4119 4386672.4262
201011021402 3 20 653857.8457 4386664.0492
201011021403 3 30 653853.2794 4386655.6723
201011021404 3 40 653848.7132 4386647.2954
201011021405 3 50 653844.1469 4386638.9184
201011021406 3 60 653839.5807 4386630.5415
201011021407 3 70 653835.0144 4386622.1646
201011021408 3 80 653830.4482 4386613.7877
201011021409 3 90 653825.8819 4386605.4107
201011021410 3 100 653821.3157 4386597.0338
201011021411 3 110 653816.7494 4386588.6569
201011021412 3 120 653812.1832 4386580.2799



Sample ID Transect Distance (m) Easting Northing
201011021413 3 130 653807.6169 4386571.9030
201011021414 3 140 653803.0507 4386563.5261
201011021415 3 150 653798.4844 4386555.1491
201011021416 3 160 653793.9182 4386546.7722
201011021417 3 170 653789.3519 4386538.3953
201011021418 3 180 653784.7857 4386530.0183
201011021419 3 190 653780.2194 4386521.6414
201011021420 3 200 653775.6532 4386513.2645
201011021421 3 210 653771.0869 4386504.8875
201011021422 3 220 653766.5207 4386496.5106
201011021423 3 230 653761.9544 4386488.1337
201011021424 3 240 653757.3882 4386479.7567
201011021425 3 250 653752.8219 4386471.3798
201011021426 3 260 653748.2557 4386463.0029
201011021427 3 270 653743.6894 4386454.6259
201011021428 3 280 653739.1232 4386446.2490
201011021429 3 290 653734.5569 4386437.8721
201011021430 3 300 653729.9907 4386429.4951
201011021431 4 10 654043.4194 4386565.7271
201011021432 4 20 654040.0686 4386557.1859
201011021433 4 30 654036.7178 4386548.6447
201011021434 4 40 654033.3670 4386540.1035
201011021435 4 50 654030.0163 4386531.5624
201011021436 4 60 654026.6655 4386523.0212
201011021437 4 70 654023.3147 4386514.4800
201011021438 4 80 654019.9639 4386505.9388
201011021439 4 90 654016.6132 4386497.3977
201011021440 4 100 654013.2624 4386488.8565
201011021441 4 110 654009.9116 4386480.3153
201011021442 4 120 654006.5608 4386471.7741
201011021443 4 130 654003.2101 4386463.2330
201011021444 4 140 653999.8593 4386454.6918
201011021445 4 150 653996.5085 4386446.1506
201011021446 4 160 653993.1577 4386437.6094
201011021447 4 170 653989.8070 4386429.0683
201011021448 4 180 653986.4562 4386420.5271
201011021449 4 190 653983.1054 4386411.9859
201011021450 4 200 653979.7546 4386403.4447
201011021451 4 210 653976.4039 4386394.9036
201011021452 4 220 653973.0531 4386386.3624
201011021453 4 230 653969.7023 4386377.8212
201011021454 4 240 653966.3515 4386369.2800
201011021455 4 250 653963.0008 4386360.7389
201011021456 4 260 653959.6500 4386352.1977
201011021457 4 270 653956.2992 4386343.6565
201011021458 4 280 653952.9484 4386335.1153
201011021459 4 290 653949.5977 4386326.5742
201011021460 4 300 653946.2469 4386318.0330
201011021461 5 10 654276.8237 4386465.6966
201011021462 5 20 654273.8014 4386456.7612
201011021463 5 30 654270.7792 4386447.8258
201011021464 5 40 654267.7569 4386438.8904
201011021465 5 50 654264.7346 4386429.9550
201011021466 5 60 654261.7124 4386421.0197
201011021467 5 70 654258.6901 4386412.0843
201011021468 5 80 654255.6678 4386403.1489
201011021469 5 90 654252.6456 4386394.2135
201011021470 5 100 654249.6233 4386385.2781
201011021471 5 110 654246.6010 4386376.3427
201011021472 5 120 654243.5788 4386367.4073
201011021473 5 130 654240.5565 4386358.4719
201011021474 5 140 654237.5342 4386349.5365
201011021475 5 150 654234.5120 4386340.6011
201011021476 5 160 654231.4897 4386331.6657
201011021477 5 170 654228.4674 4386322.7303
201011021478 5 180 654225.4452 4386313.7949
201011021479 5 190 654222.4229 4386304.8595
201011021480 5 200 654219.4007 4386295.9241
201011021481 5 210 654216.3784 4386286.9887
201011021482 5 220 654213.3561 4386278.0533
201011021483 5 230 654210.3339 4386269.1179
201011021484 5 240 654207.3116 4386260.1826



Sample ID Transect Distance (m) Easting Northing
201011021485 5 250 654204.2893 4386251.2472
201011021486 5 260 654201.2671 4386242.3118
201011021487 5 270 654198.2448 4386233.3764
201011021488 5 280 654195.2225 4386224.4410
201011021489 5 290 654192.2003 4386215.5056
201011021490 5 300 654189.1780 4386206.5702
201011021491 9 10 655541.9704 4385821.6912
201011021492 9 20 655540.2657 4385812.4152
201011021493 9 30 655538.5609 4385803.1392
201011021494 9 40 655536.8561 4385793.8632
201011021495 9 50 655535.1513 4385784.5872
201011021496 9 60 655533.4466 4385775.3112
201011021497 9 70 655531.7418 4385766.0352
201011021498 9 80 655530.0370 4385756.7592
201011021499 9 90 655528.3322 4385747.4832
201011031401 9 100 655526.6274 4385738.2072
201011031402 9 110 655524.9227 4385728.9312
201011031403 9 120 655523.2179 4385719.6552
201011031404 9 130 655521.5131 4385710.3791
201011031405 9 140 655519.8083 4385701.1031
201011031406 9 150 655518.1035 4385691.8271
201011031407 9 160 655516.3988 4385682.5511
201011031408 9 170 655514.6940 4385673.2751
201011031409 9 180 655512.9892 4385663.9991
201011031410 9 190 655511.2844 4385654.7231
201011031411 9 200 655509.5796 4385645.4471
201011031422 6 10 654754.1117 4386097.0130
201011031423 6 20 654752.0703 4386088.9834
201011031424 6 30 654750.0289 4386080.9537
201011031425 6 40 654747.9874 4386072.9241
201011031426 6 50 654745.9460 4386064.8944
201011031427 6 60 654743.9046 4386056.8648
201011031428 6 70 654741.8631 4386048.8351
201011031429 6 80 654739.8217 4386040.8055
201011031430 6 90 654737.7802 4386032.7758
201011031431 6 100 654735.7388 4386024.7462
201011031432 6 110 654733.6974 4386016.7165
201011031433 6 120 654731.6559 4386008.6869
201011031434 6 130 654729.6145 4386000.6572
201011031435 6 140 654727.5731 4385992.6276
201011031436 6 150 654725.5316 4385984.5979
201011031437 7 10 654954.1726 4385997.9353
201011031438 7 20 654947.5039 4385987.9322
201011031439 7 30 654940.8352 4385977.9292
201011031440 7 40 654934.1665 4385967.9262
201011031441 7 50 654927.4978 4385957.9231
201011031442 8 10 655347.6256 4385791.2057
201011031443 8 20 655342.8623 4385779.7737
201011031444 8 30 655338.0989 4385768.3416
201011031445 8 40 655333.3356 4385756.9096
201011031446 8 50 655328.5722 4385745.4775



  

 

 

 

 

 

 

 

Appendix C. Field Data Sheets 
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