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1.0 Introduction 

The Iowa and Illinois Departments of Transportation are replacing the Interstate 74 bridge over the Mississippi River. 

The existing bridge is located in Pool 15 near river mile 486, and connects the cities of Bettendorf, Iowa (Scott County) 

and Moline, Illinois (Rock Island County; Figure 1-1). Pool 15 is known to harbor a species-rich unionid (freshwater 

mussel) community, including several federally endangered species, and the bridge project area overlaps the Sylvan 

Slough Lampsilis higginsii Essential Habitat Area (EHA). Therefore, Ecological Specialists, Inc. (ESI) was contracted to 

conduct a mussel survey in the bridge project area in 2014. The 2014 survey results indicated that a dense, species-rich 

mussel bed was present on the Illinois (left descending) bank beneath both the proposed and existing bridge alignments 

(Table 1-1; ESI, 2014). Three (3) federally endangered species (Cumberlandia monodonta, Plethobasus cyphyus, L. 

higginsii) and 2 Illinois threatened species (Ellipsaria lineolata, Ligumia recta) were collected within this bed. Although 

unionid abundance was lower, C. monodonta, L. higginsii, and the Iowa threatened E. lineolata were collected near the 

existing bridge on the Iowa bank as well (Table 1-1; ESI, 2014). 

 

A mussel mitigation task force was formed following the 2014 survey to aid in developing mitigation options for the 

bridge project. This task force was composed of representatives from ESI, Stantec Consulting Services, Inc. (Stantec), 

Iowa Department of Transportation, Illinois Department of Transportation, Iowa Department of Natural Resources 

(IADNR), Illinois Department of Natural Resources (ILDNR), U.S. Fish and Wildlife Service (USFWS), Illinois Natural 

History Survey, and the Federal Highway Administration. The task force determined that unionids would need to be 

relocated from project impact areas, and proposed additional studies and monitoring projects to mitigate impacts to 

unionids. A Biological Assessment (BA) was prepared to evaluate effects of the bridge replacement project on federally 

endangered species (Stantec, 2016). A Conservation Plan (CP) was prepared to evaluate effects of the bridge 

replacement project on Illinois state threatened and endangered (T&E) species (Appendix A of the BA). The BA 

identified the Action Area for the bridge project; the Action Area for the new bridge includes the construction footprint 

for the new bridge plus a 15 m (50 ft) buffer on the upstream and downstream sides (Figure 1-1). The Action Area 

extends from the shore to the navigation channel on both banks. Because it is regularly dredged by the U.S. Army Corps 

of Engineers and no impacts to unionids are expected, the navigation channel is not included in the Action Area. Also 

included in the Action Area is a small, approximately 15 m (50-ft) square area on the Illinois bank downstream of the 

new bridge corridor that may be impacted by construction of a stormwater outfall. 

 

USFWS issued a final Biological Opinion (BO) in response to the BA on July 14, 2016. The BO concluded that the 

bridge project would not jeopardize the continued existence of C. monodonta, P. cyphyus, or L. higginsii, but that 

incidental take of these species would occur. Therefore, several Reasonable and Prudent Measures (RPMs) were 

identified to minimize impacts to federally listed species. Several RPMs pertained to unionid relocation and monitoring, 

including: 

• Relocation of unionids from construction and demolition areas to approved relocation areas, 

• Sampling within mussel relocation areas before and after relocation to assess the health of relocated unionids, 

and 
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• Sampling within the new bridge Action Area before and after bridge construction to evaluate impacts of 

construction on unionids. 

An Incidental Take Authorization (ITA) was also issued in response to the CP to allow the incidental take of Illinois state 

T&E species. ILDNR, Iowa DOT, and Illinois DOT signed the Incidental Take Authorization in July 2016. The RPMs 

were included in the ITA as mitigation. ESI was contracted to conduct baseline (pre-relocation) sampling in the new 

bridge Action Area and relocation areas, and to relocate unionids from direct impact areas in the new bridge Action 

Area. Baseline data will be compared to data collected in future years to evaluate impacts of construction, unionid 

recolonization within the construction area, and survival and health of relocated unionids.  
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2.0 Methods 

2.1 Construction area baseline sampling 

The RPMs set forth in the BO and ITA included sampling in the new bridge footprint to quantify the effects of 

construction on unionids and to determine the rate at which unionids recolonize the construction area. The new bridge 

Action Area was sampled prior to relocating unionids to provide baseline (pre-relocation and pre-construction) data on 

the unionid community. Quantitative samples were used to determine unionid density and community metrics. To 

achieve a confidence interval within 20-25% of the mean, 100 samples were collected in the Illinois portion of the 

Action Area. Samples were arranged in a three random start design (Strayer and Smith, 2003) for statistical validity. Due 

to high variability in the Iowa Action Area, and because depth is great enough that construction barges should not 

directly impact the substrate, samples in the Iowa Action Area were concentrated around the shoreward pier, where 

unionids were most abundant in the 2014 survey. Twenty (20) randomly distributed quantitative samples were collected 

in and adjacent to the pier footprint, and 30 randomly distributed samples were collected in the area between the 

shoreward 2 piers. For each sample, a diver excavated all substrate within a 0.25-m2 quadrat frame into an attached mesh 

bag (6 mm mesh). Substrate was sieved through 12 and 6 mm sieves and all unionids were retrieved from the sample. 

Unionids were identified to species, measured (length in mm), and aged (external annuli count). Height and width (mm) 

were also measured for federally endangered species, and L. higginsii were marked with a unique ID number using a 

Dremel tool. Zebra mussel infestation was recorded for all live unionids. Dead shells were identified and categorized as 

either fresh dead (dead within the past year, nacre shiny, hinge flexible, valves attached, with or without tissue), 

weathered dead (dead many months to years, nacre chalky, hinge brittle, valves typically separated, periostracum intact), 

or subfossil (dead many years to decades, periostracum eroded, valves separate, very chalky). Fresh dead shells were 

counted to estimate mortality. At least 1 individual of each species was photographed, and a dead shell of each species (if 

available) was retained as a voucher. Depth, substrate composition, and GPS coordinates were recorded for each sample. 

Density estimates in 2014 and 2016 were compared using SYSTAT 13 (Systat Software, San Jose, CA). Data were first 

tested for normality. Pairwise comparisons between years were then made using the Wilcoxon signed-rank test. 

 

2.2 Relocation 

Illinois bank 

Eleven (11) piers will be constructed on the Illinois bank (Figure 2-1). Unionid density was high in the shoreward 

portion of the area, averaging 31.9 mussels/m2 from the Illinois bank to halfway between Piers 5 and 6. Density 

decreased sharply to 0.4 mussels/m2 riverward of this point (ESI, 2014). Much of the area from the bank to Pier 5 is <2 

m (6 ft) deep (based on bathymetry data from the U.S. Army Corps of Engineers) and may need to be dredged to allow 

barge access. Although both pier construction and dredging may affect unionids, to reduce the relocation effort to a more 

manageable level, unionids were only relocated from the first 5 piers on the Illinois bank, plus 10-m (33-ft) buffers 

around each pier footprint. Unionids were also relocated from the outfall construction area downstream of the new bridge 

corridor (Figure 2-1).  

 

Each pier plus buffer area was approximately 90 m (295 ft) long and 30 m (98 ft) wide. A 30 m (98 ft) x 91 m (300 ft) 
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grid was established at each pier using lines, weights, and buoys. Each grid was then divided into 60 3 m (10 ft) x 15 m 

(50 ft) cells (Figure 2-2). An additional row of cells (3 m [10 ft]) was added to the upstream and downstream ends of the 

Pier 1 search grid, as this pier was slightly longer than the others. A diver searched each cell by hand, disturbing the top 

10 cm (4 inches) of substrate, and collecting all unionids encountered. The number of unionids collected in each cell was 

recorded. To ensure that at least 90% of unionids were removed, additional passes of each cell were conducted until the 

final pass yielded <10% of the cumulative number of unionids collected in that cell. Different divers were used for each 

pass as an additional quality assurance measure. On average, approximately 55-60 dive days were spent in each pier. The 

outfall area was also delineated by lines, weights, and buoys, but was not gridded off into smaller cells. This area was 

searched to diminishing returns in the same manner as the pier areas. Approximately 2 dive days were spent in the outfall 

area. A dive day consisted of 6-8 hours of diving with one diver in the water. 

 

Collected mussels were brought to the surface, counted, and placed in mesh bags suspended in a holding tank equipped 

with a well pump to refresh the water or in buckets before being transported to the processing area by boat. The 

processing area was located on the Illinois bank approximately 100 m (330 ft) downstream of the existing bridge. 

Mussels were briefly exposed to air during transport, but were held in water (holding tanks or buckets) while awaiting 

processing. Buckets were kept in the shade on the boats and banks when air temperatures were high, and water was 

changed frequently to ensure that the temperature remained similar to the ambient river temperature and that dissolved 

oxygen was not depleted. All unionids were first marked with a slash on the anterior margin of the shell using a Dremel 

tool, with the exception of C. monodonta and individuals too small to etch without damaging the shell. Common and 

state-listed species were distributed among relocation areas at 3 unionid beds identified in 2015 (Illiniwek Park, Eagle’s 

Landing, and Upstream; Figure 2-3). Two (2) relocation areas were established in each bed, resulting in 6 possible areas 

in which unionids could be placed. Individuals were assigned to 1 of the 6 relocation areas using a random number list to 

avoid bias. Following sorting, unionid data were recorded; unionids were processed in groups based on their assigned 

relocation area. Common species were identified and categorized as adult (>5 years old) or juvenile (≤5 years old). State 

T&E species were identified, measured (length in mm), and aged (external annuli count); sex was determined for 

sexually dimorphic species, and females were checked for gravidity. For consistency, this information was recorded for 

species listed as T&Es in either or both Illinois and/or Iowa. Processed unionids were placed in mesh bags labeled with 

their designated relocation area and were held in flowing water or holding tanks with well pumps prior to being 

transported to the relocation areas by boat. Unionids were distributed throughout their respective relocation area from the 

surface. 

 

Federally endangered species were handled separately. Lampsilis higginsii and P. cyphyus were measured (length, width, 

and height in mm), aged, and etched with a unique ID number; sex was also determined for L. higginsii, and females 

were checked for gravidity. Each individual was then randomly assigned to a placement grid. Three (3) 5 m x 5 m (16 ft 

x 16 ft) grids were established for placement of L. higginsii, one in each of the unionid beds (Illiniwek Park, Eagle’s 

Landing, and Upstream; ESI, 2015) used for placement of other species (Figure 2-3). Two (2) 5 m x 5 m (16 ft x 16 ft) 

grids were established for placement of P. cyphyus, 1 in the Illiniwek Park bed and 1 in the Eagle’s Landing bed. Grid 
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locations were originally selected by generating random points within the unionid bed boundaries. However, the original 

L. higginsii grids at Eagle’s Landing and Upstream fell in areas with substrate that appeared suitable at first, but scoured 

down to bedrock within the first week of the relocation. These grids were thoroughly searched for any remaining L. 

higginsii that had been placed up until that time, and were then removed and reestablished in a new location. No P. 

cyphyus had yet been placed in the grid at Eagle’s Landing, so this grid was not searched before removing it. To 

establish the new grids, an experienced diver searched for a more suitable grid site near relocation areas used for 

common species placement, as these areas were known to contain suitable habitat. Both the L. higginsii and P. cyphyus 

grids at Eagle’s Landing were reestablished in new locations, as was the L. higginsii grid at Upstream. Each grid was 

divided into 4 cells. Individuals were placed in each cell such that resident unionid density was not increased by more 

than 50%; 5 quantitative samples were collected within each grid prior to the relocation to estimate resident density. A 

random number list was used to assign individuals to a cell (numbered 1 through 4) within their respective grids. The 

unique ID number and placement location (cell number) of each individual was recorded to facilitate future monitoring. 

 

Cumberlandia monodonta were measured (length, width, and height in mm) and aged, and a PIT tag was affixed to the 

dorsal margin of the shell. Monitoring of previously relocated C. monodonta (ESI, 2016) suggested that the Sylvan 

Slough site, located just downstream of the Rodman Avenue bridge, was most suitable for placement of additional 

individuals; therefore, all C. monodonta encountered in this relocation were placed at the Sylvan Slough site. 

Cumberlandia monodonta were hand-placed in suitable habitat near the previously relocated individuals.  

 

Iowa bank 

Three piers will be constructed on the Iowa bank (Figure 2-4). Mussel density on the Iowa bank averaged 2.1 

mussels/m2. Substrate in the proposed pier construction areas (determined during the 2014 survey; ESI, 2014) was 

primarily bedrock or sand, and most mussels were found in small patches of sand, silt, and clay. Additionally, most of 

the area between the piers is >2.4 m (8 ft) deep and should not be affected by construction equipment. Unionids were 

therefore relocated from the new pier construction areas plus a 5-m (16-ft) buffer around each proposed pier footprint 

(Figure 2-4). The 2 shoreward piers plus buffers were approximately 80 m (262 ft) long x 20 m (66 ft) wide, while the 

riverward pier plus buffer was approximately 100 m (328 ft) long x 40 m (131 ft) wide. Each pier plus buffer area was 

marked with buoys at the corners. Divers conducted sweeps throughout each pier area, focusing on patches of more 

suitable habitat and collecting all unionids encountered. Because fewer unionids were expected to occur on the Iowa 

bank, the Iowa piers were not searched to diminishing returns in the same manner as the Illinois piers. Instead, divers 

searched each pier area for a fixed amount of time. Approximately 2.5 dive days were spent searching the shoreward 2 

piers, and 2 dive days were spent in the riverward pier. A dive day consisted of 6-8 hours of diving with one diver in the 

water.  

 

Collected mussels were transported to a processing location on the Iowa bank beneath the existing bridge. All unionids 

were etched with a slash on the anterior edge of the shell using a Dremel tool, with the exception of C. monodonta and 

individuals too small to etch without damaging the shell. Common species were identified and counted as adults or 
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juveniles, and state-listed species were measured and aged. A denser assemblage of mussels (8/m2) was found within 70 

m (230 ft) of the Iowa bank between the new bridge corridor and the casino boat upstream (Figure 2-5). This area, 

beginning approximately 100 m (330 ft) upstream of the new bridge corridor, was to be used for placement of common 

and state-listed species. One hundred (100) randomly distributed quantitative samples were collected within the area to 

estimate baseline unionid density. Samples were collected and unionids were processed using the same methods as the 

construction area sampling (described above). The casino boat was still present during initial sampling, but was removed 

from the area during the relocation. As the boat is not expected to return to the area, IADNR suggested placing some 

common unionids in the casino boat footprint. A brief reconnaissance dive in the casino boat footprint suggested that 

habitat quality was lower than that within the originally proposed relocation area. Therefore, a few very common and/or 

tolerant species (Amblema plicata, Lampsilis cardium, Leptodea fragilis, Potamilus alatus, Quadrula quadrula) were 

placed in the casino boat footprint up to the downstream mooring cell (Figure 2-5). All other common and state-listed 

T&E species were distributed throughout the originally proposed relocation area. Federally endangered species were 

processed and assigned to grids in the same manner as those collected on the Illinois bank. 

 

2.3 Density study 

Relocation of unionids from the I-74 bridge footprint provided an opportunity to investigate the effects of increasing 

resident unionid density at varying rates in relocation areas. Anecdotal evidence suggests that unionid communities often 

return to pre-relocation densities over time, and that increasing density by a large percentage may be detrimental (Dunn, 

pers. obs.). To examine the effects of density increases in resident unionid communities, common and state-listed 

unionids collected at the I-74 bridge were placed in relocation areas in varying numbers, and will be monitored over 

time. 

 

The proposed density study was set up in 3 different unionid beds (Illiniwek Park, Eagle’s Landing, and Upstream; 

Figure 2-3) to determine if different beds may have different carrying capacities, and to allow results to be replicated. 

Within each bed, 3 equally-sized areas were established for 3 treatments: a control area in which no unionids were 

placed, an area in which resident unionid density was to be doubled, and an area in which density was to be tripled 

(Figures 2-6; 2-7; 2-8). The areas were positioned within each bed based on 3 random points generated with Geospatial 

Modeling Environment (Beyer, 2012). The size of the areas was determined based on the existing density in each bed 

(ESI, 2015) and the expected number of unionids to be relocated. The expected number of relocated unionids was 

calculated as 95% of the total estimated unionids occurring in the Illinois pier areas to ensure that the relocation areas 

would provide ample capacity if divers collected more unionids than anticipated. Based on these calculations, the size of 

each study area was initially set at 2,200 m2. A circle with a radius of approximately 26 m (85 ft) was generated around 

each random point to create each treatment area. The circles were moved slightly shoreward or riverward if necessary to 

ensure the entire study area fell within the previously delineated bed boundary, and in the Eagle’s Landing bed, the 

circles were stretched to fit within the bed boundary while keeping the area constant (Figures 2-6; 2-7; 2-8). Prior to 

placing relocated unionids in these areas, 80 randomly distributed quantitative samples were collected in each of the 3 

treatment areas in the 3 beds (240 samples in each bed; 720 total samples) to estimate density with 15-20% precision. 
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Samples were collected and unionids were processed as described above.  

 

Data collected in the initial sampling effort resulted in new density estimates that were used to adjust the size of the 

treatment areas. Density estimates in most of the areas were higher than those observed in 2015 sampling. However, 

young (<3 years old) and/or small (<25 mm) individuals were extremely abundant in some areas, particularly in the 

Eagle’s Landing bed. Because small individuals take up relatively little space, and few individuals of this size were 

likely to be collected in the relocation, densities were recalculated to factor out some of these individuals such that the 

estimated capacity of each area was based more on the age and size classes likely to be relocated. Therefore, densities of 

unionids ≥3 years old and of unionids ≥25 mm in length were calculated for each area. These 2 density estimates were 

then averaged, and the resulting averaged densities were used to adjust the size of the treatment areas. Based on the new 

densities, the treatment areas were reduced from 2,200 m2 to 1,286 m2. Additional discussion among ESI biologists 

suggested that square treatment areas might better facilitate placement of unionids, as the corners of each area could be 

marked with buoys. The revised treatment areas were thus created as squares within the original circular treatment areas 

(Figures 2-6; 2-7; 2-8). The number of unionids that could be placed in each area at the prescribed density increase was 

recalculated using the revised areas, and these estimates were used to guide placement of unionids during the relocation. 

If the capacity (estimated number of unionids that the area could accommodate) at a particular site was reached during 

the relocation, use of that site was discontinued. 

 

The double and triple density treatment areas were sampled again immediately following the relocation to quantify 

changes in density after the addition of relocated unionids. Forty (40) randomly distributed quantitative samples were 

collected in each treatment area to obtain post-relocation density estimates. Samples were collected and unionids were 

processed as described above. Density estimates before and after placement of relocated unionids were compared using 

SYSTAT 13 (Systat Software, San Jose, CA). Data were first tested for normality. Pairwise comparisons were then made 

using the Wilcoxon signed-rank test. Post-relocation density estimates will be used to assess changes in density over 

time. 
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3.0 Results and Discussion 

3.1 Construction area baseline sampling 

Illinois new bridge Action Area 

Baseline sampling of the Illinois new bridge Action Area was conducted on July 7 and 8, 2016. Substrate was very 

similar to that observed in the 2014 survey. Sand and unionid and zebra mussel shells were the primary substrate 

constituents throughout most of the area, with some silt and/or gravel present in many samples. Silt and clay were more 

prevalent at the head of the small island (Figure 3-1). Depth ranged from 0.6 m (2 ft ) to 3.7 m (12 ft ), and was shallow 

at the head of the island and deeper in the channels shoreward and riverward. 

 

A total of 327 live unionids of 16 species were collected from the Illinois new bridge Action Area in construction area 

baseline sampling (Table 3-1). Quadrula pustulosa (34.3%), Obliquaria reflexa (24.8%), and Amblema plicata (15.9%) 

were by far the most abundant species encountered. With the exception of Ligumia recta (5.5%), the remaining species 

each comprised <3% of the total. An additional 5 species were collected as dead shells. Density throughout the entire 

Action Area averaged 13.1 ± 3.3 unionids/m2. Density within the unionid concentration (from the bank to halfway 

between Piers 5 and 6) was higher, averaging 21.8 ± 4.4 unionids/m2. Nearly half (45.0%) of the individuals collected 

were ≤5 years old, and young individuals of 13 species were observed. Observed mortality was 14.6% (Table 3-1). The 

majority of unionids were collected from the bank to halfway between Piers 5 and 6 (Figure 3-2). Abundance was 

highest immediately adjacent to the bank and near Pier 5. No unionids were collected riverward of Pier 6 (Figure 3-2). 

 

Observed unionid density was lower in 2016 (13.1 ± 3.3 unionids/m2 over the entire Action Area) than in 2014 (20.6 ± 

6.6 unionids/m2), but the difference was not significant (p>0.01; Table 3-1). Unionid species composition, community 

metrics, and distribution varied little among years. Quadrula pustulosa, O. reflexa, and A. plicata were the dominant 3 

species in both years, and measures of recruitment and mortality were very similar (Table 3-1). Both sets of data 

demonstrate that a unionid concentration occurs from the bank to halfway between Piers 5 and 6, and unionid abundance 

was highest adjacent to the bank in both years. Few or no unionids were collected riverward of Pier 6.   

 

Baseline sampling in the construction area was designed to estimate unionid density within 20-25% of the mean. The 

study design in the Illinois new bridge Action Area resulted in a density estimate with a 95% confidence interval within 

25% of the mean (Table 3-2). Power analysis indicates that 289 and 163 samples would be needed to achieve 15% and 

20% precision, respectively.  

 

Unionids were relocated from the direct impact areas at Piers 1-5 in 2016. Additional sampling will be conducted as 

construction progresses to determine if unionids not relocated from the bridge footprint were impacted by construction. 

Post-construction sampling will include quantitative sampling to assess changes in community characteristics, and 

qualitative sampling around newly constructed bridge piers to determine if mortality may have occurred during 

construction. Monitoring the new bridge footprint with both quantitative and qualitative sampling will continue annually 

for the first 3 years following construction (2017, 2018, and 2019) and in Years 5, 10, and 15 (2021, 2026, and 2031). 
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Continued monitoring will seek to describe unionid community changes, particularly mortality, and to document 

recolonization of unionids in the construction area.  

 

Iowa new bridge Action Area 

Baseline sampling of the Iowa new bridge Action Area was conducted on July 6, 2016. Substrate consisted primarily of 

gravel, sand, silt, and zebra mussel shells in varying proportions. Some pockets of stable substrate were observed, but in 

many samples, these constituents were present in a thin layer over bedrock (Figure 3-3). Depth ranged from 2.4 m (8 ft ) 

to 4.9 m (16 ft ) and generally increased with distance from the bank. 

 

A total of 161 unionids of 14 species were collected in the Iowa new bridge Action Area in construction area baseline 

sampling (Table 3-3). Quadrula pustulosa (24.2%) and O. reflexa (13.7%) were the most abundant species collected; A. 

plicata and Ellipsaria lineolata (10.6% each) were also relatively common. The remaining 10 species each comprised 

<10% of the total. Four (4) additional species were collected as dead shells. Density averaged 12.9 ± 3.2 unionids/m2. 

Recruitment was relatively low; only 12.4% of unionids were ≤5 years old, and young individuals of only 5 species were 

observed. Mortality was 12.5% (Table 3-3). Unionid abundance was highest near the shoreward pier, and decreased 

riverward (Figure 3-4).  

 

Unionid abundance and community characteristics differed somewhat among years. Density was significantly higher in 

2016 (12.9 ± 3.2 unionids/m2) than in 2014 (3.0 ± 2.7 unionids/m2; p<0.01), and species richness was also higher in 

2016. Observed recruitment was higher in 2014 (22.2%) than in 2016 (12.4%). No mortality was observed in 2014. 

Unionid distribution was similar in both years; abundance was highest near the bank and decreased riverward. Some of 

these differences may simply be artifacts of sampling. Unionid distribution was patchy, and samples may have fallen 

within patches in 2016, and/or outside of patches in 2014. In addition, the sample size used to calculate 2014 metrics was 

very low, as only 12 samples fell within the new bridge Action Area shoreward of Pier 2 (the same area that was 

sampled in 2016). Although higher unionid density was observed in 2016, much of the substrate was bedrock, and 

unionids in this area are likely transient. 

 

Baseline sampling in the construction area was designed to estimate unionid density within 20-25% of the mean. The 

study design in the Iowa new bridge Action Area resulted in a density estimate with a 95% confidence interval within 

25% of the mean (Table 3-2). Power analysis indicates that 134 and 75 samples would be needed to achieve 15% and 

20% precision, respectively.  

 

Unionids were relocated from the direct impact areas of all 3 Iowa piers in 2016. As in the Illinois construction area, 

additional sampling will be conducted as construction progresses to assess impacts of construction on unionids. 

Sampling and ongoing monitoring will be conducted using the same methods and schedule as the Illinois new bridge 

Action Area. 
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3.2 Relocation 

Illinois bank 

Unionid relocation on the Illinois bank occurred from August 1 to October 25, 2016. Substrate was fairly consistent 

throughout the search areas, and was primarily composed of gravel, sand, silt, and zebra mussel shells. Numerous dead 

unionid shells were present on top of and throughout the substrate. Boulder/rip-rap was present on and adjacent to the 

bank in Pier 1. Silt and clay were more prevalent in the downstream portion of Pier 3 at the head of the small island. Pier 

5 fell at the riverward edge of the mussel bed, and substrate in many of the riverward cells was primarily loose sand. 

Although discharge was unusually high (75,000 – 160,000 cubic feet per second [cfs]), depth generally did not exceed 

3.0 m (10 ft).  

 

The relocation effort yielded a total of 139,133 unionids of 32 species (Table 3-4). Quadrula pustulosa (35.9%), O. 

reflexa (20.7%) and A. plicata (16.0%) were by far the most abundant species encountered, together comprising over 

70% of the total. Ligumia recta (6.3%) and Lampsilis cardium (4.7%) were also relatively common, while the remaining 

27 species each comprised <3% of the total. A few species were very rarely encountered; 7 of the 32 total species were 

each represented by fewer than 10 individuals. Recruitment was observed at all piers and the outfall area. Young 

individuals of 26 species were collected, and 21.3% of unionids were ≤5 years old (Table 3-4). 

 

Unionid abundance was highest at the shoreward pier, and declined with distance riverward (Table 3-4). This 

distributional trend was also observed in previous quantitative sampling of the area in 2014 and 2016. Recruitment 

followed a similar pattern. However, species richness, species composition, and relative abundance were generally quite 

similar among all 5 piers (Table 3-4). 

 

Three (3) federally endangered and 4 Illinois threatened species were encountered during the relocation. The federally 

endangered species C. monodonta (n=23), P. cyphyus (n=106), and L. higginsii (n=747) each comprised a relatively 

small portion of the total. The Illinois threatened Cyclonaias tuberculata (n=1) and Elliptio dilatata (n=2) were both 

quite rare, while Ellipsaria lineolata (n=2,640) was moderately common, and L. recta (n=8,741) was the fourth most 

abundant species encountered. Plethobasus cyphyus, L. higginsii, E. lineolata, and L. recta were distributed throughout 

the area and were collected from all 5 piers. Cumberlandia monodonta was limited to the first 2 piers and the outfall 

area, perhaps due to habitat conditions (more boulder/rip-rap present near the bank). Cyclonaias tuberculata was only 

collected in Pier 3, and E. dilatata was collected from Piers 3 and 5 (Table 3-4). Neither C. tuberculata or E. dilatata 

have been reported live in Pool 15 since 1980, with the exception of 1 C. tuberculata recently collected in the Illiniwek 

Park bed (used as a relocation area; Kelner, 2011; ESI, 2015). Plethobasus cyphyus, L. higginsii, E. lineolata, and L. 

recta were all represented by juveniles as well as adults (Table 3-6); recruitment of P. cyphyus has not recently been 

documented in the Mississippi River. Several species (Pleurobema sintoxia, Lampsilis teres, Strophitus undulatus) listed 

as threatened or endangered in Iowa but not in Illinois were collected from the Illinois piers as well (Table 3-4). 

 

Common and state T&E species collected at the Illinois piers were distributed among 6 possible relocation areas (Table 
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3-7). Capacity in the Upstream 2x Density and Illiniwek Park 2x Density sites was reached before the relocation was 

complete; use of these sites was discontinued after that point. Although unionids were randomly assigned to the 

relocation areas, the number of unionids placed at each of the remaining 4 sites was similar, ranging from 24,750 to 

25,252 (Table 3-7). All C. monodonta were placed near previously relocated individuals in Sylvan Slough just 

downstream of the Rodman Avenue bridge. Plethobasus cyphyus were randomly distributed among grids at Illiniwek 

Park and Eagle’s Landing, while L. higginsii were randomly distributed among grids at Illiniwek Park, Eagle’s Landing, 

and Upstream (Table 3-8). Cyclonaias tuberculata and E. dilatata were also placed in the P. cyphyus grids to better track 

their final placement locations. Three (3) Lampsilis teres individuals were placed in the Illiniwek Park P. cyphyus grid 

for the same reason, as these individuals were held for a potential genetic sampling project (a fourth L. teres was 

collected late in the relocation and was randomly assigned to one of the relocation areas; Table 3-7). ID numbers of 

unionids placed in each grid cell are presented in Appendix A. The USFWS Genoa National Fish Hatchery (Genoa) also 

requested gravid L. higginsii and E. lineolata for use in their propagation program. Sixty-two (62) gravid L. higginsii and 

138 gravid E. lineolata were provided to Genoa for this purpose (Table 3-8). These individuals were marked in the same 

manner as other relocated individuals, and will be placed in appropriate relocation areas in conjunction with future I-74 

fieldwork once they are done being utilized for propagation. Grids will be sampled annually for the first 2 years after 

relocation (2017 and 2018), and then at Years 5, 10, and 15 (2021, 2026, and 2031) to assess unionid health and survival. 

 

Original take estimates for the Illinois bank indicated that approximately 282,328 unionids would be relocated from the 

piers, and an additional 2,931 unionids would be relocated from the outfall area (Stantec, 2016). These estimates were 

based on the 2014 project area survey, in which samples were spread over a wide area; thus, the sample size within the 

new bridge Action Area (used to calculate take estimates) was relatively small. The estimated number of unionids to be 

relocated was therefore re-evaluated using the data collected in the new bridge Action Area in 2016. Based on the new 

data, approximately 226,193 unionids would be relocated from the pier areas, and 3,143 unionids would be relocated 

from the outfall area (Table 3-5). The actual number of unionids relocated was lower than expected, as only 137,435 

unionids were collected from the pier areas and 1,698 unionids were collected from the outfall area. Although these 

numbers were outside the 95% confidence interval based on density, sampling to diminishing returns suggests that the 

relocation goals were achieved in all areas (90% of unionids >1 inch [25 mm] relocated). However, sampling conditions 

could have contributed to the low numbers. Numerous dead unionid shells were present throughout the substrate, and 

many live unionids were buried, leading to reduced search efficiency. High current velocity due to unusually high river 

levels could also have reduced collecting efficiency. A second, less-intensive search of the pier areas will be conducted 

prior to construction in 2017, which will aid in assessing the success of the relocation.  

 

Iowa bank 

Unionid relocation on the Iowa bank occurred from October 27 to October 31, 2016. The shoreward pier contained the 

most suitable habitat. Patches of sand, silt, and shell were present among larger areas of bedrock. Substrate in Piers 2 and 

3 was primarily bedrock, with some sand and silt often present in a thin layer over the bedrock. Depth throughout the 

area ranged from approximately 3.0 m (10 ft) to 4.6 m (15 ft).  



16-006  February 2017 

 

 12 

The relocation effort yielded 1,561 unionids of 20 species (Table 3-9). Quadrula pustulosa (17.4%), O. reflexa (15.3%), 

A. plicata (15.3%), and Megalonaias nervosa (13.8%) were the most abundant species collected. The remaining 16 

species each comprised <10% of the total. Recruitment was low; only 5.8% of unionids were ≤5 years old (Table 3-9). 

However, young individuals of 14 species were observed.  

 

Unionid abundance was highest in the shoreward pier, where more suitable habitat was present, and declined sharply in 

the remaining 2 piers. Similar distributional trends were observed in 2014 and 2016 quantitative sampling. Recruitment 

and species richness also declined with distance riverward. Species relative abundance varied somewhat among piers. 

Quadrula pustulosa, O. reflexa, and A. plicata were common at all 3 piers. Megalonaias nervosa and Quadrula quadrula 

were both quite abundant in Pier 1, but comprised a smaller percentage of the assemblage in Piers 2 and 3. Ligumia recta 

was moderately common in Piers 1 and 2, but was one of the most abundant species found in Pier 3 (Table 3-9). 

 

Three (3) federally endangered and 1 Iowa threatened species were encountered during the relocation. The federally 

endangered species, C. monodonta (n=1), P. cyphyus (n=1), and L. higginsii (n=8), were all infrequently encountered, 

while the Iowa threatened E. lineolata (n=100) was moderately common. Lampsilis higginsii and E. lineolata were both 

collected at all 3 piers, while P. cyphyus was only collected at Pier 1 and C. monodonta was only collected at Pier 2 

(Table 3-9). No individuals ≤ 5 years old were observed for any of the federally endangered species (although the P. 

cyphyus was only 6 years old and most of the L. higginsii were ≤10 years old), but several juvenile E. lineolata were 

collected (Table 3-11). 

 

Common and state T&E species collected in the Iowa piers were relocated to the area along the Iowa bank just upstream 

of the new bridge corridor. Pre-relocation quantitative sampling of the relocation area was conducted on July 6 and 7, 

2016. Substrate consisted of sand, silt, clay, and shell in varying proportions. Shell was more common in the downstream 

portion of the area, while the upstream portion was dominated by silt and clay. Patches of bedrock were observed in 

several samples, primarily in the riverward portion of the area (Figure 3-5). Depth ranged from 0.6 m (2 ft) to 4.6 m (15 

ft). The upstream shoreward corner was shallowest, and depth increased riverward and downstream. 

 

Density in the Iowa relocation area averaged 4.6 ± 1.4 unionids/m2 (Table 3-12). Approximately 37,034 unionids could 

be placed in this area at a 50% density increase, indicating the area was large enough to accommodate the expected 

number of unionids relocated from the Iowa piers. Unionid abundance was highest in the downstream portion of the area, 

and decreased upstream where habitat contained more silt and clay (Figure 3-6). Although community composition 

differed slightly, most of the species collected in the Iowa construction area were also collected in the proposed 

relocation area, suggesting that this area would serve as a suitable recipient site for unionids relocated from the Iowa 

piers (Table 3-12). Several of the most common and/or tolerant species (A. plicata, L. cardium, L. fragilis, P. alatus, Q. 

quadrula) were placed in the old casino boat footprint, while all other species were distributed throughout the originally 

defined relocation area (see Figure 2-5). Federally endangered species were placed in the same sites/grids as those 

collected on the Illinois bank (Table 3-8). 
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Original take estimates for the Iowa bank indicated that approximately 10,663 unionids would be relocated from the 

Iowa piers (Stantec, 2016). As on the Illinois bank, these estimates were based on the 2014 project area survey, and the 

sample size within the new bridge Action Area (used to calculate take estimates) was quite small. The estimated number 

of unionids to be relocated was re-evaluated with data collected in the new bridge Action Area in 2016. However, 

samples in 2016 were only collected shoreward of Pier 2. Therefore, estimated number of relocated unionids was only 

calculated for Piers 1 and 2, where the 2016 data would be relevant. Based on the new data, approximately 18,045 

unionids would be relocated from Pier 1 and 17,689 unionids would be relocated from Pier 2 (Table 3-10). The actual 

number of relocated unionids was much lower than expected in both areas, as only 1,014 and 411 unionids were 

collected from Pier 1 and Pier 2, respectively. This discrepancy may be due in part to the variability in unionid habitat 

and distribution on the Iowa bank. Samples collected in 2016 may have fallen in more favorable patches of habitat as 

compared to 2014 samples, potentially overestimating density in the area. In addition, the Iowa piers were not gridded 

off and searched to diminishing returns, and high flow and large patches of bedrock may have caused divers some 

difficulty in maintaining position, reducing their search efficiency. Both of these factors may have resulted in some 

unionids being missed. Unionid abundance at Pier 3 was extremely low in 2014, and substrate was primarily bedrock. 

Few unionids were expected in this pier, and indeed, only 136 individuals were collected in the relocation effort. A 

second, less-intensive search of the pier areas will be conducted prior to construction in 2017.  

 

3.3 Density study 

Illiniwek Park 

Pre-relocation sampling at Illiniwek Park was conducted July 6 to 8, 2016. The Control and 3x Density areas were 

located in close proximity to each other, and featured similar habitat. Substrate was primarily a mixture of silt and clay, 

and depth rarely exceeded 1.8 m (6 ft; Table 3-13). The 2x Density area was located farther downstream, where habitat 

was somewhat different. Substrate primarily consisted of sand, silt, clay, and shell in varying proportions, and depth 

ranged from 1.8 m (6 ft) to 3.7 m (12 ft; Table 3-13).  

 

Unionid density and species composition varied among the 3 treatment areas. Density was lowest in the control area 

(10.8 ± 1.9 unionids/m2), intermediate in the 2x Density area (20.0 ± 2.5 unionids/m2), and highest in the 3x Density area 

(28.8 ± 4.9 unionids/m2; Table 3-14). Species composition in the control and 3x Density areas was similar. Amblema 

plicata and O. reflexa dominated the catch in both areas, with most other species representing <5% of the total. 

Quadrula pustulosa was the most abundant species in the 2x Density area, though A. plicata and O. reflexa were also 

common. Species richness was lowest in the control area and highest in the 2x Density area. Recruitment was slightly 

higher in the control and 3x Density areas (57.7% and 53.0%, respectively) than in the 2x Density area (45.4%). 

Mortality was low in all 3 areas, ranging from 0.7% to 2.3% (Table 3-14). 

 

Densities from pre-relocation sampling were used to determine how large the 2x and 3x Density areas needed to be to 

achieve the desired density increases. Densities were adjusted to factor out some of the youngest and smallest 

individuals; based on adjusted densities, the 2x Density area could accommodate 23,791 relocated unionids, and the 3x 
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Density area could accommodate 57,613 unionids (Table 3-15). This target was reached in the 2x Density area; 23,694 

unionids were placed. However, only 24,837 unionids were placed in the 3x Density area, falling short of the estimated 

number of unionids needed to triple the existing density.  

 

The 2x and 3x Density areas were sampled again on November 4, 2016. Based on the total number of unionids placed, 

density in the 2x Density area was expected to increase 99.6%, and density in the 3x Density area was expected to 

increase 86.2% (Table 3-15). The observed percent increase in density in both areas was lower than expected; density 

was increased 74.0% in the 2x Density area and 85.8% in the 3x Density area. In addition, nearly half of the individuals 

collected were marked (relocated) individuals, suggesting that placement of relocated unionids nearly doubled the 

resident density in both areas (Table 3-14). However, overall density estimates were lower than expected. Density of 

resident (unmarked) unionids decreased significantly between sampling events, averaging only 12.7 ± 3.4 unionids/m2 in 

the 2x Density area and 12.0 ± 3.3 unionids/m2 in the 3x Density area after the relocation (Table 3-14; Table 3-15). 

Based on the number of unionids placed and the size of each area, density of relocated unionids should have increased to 

18.4 unionids/m2 in the 2x Density area and 19.3 unionids/m2 in the 3x Density area (Table 3-15). However, observed 

densities of relocated unionids were only 9.4 ± 4.2 unionids/m2 and 10.3 ± 5.3 unionids/m2 in the 2x and 3x Density 

areas, respectively. The decrease in resident density, coupled with the low density of relocated unionids, suggests that 

both resident and relocated unionids may have emigrated horizontally out of the sampled area between sampling events, 

or burrowed such that they were not collected during sampling. It is not known whether movement to this degree is 

common, as most unionid monitoring studies involve sampling only once per year, rather than twice (as was the case in 

this study). Variation in the depth to which samples were excavated is also a factor that may have influenced the results, 

as different divers were used in each sampling event; quadrats excavated to shallower depths could result in missing 

some unionids. However, Illiniwek Park was sampled last in the second sampling event, by which time divers had been 

instructed to excavate more substrate in samples. Significant decreases in density were still observed at this site even 

after divers began to excavate more substrate, suggesting that sample depth was not the primary factor explaining the 

density decrease. 

 

Species composition was generally similar in both areas before and after the relocation. Species richness of resident 

unionids was lower after the relocation, but this may be due in part to the smaller sample size (40 samples post-

relocation vs. 80 samples pre-relocation). Total species richness, including relocated unionids, was similar to pre-

relocation richness in both the 2x and 3x Density areas. Recruitment of resident unionids was similar before and after the 

relocation; 52.0% of unionids in the 2x Density area and 59.8% of unionids in the 3x Density area were ≤5 years old. 

Juveniles comprised a smaller percentage of relocated unionids (18.1% and 16.0% in the 2x and 3x Density areas, 

respectively), but this was expected, given that the majority of unionids relocated from the bridge were >5 years old. 

Mortality of resident unionids increased to 19.1% in the 2x Density area and 9.3% in the 3x Density area. Some 

mortality (2.9%) of relocated unionids was observed in the 3x Density area (Table 3-14); this estimate is well within the 

estimated 10% mortality due to relocation. No mortality of relocated unionids was observed in the 2x Density area. One 

(1) L. higginsii marked with a slash mark but no ID number was encountered in the 2x Density area. This individual was 
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subsequently given a unique ID number and moved to the Illiniwek Park L. higginsii grid (see Table 3-8). 

 

Eagle’s Landing 

Pre-relocation sampling at Eagle’s Landing was conducted July 8 to 12, 2016. As at Illiniwek Park, the Control and 3x 

Density areas were located in close proximity to each other, and were characterized by similar habitat. Substrate was 

primarily composed of silt and zebra mussel shells, transitioning to sand on the far riverward edge of the area (Table 3-

13). Cobble was the dominant substrate constituent in samples immediately adjacent to the bank. Depth in both areas 

ranged from 0.3 m (1 ft) near the bank to 2.7 m (9 ft) riverward. The 2x Density area was located farther downstream, 

but habitat was generally similar to the other areas. Substrate throughout most of the area was a mixture of sand, silt, and 

shell, with more silt and clay present on the shoreward edge, and sand on the riverward edge. Depth ranged from 0.3 m 

(1 ft) near shore to 3.7 m (12 ft) riverward (Table 3-13). 

 

Pre-relocation density varied, but was high in all study areas. Density was lowest in the 2x Density area (61.5 ± 10.2 

unionids/m2), intermediate in the control area (78.0 ± 15.9 unionids/m2), and highest in the 3x Density area (91.8 ± 19.8 

unionids/m2; Table 3-16). Species composition was generally similar among study areas. Utterbackia imbecillis, A. 

plicata, Q. pustulosa, and O. reflexa were the most abundant species in all areas, though their relative abundance differed 

slightly. Leptodea fragilis was also common in the control and 3x Density areas. Species richness was lowest in the 2x 

Density area (20 species) and highest in the 3x Density area (24 species). The majority (75.5% - 78.6%) of unionids 

collected in the study areas were ≤5 years old. Mortality was low, ranging from 4.0% (3x Density area) to 5.8% (2x 

Density area; Table 3-16). 

 

Adjusted densities (factoring out young and small individuals) were used to calculate capacity in the 2x and 3x Density 

areas. Because U. imbecillis was so common, and most individuals of this species were young and/or small, densities 

were significantly reduced. Based on adjusted densities, 61,471 unionids could be placed in the 2x Density area, and 

177,725 additional unionids could be placed in the 3x Density area (Table 3-15). The number of unionids collected in the 

relocation effort was less than anticipated, so these targets were not met. A total of 25,124 unionids were placed in the 2x 

Density area, and 25,252 unionids were placed in the 3x Density area (Table 3-15). 

 

The 2x and 3x Density areas were sampled again on November 3, 2016. Density increases of 40.9% and 28.4% were 

expected for the 2x Density and 3x Density areas, respectively. The observed percent increase was lower than expected 

in both the 2x Density (31.4%) and 3x Density (17.2%) areas (Table 3-15). However, overall density estimates were 

much lower than expected. Resident unionid density declined significantly to 24.2 ± 5.0 unionids/m2 in the 2x Density 

area and 36.1 ± 8.7 unionids/m2 in the 3x Density area after the relocation (p<0.01; Table 3-15; Table 3-16). Based on 

the number of unionids placed, density of relocated unionids should have increased to 19.5 unionids/m2 in the 2x Density 

area and 19.6 unionids/m2 in the 3x Density area (Table 3-15). However, observed density of relocated unionids was 

only 7.6 ± 3.6 unionids/m2 in the 2x Density area and 6.2 ± 3.9 unionids/m2 in the 3x Density area (Table 3-15; Table 3-

16). As at Illiniwek Park, this information suggests that movement (either horizontal or vertical) of both resident and 
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relocated unionids occurred between sampling events. Variation in the depth to which samples were excavated could 

have contributed to the density changes as well, although this does not appear to have been the primary issue. Seasonal 

fluctuation in the abundance of young individuals was also considered. Utterbackia imbecillis, represented almost 

exclusively by young and/or small individuals, was very commonly encountered in pre-relocation sampling, but was rare 

in the second sampling event. It was initially thought that the apparent decline in this species may have contributed to the 

decrease in density. However, the overall percentage of individuals ≤5 years old did not change appreciably between 

sampling events, suggesting that a change in the abundance of juveniles was not a factor. 

 

Species composition differed somewhat among sampling events. Utterbackia imbecillis was one of the most commonly 

encountered species in pre-relocation sampling, but was scarce in post-relocation samples. However, relative abundance 

of most other species was similar. Species richness was lower in post-relocation samples, but this may be due to smaller 

sample size. Recruitment of resident unionids was similar in pre- and post-relocation samples; juveniles comprised 

66.1% and 61.8% of unionids in the 2x and 3x Density areas, respectively. As expected, recruitment was much lower 

among relocated unionids than resident unionids (Table 3-16). Mortality of resident unionids in both the 2x Density 

(14.2%) and 3x Density (8.4%) areas increased somewhat over pre-relocation values. Mortality of relocated unionids 

was 5.0% in the 2x Density area and 3.1% in the 3x Density area, well within the estimated 10% mortality due to 

relocation (Table 3-16). 

 

Upstream 

Pre-relocation sampling at Upstream was conducted July 8 to 9 and July 12 to 13, 2016. Habitat was generally similar 

among the 3 study areas. Substrate was primarily composed of sand, silt, and zebra mussel shells, with smaller amounts 

of cobble, gravel, and clay present in some samples (Table 3-13). The shoreward edge of the 3x Density area fell on a 

depositional area adjacent to the bank, where substrate was a mixture of silt and clay. Depth increased with distance from 

the bank, reaching a maximum of 13 ft (4.0 m; Table 3-13).  

 

Pre-relocation density was similar in the 2x and 3x Density areas (11.8 ± 2.2 unionids/m2 and 11.1 ± 2.4 unionids/m2, 

respectively), and higher in the control area (17.8 ± 2.6 unionids/m2; Table 3-17). Species composition and richness were 

similar among all areas. Amblema plicata, Q. pustulosa, and O. reflexa were the most commonly encountered species, 

though their relative abundance differed in each area. Fifteen (15) species were collected in the 2x and 3x Density areas, 

and 16 species were collected in the control area. Recruitment ranged from 40.0% (2x Density area) to 59.3% (3x 

Density area). Observed mortality was moderate in the control and 2x Density areas (13.2% and 17.0%, respectively) 

and highest in the 3x Density area (31.8%; Table 3-17). 

 

Adjusted densities (factoring out young and small individuals) were used to calculate capacity in the 2x and 3x Density 

areas. Based on adjusted densities, 14,017 unionids could be placed in the 2x Density area, and 25,720 unionids could be 

placed in the 3x Density area (Table 3-15). This target was met for the 2x Density area; 14,457 unionids were placed. 

The 3x Density area fell slightly short of the target, as only 24,750 unionids were placed (Table 3-15). 
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The 2x and 3x Density areas were sampled again on November 1, 2016. Density was expected to increase 103.1% and 

192.5% in the 2x Density and 3x Density areas, respectively. Actual percent changes in density were lower than 

expected; increases of only 53.4% and 75.0% were observed in the 2x and 3x Density areas, respectively (Table 3-15). 

Similarly, overall density of relocated unionids was lower than anticipated. Based on the number of unionids placed, 

density of relocated unionids should have increased to 11.2 unionids/m2 in the 2x Density area and 19.2 unionids/m2 in 

the 3x Density area (Table 3-15). However, observed density of relocated unionids was only 4.7 ± 1.9 unionids/m2 in the 

2x Density area and 8.1 ± 3.2 unionids/m2 in the 3x Density area (Table 3-15; Table 3-17). In contrast to the other 2 

beds, however, resident unionid density did not change significantly, averaging 8.8 ± 2.4 unionids/m2 in the 2x Density 

area and 10.8 ± 3.4 unionids/m2 in the 3x Density area after the relocation (Table 3-15; Table 3-17). This suggests that 

some relocated unionids appear to have emigrated from the sampled areas, but resident unionids remained. 

 

Species composition and richness were similar before and after the relocation, though species richness was slightly lower 

for relocated unionids than for residents (Table 3-17). Recruitment of resident unionids increased to 73.9% in the 2x 

Density area, but was similar to pre-relocation values (46.3%) in the 3x Density area. As in the other beds, juveniles 

comprised a smaller percentage of relocated unionids; 23.4% of relocated unionids in the 2x Density area and 8.6% in 

the 3x Density area were ≤5 years old. Mortality of resident unionids was similar among sampling events, ranging from 

24.1% in the 2x Density area to 35.7% in the 3x Density area after the relocation. Mortality of relocated unionids was 

observed in both areas, but was well within the estimated 10% mortality due to relocation (Table 3-17). 

 

Post-relocation sampling of the density study areas yielded variable results. Several areas (Illiniwek Park 2x Density, 

Upstream 2x Density, Upstream 3x Density) met or nearly met the target number of individuals needed to double or 

triple initial density. However, observed percent increases in density were generally lower than expected (Table 3-15). 

Distribution of relocated unionids throughout the relocation areas was not uniform. Although efforts were made to 

spread unionids throughout the area, relocated unionids appeared to be concentrated in the center of the placement areas, 

as more marked individuals were recovered near the center than near the boundaries. Thus, sampling may have 

underestimated the density of relocated unionids. 

 

In addition to the low percent increase in relocated unionids, post-relocation density of resident unionids declined 

significantly in the Illiniwek Park and Eagle’s Landing treatment areas. The decline does not appear to be due to a loss of 

young individuals, as recruitment in resident unionids was generally similar before and after the relocation. Rather, it 

appears that both resident and relocated unionids emigrated horizontally from the sampled areas, or burrowed such that 

they were not detected during sampling. Pre-relocation sampling was conducted in July, while post-relocation sampling 

occurred in November. Water temperature had decreased significantly by post-relocation sampling, and unionids may 

have been buried deeper, resulting in fewer unionids collected if samples were dug to the same depth as those in pre-

relocation sampling. Mississippi River discharge was unusually high throughout the summer and fall of 2016, and high 

discharge may have dislodged some unionids, both resident and relocated, from the substrate. Relocated unionids were 

generally released in the upstream half of the areas to offset increased drift due to high discharge. Although this effort 
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was made to ensure relocated unionids settled to the bottom within the study areas, some unionids may have drifted 

downstream when they were released and/or before they were able to burrow into the substrate. Variation in sample 

depth could also have contributed to the observed changes in density; however, the data suggest that this was not the 

primary factor. The Upstream site was sampled first, followed by Eagle’s Landing and Illiniwek Park. Divers were 

instructed to excavate additional substrate after sampling at Eagle’s Landing was completed. No significant changes in 

resident density were observed at Upstream, before divers began excavating deeper, but significant decreases in density 

were observed at Illiniwek Park even with increased excavation, suggesting that sample depth was not the primary factor 

influencing the observed density changes.  

 

Monitoring these areas in future years will provide additional data to explain the density changes observed in 2016. All 

density study areas will be sampled again in the 2017 field season. Results that are more similar to pre-relocation 

densities would suggest some sort of seasonal movement (burrowing) or other temporary fluctuation. However, results 

that are similar to post-relocation densities would suggest that unionids moved out of the study area, either actively or 

passively. 

 

Although approximately 138,000 unionids were placed in the 6 density study areas, post-relocation sampling suggests 

that density was not increased to desired levels in any of the areas. Study areas will be monitored in the future to quantify 

changes in density over time. Random quantitative samples will be collected as in the initial sampling event. Sampling 

will occur annually for 2 years following the relocation (2017 and 2018), and at Years 5, 10, and 15 (2021, 2026, 2031). 

Data collected in monitoring events will be compared to 2016 pre- and post-relocation data to better assess whether 

density was actually changed by placement of relocated individuals, and to observe trends in density over time. 
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4.0 Summary and Conclusions 

Unionid sampling for the I-74 bridge project in 2016 included baseline sampling of bridge construction areas, relocation 

of unionids from direct impact areas in the new bridge corridor, and pre- and post-relocation sampling of relocation 

areas. Results of sampling in the construction areas were generally similar to results from the initial project area survey 

(ESI, 2014), though density on the Iowa bank was higher than previously observed. These samples provided information 

on unionid density and community characteristics that can be compared to data collected in future years to assess the 

effects of construction on unionid communities in the new bridge corridor. 

 

A total of 140,694 unionids of 32 species were collected, marked, and relocated from direct impact areas in the new 

bridge corridor. A few common species (A. plicata, Q. pustulosa, O. reflexa) comprised the majority of relocated 

unionids, but 3 federally endangered species (C. monodonta, P. cyphyus, and L. higginsii) and several additional state 

T&E species were collected as well. Federally endangered species were placed in grids, which will be monitored 

periodically to assess health and survival of relocated individuals. Common and state T&E species collected on the 

Illinois bank were distributed among 6 potential relocation areas, while those collected on the Iowa bank were placed in 

a single relocation area just upstream of the new bridge corridor. 

 

Common and state T&E species collected on the Illinois bank were used in a study designed to assess the effects of 

increasing unionid density by varying degrees. Control, 2x Density, and 3x Density areas were established in each of 3 

previously delineated unionid beds, and the treatment areas were sampled prior to the relocation to assess initial unionid 

density and community characteristics. Unionids collected and relocated from the Illinois piers were placed in the 2x and 

3x Density areas, and these areas were sampled again after the relocation was complete. Although numerous unionids 

were placed in these areas, densities did not increase as expected. Several factors, including distribution of relocated 

unionids, temporal trends in community composition, and high river levels, may explain some of the results. Future 

monitoring of these areas will allow for better assessment of density trends over time. 
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Figure 1-1. Existing and proposed I-74 bridge 
alignments, new bridge Action Area, and 

L. higginsii EHA, Mississippi River Pool 15.
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ECOLOGICAL ESIFigure 2-1. Proposed pier locations and relocation search grid 
boundaries on the Illinois bank, August - October 2016.SPECIALISTS, INC.
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ECOLOGICAL ESIFigure 2-4. Proposed pier locations and relocation 
search boundaries on the Iowa bank, October 2016.SPECIALISTS, INC.
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ECOLOGICAL ESIFigure 2-7. Density study/relocation areas in the 
Eagle's Landing bed, August - October 2016.SPECIALISTS, INC.

Basemap courtesy of ESRI
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ECOLOGICAL ESIFigure 3-1. Substrate characateristics in the 
Illinois new bridge Action Area, July 2016.SPECIALISTS, INC.

Basemap courtesy of ESRI
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ECOLOGICAL ESIFigure 3-2. Unionids collected in the Illinois 
new bridge Action Area, July 2016.SPECIALISTS, INC.

Basemap courtesy of ESRI
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ECOLOGICAL ESIFigure 3-3. Substrate characteristics in the 
Iowa new bridge Action Area, July 2016.SPECIALISTS, INC.

Basemap courtesy of ESRI
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ECOLOGICAL ESIFigure 3-4. Unionids collected in the Iowa 
new bridge Action Area, July 2016.SPECIALISTS, INC.

Basemap courtesy of ESRI
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Table 1-1. Unionid species collected in the I-74 bridge project area, 2014.

Species Status 1 IL bank 2 IA bank 2

Margaritiferidae
Cumberlandia monodonta FE, ILE, IAE L L

Amblemini
Amblema plicata L L

Pleurobemini
Fusconaia ebena ILT WD -
Fusconaia flava L L
Plethobasus cyphyus FE, ILE, IAE L -
Pleurobema sintoxia IAE L -

Quadrulini
Cyclonaias tuberculata ILT, IAT WD -
Megalonaias nervosa L L
Quadrula metanevra L L
Quadrula nodulata L L
Quadrula pustulosa L L
Quadrula quadrula L L
Tritogonia verrucosa IAE WD -

Lampsilini
Actinonaias ligamentina WD -
Ellipsaria lineolata ILT, IAT L L
Lampsilis cardium L L
Lampsilis higginsii FE, ILE, IAE L L
Lampsilis teres IAE WD -
Leptodea fragilis L L
Ligumia recta ILT L L
Obliquaria reflexa L L
Obovaria olivaria L L
Potamilus alatus L L
Potamilus ohiensis L -
Toxolasma parvus L -
Truncilla donaciformis L L
Truncilla truncata L L

Anodontini
Arcidens confragosus L L
Lasmigona complanata L L
Pyganodon grandis L L
Strophitus undulatus IAT WD -
Utterbackia imbecillis L L

Live species 26 22
Total species 32 22

1 FE = federally endangered, ILE = Illinois endangered, ILT = Illinois threatened, IAE = Iowa endangered,
IAT = Iowa threatened. USFWS (2016a), ILDNR (2015), IADNR (2009). 
2 L = live, WD = weathered dead
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Table 3-1. Unionids collected in quantitative samples in the Illinois new bridge Action Area, 2014 and 2016.

Species No. Live % No. ≤5yo No. FD No. Live % No. ≤5yo No. FD

Amblemini
Amblema plicata 52 15.9 17 7 35 13.6 6 2

Pleurobemini
Fusconaia ebena WD - - - - - - -
Fusconaia flava 7 2.1 2 - 9 3.5 5 -

Quadrulini
Megalonaias nervosa 8 2.4 3 2 9 3.5 5 1
Quadrula metanevra 5 1.5 - - 2 0.8 1 -
Quadrula nodulata - - - - WD - - -
Quadrula pustulosa 112 34.3 44 20 95 37.0 30 9
Quadrula quadrula 8 2.4 4 1 4 1.6 - 1
Tritogonia verrucosa WD - - - - - - -

Lampsilini
Ellipsaria lineolata 7 2.1 5 1 4 1.6 2 1
Lampsilis cardium 9 2.8 2 3 7 2.7 2 -
Lampsilis higginsii 1 0.3 - - 2 0.8 1 -
Leptodea fragilis 7 2.1 6 5 6 2.3 6 5
Ligumia recta 18 5.5 2 - 7 2.7 - -
Obliquaria reflexa 81 24.8 55 13 59 23.0 36 5
Obovaria olivaria 5 1.5 3 2 2 0.8 - -
Potamilus alatus 1 0.3 - - 3 1.2 2 -
Truncilla donaciformis 1 0.3 1 1 4 1.6 4 9
Truncilla truncata 5 1.5 3 - 6 2.3 6 -

Anodontini
Arcidens confragosus FD - - 1 1 0.4 - -
Lasmigona complanata WD - - - 1 0.4 1 -
Pyganodon grandis WD - - - - - - -
Utterbackia imbecillis - - - - 1 0.4 1 15

Total 327 100.0 147 56 257 100.0 108 48
Live species 16 19
Total species 21 20

Density (no./m2 ± 2SE)
in whole Action Area 1

No. samples 100 50

Density (no./m2 ± 2SE)
in Piers 1-5
No. samples 59 32

% ≤5 years old 45.0 42.0
% mortality 14.6 15.7

FD = fresh dead shell; WD = weathered dead shell
1 Different letters within a row denote a significant difference (Wilcoxon signed-rank test, p≤0.01)

20.6 ± 6.6 A13.1 ± 3.3 A

31.9 ± 7.821.8 ± 4.4

20142016
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Table 3-2. Power analysis for the Illinois and Iowa new bridge Action Areas, 2016.

Illinois new bridge Action Area Iowa new bridge Action Area

Sample Size 100 50
Mean Density 13.1 12.9
(95% CI) 3.3 3.2
Standard Deviation 16.7 11.2
Precision 1 25% 25%

Precision level 1

15% 289 134
20% 163 75
25% 104 48

1 Precision level = 95% CI/mean

No. of Samples
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Table 3-3. Unionids collected in quantitative samples in the Iowa new bridge Action Area, 2014 and 2016.

Species No. Live % No. ≤5yo No. FD No. Live % No. ≤5yo No. FD

Amblemini
Amblema plicata 17 10.6 - 2 4 44.4 - -

Pleurobemini
Fusconaia flava FD 2 - - 1 - - - -

Quadrulini
Megalonaias nervosa 12 7.5 - - - - - -
Quadrula metanevra 2 1.2 - - - - - -
Quadrula nodulata FD - - 1 1 11.1 1 -
Quadrula pustulosa 39 24.2 4 8 1 11.1 1 -
Quadrula quadrula 14 8.7 - - 1 11.1 - -

Lampsilini
Actinonaias ligamentina 1 0.6 - - - - - -
Ellipsaria lineolata 17 10.6 4 - 1 11.1 - -
Lampsilis cardium 11 6.8 - - 1 11.1 - -
Lampsilis higginsii FD - - 1 - - - -
Leptodea fragilis 5 3.1 4 - - - - -
Ligumia recta 15 9.3 - 1 - - - -
Obliquaria reflexa 22 13.7 7 8 - - - -
Obovaria olivaria 2 1.2 1 - - - - -
Potamilus alatus 1 0.6 - 1 - - - -
Truncilla truncata WD - - - - - - -

Anodontini
Lasmigona complanata 3 1.9 - - - - - -

Total 161 100.0 20 23 9 100.0 2 0
Live species 14 6
Total species 18 6

Density (no./m2 ± 2SE) 3 12.9 ± 3.2 A 3.0 ± 2.7 B

No. samples 50 12

% ≤5 years old 12.4 22.2
% mortality 12.5 0.0

1 Includes only samples collected shoreward of Pier 2 (within the same area as 2016 samples)
2 FD = fresh dead shell; WD = weathered dead shell
3 Different letters within a row denote a significant difference (Wilcoxon signed-rank test, p≤0.01)

2014 12016
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Table 3-4. Unionids relocated from the Illinois piers and outfall area, August - October 2016.

Species Pier 1 Pier 2 Pier 3 Pier 4 Pier 5

Pier 5 + 

Outfall 1 Outfall Total %

Margaritiferidae
Cumberlandia monodonta 15 7 - - - - 1 23 0.017

Amblemini
Amblema plicata 6,841 5,063 3,336 3,475 2,974 335 201 22,225 15.974

Pleurobemini
Elliptio dilatata - - 1 - 1 - - 2 0.001
Fusconaia flava 2,194 642 246 189 175 55 40 3,541 2.545
Plethobasus cyphyus 7 18 47 13 21 - - 106 0.076
Pleurobema sintoxia 6 11 5 5 5 1 - 33 0.024

Quadrulini
Cyclonaias tuberculata - - 1 - - - - 1 0.001
Megalonaias nervosa 1,049 1,171 377 442 444 62 25 3,570 2.566
Quadrula metanevra 679 1,501 681 199 208 6 1 3,275 2.354
Quadrula nodulata 137 33 42 50 15 3 1 281 0.202
Quadrula pustulosa 15,415 11,392 7,884 7,000 7,474 449 278 49,892 35.859
Quadrula quadrula 1,017 353 425 978 835 51 21 3,680 2.645

Lampsilini
Actinonaias ligamentina 16 16 22 5 21 - - 80 0.057
Ellipsaria lineolata 676 785 400 484 277 15 3 2,640 1.897
Lampsilis cardium 1,557 1,421 1,710 1,065 801 95 24 6,673 4.796
Lampsilis higginsii 174 177 156 127 113 - - 747 0.537
Lampsilis siliquoidea 1 - - - - - - 1 0.001
Lampsilis teres 1 - - 2 1 - - 4 0.003
Leptodea fragilis 225 329 175 157 94 5 1 986 0.709
Ligumia recta 1,641 1,709 2,095 1,755 1,353 130 58 8,741 6.282
Obliquaria reflexa 6,450 7,220 5,681 4,933 4,141 258 99 28,782 20.687
Obovaria olivaria 119 401 403 500 373 13 2 1,811 1.302
Potamilus alatus 209 85 119 74 34 5 6 532 0.382
Potamilus ohiensis 8 2 3 2 2 - - 17 0.012
Toxolasma parvus 5 2 - - - - - 7 0.005
Truncilla donaciformis 31 4 9 5 2 - 1 52 0.037
Truncilla truncata 207 89 44 70 15 5 3 433 0.311

Anodontini
Arcidens confragosus 185 85 66 45 12 9 5 407 0.293
Lasmigona complanata 304 113 54 56 20 16 3 566 0.407
Pyganodon grandis 15 1 - 2 - - 1 19 0.014
Strophitus undulatus 2 - 1 1 - - - 4 0.003
Utterbackia imbecillis - - 2 - - - - 2 0.001

Total 39,186 32,630 23,985 21,634 19,411 1,513 774 139,133 100.000

Live species 29 26 27 26 25 18 20 32

% ≤5 years old 30.5 20.8 21.1 17.9 6.7 17.8 34.8 21.3

1 Unionids from Pier 5 and the outfall were all processed together on 10/24/16. Total from Pier 5 = 20,000; total from outfall = 1,698.
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Table 3-5. Expected number of unionids relocated from the Illinois new bridge Action Area.

Average Low High

Piers 1-5

Density (no./m2) 21.8 17.4 26.2

Total area (all search grids; m2)

Est. total no. live 302,802 241,686 363,918

Est. no. >25 mm 251,326 200,599 302,052

Est. total relocated 226,193 180,539 271,847

Outfall 1

Density (no./m2) 21.8 17.4 26.2

Total area (m2)

Est. total no. live 4,207 3,358 5,057

Est. no. >25 mm 3,492 2,787 4,197

Est. total relocated 3,143 2,509 3,777

1 The outfall area was not sampled in 2016. Data from the new bridge Action Area was extended to the outfall 
area, as it is only ~15 m downstream of the bridge corridor.

13,890

193

2016 data
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Table 3-7. Unionids placed in density treatment areas, August - October 2016.

Species 2x Density 3x Density 2x Density 3x Density 2x Density 3x Density

Amblemini
Amblema plicata 3,763 4,011 4,061 3,973 2,344 4,073

Pleurobemini
Fusconaia flava 557 610 614 666 496 598
Pleurobema sintoxia 6 4 4 9 5 5

Quadrulini
Megalonaias nervosa 567 675 652 680 401 595
Quadrula metanevra 567 542 574 594 436 562
Quadrula nodulata 68 46 41 41 47 38
Quadrula pustulosa 8,621 8,992 9,031 9,160 5,213 8,875
Quadrula quadrula 691 684 649 672 272 712

Lampsilini
Actinonaias ligamentina 9 13 9 21 7 21
Ellipsaria lineolata 477 403 453 463 306 400
Lampsilis cardium 1,059 1,159 1,214 1,249 740 1,253
Lampsilis siliquoidea - 1 - - - -
Lampsilis teres - 1 - - - -
Leptodea fragilis 165 171 179 175 116 180
Ligumia recta 1,516 1,559 1,611 1,544 829 1,682
Obliquaria reflexa 4,950 5,205 5,299 5,350 2,898 5,080
Obovaria olivaria 331 374 336 327 115 328
Potamilus alatus 104 84 97 85 68 94
Potamilus ohiensis 2 6 4 2 - 3
Toxolasma parvus 3 - 1 2 - 1
Truncilla donaciformis 4 10 12 9 9 8
Truncilla truncata 74 100 84 64 32 79

Anodontini
Arcidens confragosus 68 90 71 67 53 58
Lasmigona complanata 91 91 120 96 68 100
Pyganodon grandis 1 3 6 2 2 5
Strophitus undulatus - 2 2 - - -
Utterbackia imbecillis - 1 - 1 - -

Total 23,694 24,837 25,124 25,252 14,457 24,750

Illiniwek Park Eagle's Landing Upstream
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Table 3-9. Unionids relocated from the  Iowa piers, October 2016.

Species Pier 1 Pier 2 Pier 3 Total %

Margaritiferidae
Cumberlandia monodonta - 1 - 1 0.06

Amblemini
Amblema plicata 155 52 31 238 15.25

Pleurobemini
Fusconaia flava 5 - - 5 0.32
Plethobasus cyphyus 1 - - 1 0.06

Quadrulini
Megalonaias nervosa 178 28 10 216 13.84
Quadrula metanevra 24 10 8 42 2.69
Quadrula pustulosa 175 84 13 272 17.42
Quadrula quadrula 129 12 4 145 9.29

Lampsilini
Actinonaias ligamentina 1 - - 1 0.06
Ellipsaria lineolata 74 15 11 100 6.41
Lampsilis cardium 22 19 1 42 2.69
Lampsilis higginsii 5 1 2 8 0.51
Leptodea fragilis 13 - 2 15 0.96
Ligumia recta 74 44 31 149 9.55
Obliquaria reflexa 102 123 13 238 15.25
Obovaria olivaria 20 20 10 50 3.20
Potamilus alatus 2 1 - 3 0.19
Truncilla donaciformis 3 - - 3 0.19
Truncilla truncata 3 1 - 4 0.26

Anodontini
Arcidens confragosus 28 - - 28 1.79

Total 1,014 411 136 1,561 100.00

Live species 19 14 12 20

% ≤5 years old 6.4 4.6 4.4 5.8
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Table 3-10. Expected number of unionids relocated from the Iowa new bridge Action Area.

Average Low High

Pier 1

Density (no./m2) 12.9 9.7 16.1

Total area of search grid (m2)

Est. total no. live 20,253 15,229 25,277

Est. no. >25 mm 20,050 15,077 25,024

Est. total relocated 18,045 13,569 22,522

Pier 2

Density (no./m2) 12.9 9.7 16.1

Total area of search grid (m2)

Est. total no. live 19,853 14,928 24,778

Est. no. >25 mm 19,655 14,779 24,530

Est. total relocated 17,689 13,301 22,077

1,570

1,539

2016 data
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Table 3-12. Unionids collected in the Iowa relocation area, July 2016.

Species No. Live % No. ≤5yo No. FD

Amblemini
Amblema plicata 14 12.3 2 -

Pleurobemini
Fusconaia flava WD - - -

Quadrulini
Megalonaias nervosa 7 6.1 - -
Quadrula nodulata WD - - -
Quadrula pustulosa 15 13.2 4 -
Quadrula quadrula 16 14.0 3 -

Lampsilini
Actinonaias ligamentina 1 0.9 1 -
Ellipsaria lineolata 3 2.6 1 -
Lampsilis cardium 2 1.8 - -
Lampsilis higginsii FD - - 1
Leptodea fragilis 25 21.9 25 1
Ligumia recta WD - - -
Obliquaria reflexa 21 18.4 16 1
Obovaria olivaria 2 1.8 - -
Potamilus alatus WD - - -
Truncilla donaciformis 2 1.8 2 -
Truncilla truncata 3 2.6 3 -

Anodontini
Arcidens confragosus 1 0.9 - -
Lasmigona complanata 1 0.9 - -
Pyganodon grandis WD - - -
Utterbackia imbecillis 1 0.9 1 -

Total 114 100.0 58 3
Live species 15
Total species 21

Density (no./m2 ± 2SE) 4.6 ± 1.4
No. samples 100

% ≤5 years old 50.9
% mortality 2.6

Area (m2) 16,119
No. unionids that could be
placed at 50% density increase

FD = fresh dead shell; WD = weathered dead shell

37,074
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Table 3-14. Unionids collected in Illiniwek Park treatment areas before and after placement of relocated unionids.

Control

Species Resident Relocated Resident Relocated

Amblemini
Amblema plicata 109 93 33 13 235 43 14

Pleurobemini
Fusconaia flava 16 11 3 1 18 4 1

Quadrulini
Megalonaias nervosa - 5 4 3 - - 5
Quadrula metanevra - 1 - - - 1 2
Quadrula nodulata 1 2 - - 1 - -
Quadrula pustulosa 4 109 25 31 27 9 40
Quadrula quadrula 4 4 1 6 6 2 8

Lampsilini
Actinonaias ligamentina - 1 1 - - - -
Ellipsaria lineolata - 20 3 2 1 - 1
Lampsilis cardium - 7 7 5 - 2 6
Lampsilis higginsii - 1 - 1 - - -
Lampsilis siliquoidea - 1 - - - - -
Lampsilis teres 1 - - - - - -
Leptodea fragilis 1 37 5 - 27 3 -
Ligumia recta - 7 4 13 - - 4
Obliquaria reflexa 68 85 32 15 211 42 15
Obovaria olivaria - 5 2 3 - - 2
Potamilus alatus 3 - - - 8 3 -
Potamilus ohiensis - - - - 1 - -
Toxolasma parvus 2 - - - 5 1 -
Truncilla donaciformis 2 2 4 - 19 6 -
Truncilla truncata 1 8 1 1 2 - -

Anodontini
Lasmigona complanata 1 - - - 3 1 2
Pyganodon grandis 2 - - - 2 - -
Utterbackia imbecillis - - 2 - 10 - -

Total 215 399 127 94 576 117 100
Live species 14 18 15 12 16 12 12

Density (no./m2 ± 2SE) 10.8 ± 1.9 20.0 ± 2.5 12.7 ± 3.4 9.4 ± 4.2 28.8 ± 4.9 12.0 ± 3.3 10.3 ± 5.3

% ≤5 years old 57.7 45.4 52.0 18.1 53.0 59.8 16.0

% mortality 2.3 0.7 19.1 0.0 2.2 9.3 2.9

2x Density

Pre-relo Pre-relo Pre-reloPost-relo
3x Density

Post-relo
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Table 3-16.  Unionids collected in Eagle's Landing treatment areas before and after placement of relocated unionids.

Control

Species Resident Relocated Resident Relocated

Amblemini
Amblema plicata 122 133 29 12 217 56 14

Pleurobemini
Fusconaia flava 20 4 4 - 31 10 -

Quadrulini
Megalonaias nervosa 93 13 1 2 69 32 4
Quadrula metanevra 8 5 1 1 14 3 2
Quadrula nodulata 1 2 - - 1 - -
Quadrula pustulosa 205 155 39 21 276 58 13
Quadrula quadrula 107 70 22 4 111 50 7

Lampsilini
Actinonaias ligamentina - - - 1 - - -
Ellipsaria lineolata 55 46 22 2 71 14 3
Lampsilis cardium 5 4 4 3 8 3 2
Lampsilis higginsii - 2 - - 1 - -
Leptodea fragilis 136 41 14 - 165 21 -
Ligumia recta 7 3 1 10 6 4 6
Obliquaria reflexa 194 363 66 16 292 52 8
Obovaria olivaria 7 14 5 1 16 1 2
Potamilus alatus 16 23 7 1 33 7 1
Potamilus ohiensis 1 - - - 1 - -
Toxolasma parvus 2 - - - 9 4 -
Truncilla donaciformis 98 91 9 - 76 17 -
Truncilla truncata 110 60 16 - 91 18 -

Anodontini
Arcidens confragosus 1 - 2 1 6 6 -
Lasmigona complanata 3 1 - 1 3 2 -
Pyganodon grandis - 1 - - 1 - -
Strophitus undulatus - - - - 1 - -
Utterbackia imbecillis 368 198 - - 336 3 -

Total 1,559 1,229 242 76 1,835 361 62
Live species 21 20 16 14 24 19 11

Density (no./m2 ± 2SE) 78.0 ± 15.9 61.5 ± 10.2 24.2 ± 5.0 7.6 ± 3.6 91.8 ± 19.8 36.1 ± 8.7 6.2 ± 3.9

% ≤5 years old 78.6 75.7 66.1 15.8 75.5 61.8 16.1

% mortality 4.5 5.8 14.2 5.0 4.0 8.4 3.1

2x Density 3x Density

Pre-relo Pre-relo Post-relo Pre-relo Post-relo

16-006 February 2017
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Table 3-17. Unionids collected in Upstream treatment areas before and after placement of relocated unionids.

Control

Species Resident Relocated Resident Relocated

Amblemini
Amblema plicata 85 46 13 8 33 17 23

Pleurobemini
Fusconaia flava - 3 5 - 4 - 4
Pleurobema sintoxia - - - 1 - - -

Quadrulini
Megalonaias nervosa 3 5 - - 4 2 3
Quadrula metanevra 2 - 1 4 - - -
Quadrula nodulata - - - 1 - - -
Quadrula pustulosa 81 63 26 19 42 28 16
Quadrula quadrula 8 13 5 - 3 - 5

Lampsilini
Ellipsaria lineolata 19 13 1 1 16 5 1
Lampsilis cardium 14 2 4 1 2 7 5
Lampsilis higginsii 1 - - - - - -
Leptodea fragilis 17 19 3 - 14 2 -
Ligumia recta 16 3 1 6 3 4 11
Obliquaria reflexa 90 58 19 5 81 30 10
Obovaria olivaria 5 2 3 - 3 1 2
Potamilus alatus 2 5 1 1 4 4 -
Toxolasma parvus - - - - - 2 -
Truncilla donaciformis 2 1 1 - - 1 -
Truncilla truncata 8 - 4 - 9 3 -

Anodontini
Arcidens confragosus - 1 1 - 1 - -
Lasmigona complanata 2 1 - - 2 2 1

Total 355 235 88 47 221 108 81
Live species 16 15 15 10 15 14 11

Density (no./m2 ± 2SE) 17.8 ± 2.6 11.8 ± 2.2 8.8 ± 2.4 4.7 ± 1.9 11.1 ± 2.4 10.8 ± 3.4 8.1 ± 3.2

% ≤5 years old 52.1 40.0 73.9 23.4 59.3 46.3 8.6

% mortality 13.2 17.0 24.1 4.1 31.8 35.7 6.9

2x Density 3x Density

Pre-relo Pre-relo Post-relo Pre-relo Post-relo

16-006 February 2017
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Appendix A. 

 

ID numbers of unionids placed in endangered species grids, August – October 2016. 

 

 

 

 



A
pp

en
di

x 
A

-1
. I

nd
iv

id
ua

ls
 p

la
ce

d 
in

 th
e 

Ill
in

iw
ek

 P
ar

k 
La

m
ps

ili
s h

ig
gi

ns
ii 

gr
id

, A
ug

us
t -

 O
ct

ob
er

 2
01

6.

Sp
ec

ie
s

La
m

ps
ili

s h
ig

gi
ns

ii
16

-0
08

16
-3

72
16

-0
04

16
-3

40
16

-0
02

16
-3

65
16

-0
30

16
-3

91
16

-0
09

16
-3

81
16

-0
11

16
-3

56
16

-0
15

16
-3

68
16

-0
36

16
-4

00
16

-0
17

16
-3

82
16

-0
16

16
-3

77
16

-0
38

16
-3

79
16

-0
76

16
-4

06
16

-0
57

16
-3

87
16

-0
27

16
-4

03
16

-0
41

16
-3

94
16

-0
77

16
-4

10
16

-0
66

16
-3

96
16

-0
34

16
-4

11
16

-0
50

16
-3

95
16

-0
94

16
-4

13
16

-0
93

16
-4

14
16

-0
40

16
-4

16
16

-0
64

16
-4

01
16

-1
08

16
-4

18
16

-1
09

16
-4

15
16

-0
43

16
-4

54
16

-0
83

16
-4

02
16

-1
12

16
-4

25
16

-1
17

16
-4

23
16

-0
65

16
-4

58
16

-0
84

16
-4

19
16

-1
27

16
-4

26
16

-1
18

16
-4

31
16

-0
75

16
-4

64
16

-0
89

16
-4

28
16

-1
40

16
-4

33
16

-1
38

16
-4

60
16

-0
86

16
-4

65
16

-0
96

16
-4

74
16

-1
49

16
-4

35
16

-1
71

16
-4

96
16

-1
10

16
-4

67
16

-1
06

16
-4

99
16

-1
50

16
-4

57
16

-1
73

16
-5

07
16

-1
24

16
-4

79
16

-1
13

16
-5

00
16

-1
53

16
-4

63
16

-1
83

16
-5

20
16

-1
78

16
-4

80
16

-1
37

16
-5

03
16

-1
69

16
-5

09
16

-1
88

16
-5

32
16

-1
82

16
-4

82
16

-1
60

16
-5

16
16

-1
81

16
-5

12
16

-1
89

16
-5

51
16

-1
94

16
-4

87
16

-1
67

16
-5

47
16

-1
92

16
-5

35
16

-2
15

16
-5

74
16

-2
06

16
-4

89
16

-1
70

16
-5

72
16

-2
05

16
-5

45
16

-2
29

16
-5

95
16

-2
21

16
-4

91
16

-1
77

16
-6

00
16

-2
24

16
-5

53
16

-2
60

16
-6

55
16

-2
23

16
-4

94
16

-1
80

16
-6

01
16

-2
25

16
-5

69
16

-2
80

16
-7

19
16

-2
26

16
-5

44
16

-2
07

16
-5

97
16

-2
28

16
-5

85
16

-2
84

16
-7

24
16

-2
27

16
-5

87
16

-2
14

16
-6

18
16

-2
34

16
-5

98
16

-2
92

16
-7

26
16

-2
32

16
-5

88
16

-2
20

16
-6

63
16

-2
37

16
-6

00
16

-3
20

16
-7

27
16

-2
45

16
-5

94
16

-2
30

16
-6

66
16

-2
41

16
-6

07
16

-3
49

16
-7

31
16

-2
50

16
-6

13
16

-2
47

16
-6

70
16

-2
70

16
-6

20
16

-3
60

16
-7

35
16

-2
51

16
-6

32
16

-2
62

16
-6

91
16

-2
77

16
-6

36
16

-3
62

16
-7

36
16

-2
54

16
-6

42
16

-3
17

16
-7

14
16

-2
85

16
-6

40
16

-3
69

16
-7

37
16

-2
55

16
-6

52
16

-3
18

16
-7

16
16

-3
10

16
-6

89
16

-2
81

16
-6

53
16

-3
63

16
-7

22
16

-3
30

16
-7

04
16

-2
87

16
-6

80
16

-3
64

16
-3

36
16

-7
12

16
-2

94
16

-7
33

16
-3

78
16

-7
34

16
-3

13
16

-7
33

(a
)

16
-3

88
16

-3
14

To
ta

l n
o.

 p
la

ce
d 

in
 c

el
l

C
el

l 1
C

el
l 2

C
el

l 3
C

el
l 4

52
61

55
59



A
pp

en
di

x 
A

-2
. I

nd
iv

id
ua

ls
 p

la
ce

d 
in

 th
e 

Ill
in

iw
ek

 P
ar

k 
Pl

et
ho

ba
su

s c
yp

hy
us

 g
rid

, A
ug

us
t -

 O
ct

ob
er

 2
01

6.

Sp
ec

ie
s

C
el

l 2
C

el
l 3

C
el

l 4

Pl
et

ho
ba

su
s c

yp
hy

us
16

-0
01

16
-0

40
16

-0
06

16
-0

09
16

-0
29

16
-0

02
16

-0
44

16
-0

21
16

-0
27

16
-0

30
16

-0
03

16
-0

53
16

-0
33

16
-0

28
16

-0
39

16
-0

04
16

-0
54

16
-0

37
16

-0
43

16
-0

49
16

-0
05

16
-0

59
16

-0
45

16
-0

78
16

-0
58

16
-0

13
16

-0
70

16
-0

48
16

-0
79

16
-0

60
16

-0
16

16
-0

71
16

-0
67

16
-0

91
16

-0
64

16
-0

23
16

-0
73

16
-0

68
16

-0
72

16
-0

26
16

-0
74

16
-0

81
16

-0
80

16
-0

32
16

-0
88

16
-0

85
16

-0
34

16
-0

93
16

-0
86

16
-0

90

El
lip

tio
 d

ila
ta

ta
21

3D
-

-

C
yc

lo
na

ia
s t

ub
er

cu
la

ta
21

75
-

-

La
m

ps
ili

s t
er

es
-

3 
liv

e 
(n

o 
ID

s)
-

To
ta

l n
o.

 p
la

ce
d 

in
 c

el
l

14
10

9

-- -

C
el

l 1

22



A
pp

en
di

x 
A

-3
. I

nd
iv

id
ua

ls
 p

la
ce

d 
in

 th
e 

Ea
gl

e's
 L

an
di

ng
 L

am
ps

ili
s h

ig
gi

ns
ii 

gr
id

, A
ug

us
t -

 O
ct

ob
er

 2
01

6.

Sp
ec

ie
s

O
ld

 g
rid

La
m

ps
ili

s h
ig

gi
ns

ii
16

-0
10

16
-3

27
16

-0
81

16
-3

47
16

-0
73

A
16

-3
84

16
-0

88
16

-4
71

16
-0

05
16

-0
26

16
-3

32
16

-0
82

16
-3

53
16

-0
85

16
-3

92
16

-0
99

16
-4

81
16

-0
07

16
-1

00
16

-3
33

16
-0

92
16

-4
17

16
-1

30
16

-4
05

16
-1

75
16

-4
93

16
-0

12
16

-1
14

16
-3

37
16

-0
95

16
-4

29
16

-1
31

16
-4

36
16

-1
79

16
-4

98
16

-0
13

16
-1

21
16

-3
52

16
-1

04
16

-4
30

16
-1

61
16

-4
52

16
-2

03
16

-5
05

16
-0

14
16

-1
33

16
-3

99
16

-1
16

16
-4

44
16

-1
68

16
-4

66
16

-2
04

16
-5

13
16

-0
18

16
-1

39
16

-4
07

16
-1

43
16

-4
45

16
-2

19
16

-4
69

16
-2

11
16

-5
15

16
-0

20
16

-1
45

16
-4

20
16

-1
47

16
-4

53
16

-2
48

16
-4

78
16

-2
16

16
-5

22
16

-0
21

16
-1

56
16

-4
22

16
-1

59
16

-4
55

16
-2

61
16

-5
02

16
-2

46
16

-5
36

16
-0

23
16

-1
72

16
-4

27
16

-1
63

16
-4

62
16

-2
67

16
-5

04
16

-2
57

16
-5

52
16

-0
25

16
-1

87
16

-4
50

16
-1

85
16

-4
72

16
-2

69
16

-5
06

16
-2

82
16

-5
65

16
-0

28
16

-1
97

16
-4

51
16

-2
01

16
-5

73
16

-2
71

16
-5

11
16

-2
93

16
-5

67
16

-0
32

16
-2

00
16

-4
59

16
-2

02
16

-5
79

16
-2

83
16

-5
21

16
-3

00
16

-5
92

16
-0

33
16

-2
18

16
-4

85
16

-2
08

16
-5

93
16

-3
05

16
-5

48
16

-3
55

16
-6

03
IL

-0
1

16
-2

35
16

-4
90

16
-2

39
16

-6
01

16
-3

09
16

-5
50

16
-3

58
16

-6
05

16
-0

37
16

-2
43

16
-4

95
16

-2
64

16
-6

34
16

-3
19

16
-5

96
16

-3
59

16
-6

06
16

-0
39

16
-2

58
16

-5
14

16
-2

72
16

-6
45

16
-3

24
16

-6
28

16
-3

61
16

-6
15

16
-0

42
16

-2
59

16
-5

30
16

-2
79

16
-6

58
16

-3
38

16
-6

44
16

-3
67

16
-6

17
16

-0
45

16
-2

63
16

-5
91

16
-2

89
16

-6
65

16
-3

44
16

-6
59

16
-3

90
16

-6
21

16
-0

46
16

-2
88

16
-5

92
16

-2
96

16
-7

15
16

-3
45

16
-6

74
16

-3
93

16
-6

29
16

-0
48

16
-2

91
16

-6
08

16
-2

98
16

-7
18

16
-3

54
16

-6
79

16
-3

98
16

-6
39

16
-0

53
16

-2
95

16
-6

33
16

-2
99

16
-7

25
16

-3
70

16
-6

99
16

-4
21

16
-6

46
16

-0
56

16
-2

97
16

-6
41

16
-3

29
16

-7
29

16
-3

80
16

-7
00

16
-4

24
16

-6
50

16
-0

61
16

-3
02

16
-6

49
16

-4
34

16
-6

82
16

-0
62

16
-3

06
16

-6
86

16
-4

41
16

-6
98

16
-0

68
16

-3
23

16
-7

17
16

-4
49

16
-7

28
16

-0
70

16
-4

56
16

-7
32

16
-0

72

To
ta

l
27

C
el

l 1
C

el
l 2

C
el

l 3
C

el
l 4

52
46

46
54



A
pp

en
di

x 
A

-4
. I

nd
iv

id
ua

ls
 p

la
ce

d 
in

 th
e 

Ea
gl

e's
 L

an
di

ng
 P

le
th

ob
as

us
 c

yp
hy

us
 g

rid
, A

ug
us

t -
 O

ct
ob

er
 2

01
6.

Sp
ec

ie
s

C
el

l 1
C

el
l 2

Pl
et

ho
ba

su
s c

yp
hy

us
16

-0
11

16
-0

08
16

-0
14

16
-0

77
16

-0
07

16
-0

52
16

-0
15

16
-0

10
16

-0
19

16
-0

82
16

-0
12

16
-0

57
16

-0
46

16
-0

17
16

-0
25

16
-0

84
16

-0
18

16
-0

62
16

-0
63

16
-0

20
16

-0
31

16
-0

94
16

-0
22

16
-0

65
16

-0
81

16
-0

51
16

-0
38

16
-0

95
16

-0
24

16
-0

66
16

-0
83

16
-0

61
16

-0
42

16
-0

97
16

-0
35

16
-0

89
16

-0
90

16
-0

69
16

-0
47

16
-0

99
16

-0
36

16
-0

98
16

-0
96

16
-0

76
16

-0
55

16
-1

02
16

-0
41

16
-1

01
16

-1
00

16
-0

87
16

-0
56

16
-1

04
16

-0
50

16
-1

05
16

-1
03

16
-0

92
16

-0
75

El
lip

tio
 d

ila
ta

ta
-

-

To
ta

l
10

10

C
el

l 4
C

el
l 3

- 18
2021
7E



A
pp

en
di

x 
A

-5
. I

nd
iv

id
ua

ls
 p

la
ce

d 
in

 th
e 

U
ps

tre
am

 L
am

ps
ili

s h
ig

gi
ns

ii 
gr

id
, A

ug
us

t -
 O

ct
ob

er
 2

01
6.

Sp
ec

ie
s

O
ld

 g
rid

La
m

ps
ili

s h
ig

gi
ns

ii
16

-0
79

16
-3

86
16

-0
74

16
-4

12
16

-0
29

16
-3

71
16

-0
71

16
-3

07
16

-0
01

16
-0

90
16

-3
89

16
-0

91
16

-4
37

16
-0

49
16

-4
39

16
-0

80
16

-3
11

16
-0

03
16

-1
02

16
-3

97
16

-1
07

16
-4

38
16

-0
78

16
-4

42
16

-0
87

16
-3

15
16

-0
06

16
-1

20
16

-4
46

16
-1

42
16

-4
40

16
-1

01
16

-4
43

16
-1

05
16

-3
22

16
-0

19
16

-1
36

16
-4

77
16

-1
44

16
-4

61
16

-1
03

16
-4

88
16

-1
11

16
-3

43
16

-0
22

16
-1

41
16

-4
83

16
-1

55
16

-4
68

16
-1

19
16

-5
18

16
-1

15
16

-3
83

16
-0

24
16

-1
54

16
-4

92
16

-1
57

16
-4

73
16

-1
22

16
-5

24
16

-1
23

16
-4

09
16

-0
31

16
-1

62
16

-5
01

16
-1

74
16

-4
75

16
-1

25
16

-5
26

16
-1

29
16

-4
32

16
-0

35
16

-1
65

16
-5

10
16

-1
96

16
-4

76
16

-1
26

16
-5

28
16

-1
32

16
-4

47
16

-0
44

16
-1

95
16

-5
19

16
-1

98
16

-4
84

16
-1

28
16

-5
31

16
-1

34
16

-4
48

16
-0

47
16

-2
10

A
16

-5
23

16
-1

99
16

-4
86

16
-1

46
16

-5
40

16
-1

35
16

-4
70

16
-0

51
16

-2
36

16
-5

25
16

-2
40

16
-4

97
16

-1
52

16
-5

41
16

-1
48

16
-5

08
16

-0
52

16
-2

68
16

-5
42

16
-2

42
16

-5
39

16
-1

64
16

-5
54

16
-1

51
16

-5
17

16
-0

54
16

-2
76

16
-5

49
16

-2
49

16
-5

68
16

-1
66

16
-5

77
16

-1
58

16
-5

27
16

-0
55

16
-3

12
16

-5
70

16
-2

53
16

-5
78

16
-1

76
16

-5
82

16
-1

84
16

-5
38

16
-0

58
16

-3
25

16
-5

99
16

-2
56

16
-5

81
16

-1
93

16
-5

93
16

-1
86

16
-5

55
16

-0
59

16
-3

26
16

-6
09

16
-2

73
16

-5
84

16
-2

12
16

-5
89

16
-1

90
16

-5
59

16
-0

60
16

-3
42

16
-6

11
16

-2
75

16
-5

86
16

-2
13

16
-6

16
16

-1
91

16
-5

61
16

-0
63

16
-3

48
16

-6
77

16
-2

78
16

-5
95

16
-2

17
16

-6
19

16
-2

09
16

-5
62

16
-0

67
16

-3
51

16
-6

88
16

-2
86

16
-5

98
16

-2
38

16
-6

22
16

-2
10

16
-5

64
16

-0
73

16
-3

57
16

-6
95

16
-2

90
16

-6
02

16
-2

65
16

-6
26

16
-2

22
16

-5
99

16
-3

73
16

-7
06

16
-3

01
16

-6
25

16
-3

08
16

-6
48

16
-2

31
16

-6
14

16
-3

74
16

-7
07

16
-3

16
16

-6
60

16
-3

21
16

-6
57

16
-2

33
16

-6
20

16
-3

75
16

-7
09

16
-3

34
16

-6
78

16
-3

28
16

-6
69

16
-2

44
16

-6
38

16
-3

85
16

-3
39

16
-7

01
16

-3
31

16
-6

87
16

-2
52

16
-6

54
16

-3
46

16
-7

10
16

-3
35

16
-6

90
16

-2
66

16
-6

73
16

-3
66

16
-7

11
16

-3
41

16
-6

92
16

-2
74

16
-6

75
16

-3
76

16
-7

20
16

-3
50

16
-7

13
16

-3
03

16
-7

21
16

-4
04

16
-7

30
16

-3
04

16
-7

23
16

-4
08

To
ta

l
20

C
el

l 1
C

el
l 2

C
el

l 3
C

el
l 4

49
59

56
58


	56_I-74_ITA_amend_FINAL_7-10-17
	APPENDIX A_56_I-74_executed_ITA_7-15-16
	APPENDIX B_56_I-74_Final_Mussel_Relocation_Report_02-2017
	16-006 App A.pdf
	16-006 Tables IL LH1
	16-006 Tables IL PC
	16-006 Tables EA LH1
	16-006 Tables EA PC
	16-006 Tables UP LH1





