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1.0 Introduction 

The purpose of this Biological Assessment (BA) is to review the construction and demolition plans for the Cairo Bridge 

project and determine whether the actions associated with replacement will affect the federally endangered species 

Epioblasma triquetra (snuffbox). This BA is prepared in accordance with legal requirements set forth under Section 7 of 

the Endangered Species Act (ESA) (16 U.S.C. 1536[c]). The Action Area addressed in this BA includes the Direct 

Impact Area, the Indirect Impact Area, as well as upland project limits (Figure 1-1). The Direct Impact Area extends 

approximately 35 m (115 ft.) upstream to approximately 10 m (33 ft.) downstream of the existing bridge centerline, and 

includes the demolition footprint of the existing bridge, construction footprint of the proposed bridge, 

construction/demolition footprint of the temporary detour bridge, footprint of temporary rock causeways, and 5 m (16 ft.) 

upstream and riverward and 10 m (33 ft.) downstream buffers. The Indirect Impact Area extends approximately 100 m 

(328 ft.) downstream of the Direct Impact Area. The new bridge piers will be constructed out of the ordinary high water 

(no instream piers), but some construction and demolition activity would occur in the North Fork Hughes River. Since 

freshwater unionid mussels occur in this reach of the North Fork Hughes River and E. triquetra populations are known 

to occur upstream and downstream of the Action Area, E. triquetra could potentially occur in the Action Area. 

 

Due to its advanced age, structural deficiencies, narrow lanes, and limited vertical clearance, the existing bridge does not 

meet current transportation requirements or design standards. The existing conditions restrict truck traffic and hinder 

substantial local economic development. Therefore, a new bridge over the North Fork Hughes River is necessary. 

 

This BA describes bridge construction and demolition locations and distribution of unionid mussels within this section of 

the North Fork Hughes River, and the potential effects these activities may have on unionids. Also described are 

conservation measures that will be implemented to avoid and minimize impacts. 

 

Under Section 7 of the ESA, federal agencies are required to consider two main issues with respect to a threatened or 

endangered species: 1) whether the proposed action is likely to jeopardize the continued existence of the species; and 2) 

whether the proposed action would destroy or adversely modify designated critical habitat for that species. If an 

endangered species is present and may be affected, formal consultation is required.  

 

Unionid surveys within the project area were performed by Ecological Specialists, Inc. August 13-14, 2015. The 2015 

survey found 49 live unionids of 8 species. Preliminary meetings with U.S. Fish and Wildlife Service (USFWS) and 

West Virginia Division of Natural Resources (WVDNR) to discuss construction alternatives and conservation measures 

were initiated November 2015 (Table 1-1). As E. triquetra is known to occur upstream and downstream of the Project 

Area and that there is a high probability that E. triquetra occurs in the Project Area, formal consultation is requested for 

the Cairo Bridge project. 
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2.0 Project Description 

The purpose of this project is to replace the existing bridge over the North Fork Hughes River with a replacement that 

meets current design standards to effectively serve the transportation needs of tourists, residents, industry, and 

emergency vehicles. The existing bridge is structurally deficient, does not meet current design standards, and is at the 

end of its useful life. Closure of the existing bridge without constructing a replacement would result in a 45 km (28 mile) 

detour, burdening commercial, industrial, and residential traffic. 

 

Project elements that could affect freshwater mussels in the North Fork Hughes River include any actions that would 

affect freshwater mussel habitat; specifically, local hydraulic conditions, substrate constituents or stability, water and 

sediment quality, current velocity, depth, and host fish occurrence. This would include any construction/demolition of in-

stream structures, in-stream operation of construction equipment, as well as upland disturbances. 

 

2.1 Design and Alternatives of Project Features 

The alternative courses of action considered for this project include a no-build option and five build options: 1) 

demolition of existing bridge, and construction of a new single-span bridge on the existing alignment (Alternative 1A), 

2) demolition of existing bridge, and construction of a new three-span bridge on the existing alignment (Alternative 1B), 

3) demolition of existing bridge, and construction of a new single-span bridge on a new alignment upstream of existing 

alignment (Alternative 2A), 4) demolition of existing bridge, and construction of new three-span bridge on a new 

alignment upstream of existing alignment (Alternative 2B), and 5) rehabilitation of existing bridge using an upstream 

temporary detour bridge (Alternative 3; Figure 2-1). Alternatives 1A, 1B and 3 require a 130 ft. long, two-span 

temporary bridge upstream of the existing bridge to maintain traffic during demolition of the existing span and 

construction of the new span. Traffic would be maintained on the existing structure during construction of the new span 

for Alternatives 2A and 2B. Demolition of the existing bridge would be similar across all alternatives: the truss would be 

cut with explosives and lifted out of the river. Explosives or jackhammers would remove the existing piers. Machinery 

would be used to remove concrete and other debris from the river. Demolition and debris removal is expected to take 

approximately 25 days. 

 

Due to the deteriorated condition of the existing bridge the no-build alternative would result in eventual closure, 

eliminating this route of WV Route 31. The structure would continue to deteriorate until complete replacement becomes 

unavoidable. Therefore, a no-build option would not satisfy the project objectives and no further investigation on this 

option was performed. 

 

During the Field Review Submission, engineers examined the feasibility of dismantling the existing structure and 

erecting girders without impacting the stream. After review and discussion, it was concluded that the risks inherent with 

the complex demolition and construction plans associated with these unconventional methods is not warranted for this 

site. These risks, which could still include inadvertent damage to the natural resource would be more than a responsible 
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contractor would assume and would be reflected in an increased construction cost. Therefore, instream impacts due to 

construction/demolition activities are associated with this project. 

 

Construction Alternative 1A entails construction of a new single-span bridge on the existing alignment (see Figure 2-1). 

Traffic would be maintained on a temporary bridge approximately 35 m (115 ft.) upstream of the existing span. 

Construction of this temporary bridge would require a temporary in-stream causeway extending from the south bank to 

the location of the temporary bridge pier. This construction option would offer a new crossing of the North Fork Hughes 

River that meets traffic requirements. This single-span alternative has less substructure and bridge deck area to maintain 

in the future and provide the most open channel for flood debris. Temporary rock causeways on each bank would be 

constructed leaving the center of the channel open. These causeways would allow crane and equipment to access each 

side for normal demolition and erection procedures. 

 

Construction Alternative 1B entails construction of a new three-span bridge on the existing alignment (see Figure 2-1). 

Traffic would be maintained on a temporary bridge approximately 35 m (115 ft.) upstream of the existing span. 

Construction of this temporary bridge would require a temporary in-stream causeway extending from the south bank to 

the location of the temporary bridge pier. The three-span design of this alternative would be the most feasible to erect 

and therefore this design has the least cost and least impact of traffic during construction. Temporary rock causeways on 

each bank would be constructed leaving the center of the channel open. These causeways would allow crane and 

equipment to access each side for normal demolition and erection procedures. 

 

Construction Alternative 2A entails construction of a new single-span bridge on a new bridge alignment approximately 

15 m (49 ft.) upstream of the existing bridge (see Figure 2-1). Traffic would be maintained on the existing structure 

during construction. Similarly to Alternative 1A, the single-span design has less substructure and bridge deck area to 

maintain in the future and provides the most open channel for flood debris. Temporary shoring would be required on the 

south approach during the phased construction of the abutment wingwalls where they conflict with the existing structure. 

Temporary rock causeways on each bank would be constructed leaving the center of the channel open. These causeways 

would allow crane and equipment to access each side for normal demolition and erection procedures. 

 

Construction Alternative 2B entails construction of a new three-span bridge on a new bridge alignment approximately 15 

m (49 ft.) upstream of the existing bridge (see Figure 2-1). Traffic would be maintained on the existing structure during 

construction. Similarly to Alternative 2A, temporary shoring would be required on the south approach during the phased 

construction of the abutment wingwalls, where they conflict with the existing structure. Temporary rock causeways on 

each bank would be constructed leaving the center of the channel open. These causeways would allow crane and 

equipment to access each side for normal demolition and erection procedures. 

 

Construction Alternative 3 entails the rehabilitation of the existing structure (see Figure 2-1). Traffic would be 

maintained on a temporary bridge approximately 35 m (115 ft.) upstream of the existing span. Temporary rock 
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causeways on each bank would be constructed leaving the center of the channel open. These causeways would allow 

crane and equipment to access each side for normal demolition and erection procedures. However, this Alternative would 

not provide any additional lane width on the existing structure; therefore this option provides less safety for two lane, 

two-way traffic. This alternative would also result in significant, ongoing maintenance costs as compared to other 

alternatives. As this alternative would provide only a short-term structural solution and maintain substandard lane width 

that restricts use by truck traffic and hinders substantial economic development, this alternative does not meet the 

purpose and need of the project. Additionally, recent inspections detected significant destress in the deck, strings, and 

lower chord of the truss. Analysis of rehabilitation measures concluded that rehabilitation of the bridge in the deformed 

condition of the lower chord is not practical or recommended. 

 

In-stream impacts differ among alternatives. Alternative 3 would have the least in-stream impact, as all construction 

would occur above ordinary high water and the existing bridge would be rehabilitated. Alternatives 2A and 2B would 

have moderate in-stream impacts, as causeways extending from both banks at the existing structure would be constructed 

and in-stream impacts associated with the existing bridge would occur. Alternatives 1A and 1B would have the most in-

stream impacts among all alternatives, as in addition to impacts associated with Alternatives 2A and 2B, a temporary 

rock causeway extending from the south bank to the temporary detour bridge pier. This temporary in-stream pier would 

remain in place until the temporary detour bridge is removed. 

 

While Alternatives 1A, 1B, 2A, and 2B all meet the project’s purpose and needs, WVDOH determined that constructing 

Alternative 1B is the most desirable alternative, as it fulfills the need for a modern crossing of the North Fork Hughes 

River, reduces impacts on traffic, and does not rely on the existing structure to maintain traffic. The advanced 

deterioration of the existing bridge indicates that it will be unlikely to maintain traffic through the construction of a 

replacement bridge. As such, Alternatives 2A and 2B were considered less feasible, as both of these alternatives utilize 

the existing bridge to maintain traffic. While Alternative 1B is the preferred alternative, Alternative 1A may be utilized 

pending the final bridge design. There will be no difference in the in-stream impacts between Alternative 1A and 

Alternative 1B, only in the number of piers constructed above ordinary high water. As Alternative 1B is the preferred 

alternative, this BA addresses impacts associated with this alternative. 

 

2.2 Preferred Alternative 1B 

Alternative 1B consists of constructing a new three-span bridge on the existing alignment. The new structure consists of 

spans of 20.7 m (68 ft.), 37.2 m (122 ft.), and 20.7 m (68 ft.), totaling 78.6 m (258 ft.) in length. The new structure would 

provide 2, 3.4 m (11 ft.) lanes, with 2, 1.2 m (4 ft.) shoulders and 1, 1.7 m (5.6 ft.) sidewalk and other structures for a 

total bridge width of 10.9 m (35.8 ft.). Additionally, significant approach roadway work, removal of the existing 

structure, and construction of a 39.6 m (130 ft.) two-span temporary bridge approximately 35 m (115 ft.) upstream of the 

existing span would be required. 
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Construction of the proposed roadway would require both clearing trees and placing fill at the approaches. The stream 

banks at the proposed structure would be graded to a 2:1 slope at the abutments, both of which would help provide more 

uniform stream banks throughout the project area. All work done within the streambed would be during low flow 

conditions. Clearing of trees would be needed along the stream banks. The Area of Direct Impact would encompass a 

total of 52.5 linear m (172.2 linear ft.) along the left descending bank and a total of 54.3 linear m (178.1 linear ft.) along 

the right descending bank. The riparian zone was fully vegetated and harbored plant life generally associated with 

riparian corridors, with typical streamside species such as sycamore (Platanus sp.), maple (Acer sp.), cottonwood 

(Populus sp.), willow (Salix sp.), and various woody shrubs. Large trees were more common in the upstream portion of 

the riparian zone. Emergent vegetation such as water willow (Justicia americana) was present along the banks. Silt 

fencing, turbidity curtains, and additional erosion control measures would be used on both banks to prevent siltation 

within the North Fork Hughes River. 

 

Construction will consist of five phases, and will be completed in two construction seasons over 422 days. Phase 1 will 

include the construction of a temporary in-stream causeway extending from the south bank to the location of the 

temporary bridge pier upstream of the existing bridge. It is assumed the temporary pier will be constructed of driven steel 

piles and will not require a cofferdam. The causeway will be used to place the pier and for crane positioning during 

erection of the temporary bridge girders. Once the temporary bridge is erected, the causeway will be removed. Included 

in Phase 1 is the implementation of temporary traffic control measures, installation of erosion and sediment controls, 

utility relocations, installation of construction entrances, and installation of the temporary detour roadway. Phase 1 is 

anticipated to last 55 calendar days. 

 

Phase 2 will include the installation of in-stream temporary causeways extending from both banks just upstream of the 

existing bridge. The center of the channel will remain open. Demolition of the bridge will be done by setting charges 

along critical locations. In-stream clean up of the fallen debris will be accessed from the causeway. This causeway will 

remain in place after the bridge demolition to be used for crane placement during erection of the proposed bridge girders 

in Phase 3. Phase 2 is anticipated to last 25 days. 

 

Phase 3 will include the construction of the proposed bridge on the same alignment as the existing bridge. Piers and 

abutments will be constructed out of the ordinary high water and no cofferdams are anticipated. Structural girders will be 

set on the bridge abutments and piers and steel decking will be installed. The causeway will be in place for the 282 days 

required to complete Phase 3 through the muskellunge spawning season. Phase 3 is anticipated to last 282 days. 

 

Phase 4 will begin once the muskellunge spawning season ends. The remaining portions of the causeway will be 

removed and concrete decking and rails, approach structures, and guard rails will be installed. Phase 4 is anticipated to 

last 45 days. 
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Phase 5 will begin after the new bridge is open to traffic. A temporary causeway from the south bank to the location of 

the temporary bridge pier (installed during Phase 1) will be reconstructed. The temporary bridge will be removed with 

cranes working from the causeway. Once the bridge is removed, the causeway will be removed, concluding in-stream 

work on this project. Phase 5 is anticipated to last 25 days. 

 

As temporary rock causeways will be in place through the 422 day duration of the project, causeways may be subjected 

to chronic and/or acute high water events. Therefore, there is a slight risk of a causeway ‘wash-out’. A causeway ‘wash-

out’ contingency plan will be addressed in a USFWS-approved Erosion and Sediment Pollution Control Plan. 

 

2.3 Project Timeline and Schedule 

Replacement of the existing bridge will consist of five phases and will require approximately 422 calendar days to 

complete (Figure 2-2). Construction is expected to occur across two construction seasons, and is anticipated to begin July 

1, 2018. 

 

2.4 Project Location 

The project area is located in the North Fork Hughes River, in the area occupied by the existing WV Route 31 crossing 

and areas immediately upstream and downstream, Ritchie County, West Virginia (Action Area). The Direct Impact Area 

associated with the preferred alternative (Alternative 1B) extends approximately 35 m (115 ft.) upstream to 10 m (33 ft.) 

downstream of the existing bridge, and includes the demolition footprint of the existing bridge, construction footprint of 

the proposed bridge, construction/demolition footprint of the temporary detour bridge, footprint of temporary rock 

causeways, and 5 m (16 ft.) upstream and riverward and 10 m (33 ft.) downstream buffers (approximately 1,037 m2 

(11,162 ft2); Figure 2-3). This includes any areas traversed by machinery during construction and post-demolition debris 

removal. The Direct Impact Area will be simultaneously treated as the Salvage Zone, from which mussels would be 

removed prior to construction and demolition activities. 

 

The Indirect Impact Area spans bank to bank and extends approximately 100 m (328 ft.) downstream of the Direct 

Impact Area (approximately 1,411 m2 (15,188 ft2); Figure 2-3). These areas may be affected by increased turbidity and 

increased sedimentation emanating from demolition and construction activities within the Direct Impact Area. 

 

Upland Areas where construction, equipment staging, and refueling are likely to occur are also included in the Action 

Area (see Figure 1-1).  

 

2.5 Conservation Measures 

The design of the new bridge crossing is such that environmental impacts would be minimized to the maximum possible 

extent. The new bridge would use a three-span design, and would have no in-stream structures. The new bridge would be 

built without drains to prevent any spills from entering the river; runoff on the new bridge would be filtered through a 

grassy swale prior to discharge into the river. A USFWS-approved Erosion and Sediment Pollution Control Plan would 
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be developed prior to the start of construction. Silt fencing, turbidity curtains, and additional erosion control measures 

would be implemented during construction and demolition activities to prevent siltation within the North Fork Hughes 

River. Immediately after earth disturbance activities cease, the disturbed areas would be stabilized through the planting 

of 450 stems/acre of willows and native seeding. Non-native seeding such as winter wheat may also be used.  

 

The project’s timeline has been developed with aquatic fauna in mind. Construction activities would avoid the early 

spring muskellunge spawning season (April 1 to June 30). Demolition of the existing bridge would be postponed until a 

period of low water (August, September, October) to reduce siltation to downstream unionids. 

 

As construction of the temporary detour bridge, demolition of the existing bridge, and construction of the proposed 

bridge may affect unionid mussels, unionids inhabiting the Direct Impact Area (Salvage Zone) would need to be 

relocated within 1 year of the start of construction. As construction is expected to begin during the spring of the 

construction year, unionids would be relocated the previous fall during low-water conditions. As a temporary causeway 

will need to be re-constructed to remove the temporary bridge pier during the final phase of the project (days 397 – 422), 

and since more than 1 year will have passed since the original relocation effort, a second relocation effort from the 

footprint of the causeway will be required prior to causeway re-construction. The relocation will be conducted according 

to a WVDNR and USFWS approved Relocation Plan; the Relocation Plan is outlined below: 

 

Relocation of mussels within the Salvage Zone will be accomplished by dividing the area into cells, not 

exceeding 100 m2. Initially, each cell will be qualitatively searched at an effort of 0.5 minutes/m2. A second 

pass will be made through each cell at the same search effort, and additional passes will be conducted until 2 or 

fewer mussels or less than 5% of the original number collected are recovered on the final pass. All live 

individuals recovered from the Salvage Zone will be identified to species, aged (external annuli), measured 

(length in mm), and sexed (for sexually dimorphic species). Individuals of endangered species will be assigned 

a unique identification number (shellfish tag), while individuals of common species will receive a colored mark 

or other non-unique indicator. Recovered individuals will be held in mesh collection bags, in flowing water, out 

of direct sunlight until they can be transported to a Recipient Site; total retention time of recovered individuals 

will not exceed 1 hour, and individuals will be hand-placed into the substrate at a Recipient Site. 

 

Prior to the relocation effort, a Recipient Site will be identified. An area upstream of the Salvage Zone that was 

investigated during the initial survey harbors an existing unionid community and will be used to receive non-

listed individuals. All T&E species collected during the relocation will be transferred to WVDNR and placed at 

a downstream Recipient Site located approximately 2.5 km downstream of the project area currently utilized as 

a permanent monitoring site (J. Clayton, WVDNR, pers. comm.).  

 

The upstream Recipient Site will be delineated through a series of timed qualitative searches. Searches will be 5 

minutes in duration and will consist of biologists visually searching the stream bottom while fanning and/or 
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disturbing the top layer of substrate. The minimum search effort for delineation of the site will be 1 person-

hour, and searches will continue until at least 6 samples are collected with no additional species. The extent of 

the site will be recorded with GPS. All live individuals collected during delineation searches will be identified 

to species and classified as adult or juvenile. Data from delineation searches will be used to create a species 

richness curve. In addition to timed qualitative searches, a minimum of 20, 0.25 m2 whole-substrate quantitative 

samples (quadrats) will be excavated to estimate density of mussels within the newly delineated concentration. 

All live individuals collected in quantitative samples will be identified to species, aged (external annuli), 

measured (length in mm), and sexed (for sexually dimorphic species). 

 

If this site contains similar or better habitat than the Salvage Zone, harbors a similar unionid community, and 

can accept individuals relocated from the Salvage Zone without increasing density by more than 25%, this area 

will be utilized as a Recipient Site. Non-listed unionid species will be hand-placed evenly throughout the 

Recipient Site. 

 

Relocation efforts prior to the temporary causeway re-construction will follow the above methods and will be 

coordinated with WVDNR and USFWS. Unionids will be removed from the footprint of the causeway with a 5 

m upstream buffer and 10 m downstream buffer. 

 

Recolonization will be assessed through monitoring of the Salvage Zone 1, 3, and 5 years post-construction. To 

determine effects of bridge construction and unionid recolonization within the Salvage Zone, 4-10 m x 10 m 

cells will be selected within the Salvage Zone and will be delineated based on the cells used for the initial 

relocation. Within each cell, 10-0.25 m2 quantitative quadrat samples will be excavated to determine density, 

species composition, and to increase probability of finding juvenile (≤5 years old) unionids that may have 

recolonized the area. Quantitative samples will be distributed within each cell based on a three random start 

methodology, and each sample will be excavated to a depth of approximately 15 cm. All live unionids will be 

measured (length in mm) and aged (external annuli count). Fresh dead shells (with or without tissue, nacre 

shiny, valves still intact, periostracum present; likely dead less than one year) will be counted and noted as 

juveniles (≤5 years old) or adults (> 5 years old). Weathered dead shells (no tissue, nacre chalky, valves may or 

may not be intact, periostracum present; likely dead more than one year) and subfossil shells (entire shell 

chalky, valves not intact, no periostracum; dead many years to decades) will be noted as present. Live unionids 

will be returned to the river near their collection point. At each sample point, a GPS position will be recorded 

and depth (m) and substrate composition (visual and tactile estimate by diver) will be recorded. In addition, 

each cell will be qualitatively searched by 12, 5-minute qualitative spot dives to determine species composition 

and increase the probability of collecting all species present within each cell. At the conclusion of each sample, 

live unionids will be identified to species, identified as juveniles or adults, and counted. Fresh dead, weathered 

dead, and subfossil shells will be treated as in quantitative samples. Live unionids will be returned to the river 

near their collection point. A GPS position, depth, and substrate composition will be recorded at the start of 
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each sample. At least one individual of each species will be photographed. This effort will be repeated during 

the 3 and 5 year monitoring events to compare density, catch per unit effort (CPUE), and species composition to 

document recolonization of the Salvage Zone. 
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3.0 Environmental Setting and Biological Resources 

No mussel surveys had been conducted within the Action Area prior to 2015; however, surveys conducted elsewhere in 

the North Fork Hughes River accounted for 26 unionid species, including E. triquetra (Table 3-1). A pre-project unionid 

survey of the North Fork Hughes River from approximately 110 m (361 ft.) upstream to approximately 150 m (492 ft.) 

downstream of the existing Cairo Bridge centerline was conducted in August 2015; although construction plans had not 

yet been finalized, the entirety of the Direct and Indirect Impact areas were included in this survey (Figure 3-1). The 

2015 survey identified 8 live unionid species (Table 3-2). Species richness was moderate but density within the Salvage 

Zone (0.89 (±0.81) live unionids/m2) exceeded expectations based on semi-quantitative samples, suggesting that 

undetected unionids may be buried deep within the substrate throughout the study area and potential exists for additional 

species to occur in the Direct and Indirect Impact Areas (Figure 3-2). Although E. triquetra was not found during the 

2015 survey, its presence cannot be ruled out. 

 

3.1 Unionid Characteristics 

Unionid characteristics are based on the 2015 pre-project survey, which followed West Virginia Mussel Survey 

Protocols (Clayton et al., 2015) for Group 2 streams (small to medium sized streams where endangered species are 

expected). A combination of semi-quantitative and qualitative sampling methods was used during the survey (ESI, 

2015). Survey effort is presented in Appendix B.  

 

Eight (8) live species were found in the 2015 survey area. Two (2) additional species, Lampsilis cardium and Strophitus 

undulatus were present as weathered dead shells. Fusconaia flava was the dominant species (n=14), followed by 

Amblema plicata (n=11), Lampsilis siliquoidea (n=6), and Ptychobranchus fasciolaris (n=6). Semi-quantitative catch per 

unit effort (CPUE) averaged 1.1 live unionids/hr. Unionids were collected throughout the study area in substrate of sand, 

gravel, cobble, and boulder (Figure 3-3). 

 

Depths within the Direct Impact Area varied; depths were shallow (0.0 – 0.2 m) at the downstream end near the existing 

Cairo Bridge where a gravel bar split the channel into two shallow run/riffle complexes, and deeper (>1.1 m) at the 

upstream end where a pool was present (Figure 3-4). Substrate within the Direct Impact Area was primarily gravel and 

sand, with some boulder, clay, and detritus present (Figure 3-5). 

 

Only 4 live individuals (n=3 in semi-quantitative samples, n=1 in quantitative samples) were collected from the Direct 

Impact Area (Table 3-3). One (1) individual was collected in quantitative samples under the bridge (A. plicata) while the 

3 individuals collected in semi-quantitative samples (A. plicata, L. siliquoidea, and P. fasciolaris) were collected 

upstream of the bridge in a pool (see Figure 3-3). No federally endangered species were observed in the Direct Impact 

Area. 

 

Similarly to the Direct Impact Area, substrate within the Indirect Impact Area consisted of sand, gravel, cobble, and 

boulder (see Figure 3-5). The majority of individuals found in the 2015 survey were in this heterogeneous substrate (see 
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Figure 3-3 and Figure 3-5). Depths within the Indirect Impact area ranged from 0.3 m to >1.1 m, with the greatest depths 

observed along the right descending bank downstream of the existing bridge (see Figure 3-4). 

 

Twenty-seven (27) live unionids of 7 species were collected from the Indirect Impact Area (see Table 3-3). While 

individuals were generally present throughout the Indirect Impact Area, 2 areas, one at the upstream end of the Indirect 

Impact Area and one halfway down along the left descending bank, yielded a majority of the mussels collected (see 

Figure 3-3). Fusconaia flava (n=9) was the most commonly collected species, followed by A. plicata (n=5), L. 

siliquoidea (n=3), Obovaria subrotunda (n=3), and P. fasciolaris (n=3). 

 

3.2 Ongoing Activities 

No known activities are currently affecting unionid communities or their habitat immediately within the Action Area. 
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4.0 Species Considered  

North America's unionid fauna is the most diverse in the world, and consists of nearly 300 nominal species (Williams et 

al., 1993; Turgeon et al., 1998). This diverse group of sedentary filter feeding animals is an important ecological 

component of many benthic communities where they play important roles in particle dynamics, nutrient cycling, and 

sediment mixing (Ricciardi et al., 1998; Vaughn and Hakenkamp, 2001). However, pollution, modification of riverine 

systems, and the introduction of exotic species have resulted in the decline of many unionid species. Approximately 10% 

of North American unionid species are already presumed to be extinct, and approximately two-thirds of the species are 

threatened by environmental degradation, making this North America’s most imperiled faunal group (Ricciardi et al., 

1998; Haag and Williams, 2014).  

 

While not collected in the Action Area, the federally endangered E. triquetra is known to occur within the North Fork 

Hughes River approximately 2.5 km downstream of the project area. Because most unionid species have similar habitat 

requirements and impacts to most unionid species would be similar, only this species was addressed in this BA. 

 

4.1 Snuffbox (Epioblasma triquetra) 

Epioblasma triquetra was federally listed as an endangered species February 14, 2012 (77 FR 8632 8665) and thus, is 

designated as critically imperiled in every state where it is known to occur. The following description, habitat 

requirements and distribution information for E. triquetra is taken from USFWS Final Rule: Determination of 

Endangered Status for the Rayed Bean and Snuffbox Mussels Throughout Their Ranges (USFWS, 2012): 

 

“The snuffbox is a small- to medium- sized mussel, with males reaching up to 2.8 in (7.0 cm) in length (Cummings and 

Mayer 1992, p. 162; Parmalee and Bogan 1998, p. 108). The maximum length of females is about 1.8 in (4.5 cm) 

(Parmalee and Bogan 1998, p. 108). The shape of the shell is somewhat triangular (females), oblong, or ovate (males), 

with the valves solid, thick, and very inflated. The beaks are located somewhat anterior of the middle, and are swollen, 

turned forward and inward, and extended above the hingeline (Cummings and Mayer 1992, p. 162). Beak sculpture 

consists of three or four faint, double-looped bars (Cummings and Mayer 1992, p. 162; Parmalee and Bogan 1998, p. 

108). The anterior end of the shell is rounded, and the posterior end is truncated, highly so in females. The posterior 

ridge is prominent, being high and rounded, while the posterior slope is widely flattened. The posterior ridge and slope in 

females is covered with fine ridges and grooves, and the posterioventral shell edge is finely toothed (Cummings and 

Mayer 1992, p. 162). When females are viewed from a dorsal or ventral perspective, the convergence of the two valves 

on the posterior slope is nearly straight due to being highly inflated. This gives the female snuffbox a unique, broadly 

lanceolate or cordate perspective when viewed at the substrate and water column interface (Ortmann 1919, p. 329; Van 

der Schalie 1932, p. 104). The ventral margin is slightly rounded in males and nearly straight in females. Females have 

recurved denticles (downward curved tooth-like structures) on the posterior shell margin that aid in holding host fish 

(Barnhart 2008, p. 1). The periostracum (external shell surface) is generally smooth and yellowish or yellowish-green in 

young individuals, becoming darker with age. Green, squarish, triangular, or chevron- shaped marks cover the umbone 

(the inflated area of the shell along the dorsal margin), but become poorly delineated stripes with age. Internally, the left 
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valve has two high, thin, triangular, emarginate pseudocardinal teeth (the front tooth being thinner than the back tooth) 

and two short, strong, slightly curved, and finely striated lateral teeth. The right valve has a high, triangular 

pseudocardinal tooth with a single short, erect, and heavy lateral tooth. The interdentum (a flattened area between the 

pseudocardinal and lateral teeth) is absent, and the beak cavity is wide and deep. The color of the nacre is white, often 

with a silvery luster, and a gray-blue or gray-green tinge in the beak cavity. The soft anatomy was described by Oesch 

(1984, pp. 233–234) and Williams et al. (2008, p. 282). Key characters useful for distinguishing the snuffbox from other 

species include its unique color pattern, shape (especially in females), and high degree of inflation” (USFWS, 2012). 

 

“(The snuffbox) is thought to be a long-term brooder (bradytictic); snuffbox brood glochidia from September to May 

(Ortmann 1912, p. 355; 1919, p. 327). Epioblasma spp. are unique in that they “capture” their hosts. Hosts are attracted 

by a brightly colored mantle in the gaping shell. When a fish investigates, the female snaps her valves shut, trapping the 

hosts’ head and expelling glochidia while holding the host captive (Barnhart et al., 2008). Recent investigations into the 

life history of E. triquetra show that several darter and sculpin species successfully served as hosts. Juvenile snuffbox 

have successfully transformed on logperch (Percina caprodes), blackside darter (P. maculata), rainbow darter (E, 

caeruleum), Iowa darter (E. exile), blackspotted topminnow (Fundulus olivaceous), mottled sculpin (Cottus bairdi), 

banded sculpin (C. carolinae), Ozark sculpin (C. hypselurus), largemouth bass (Micropterus salmoides), and brook 

stickleback (Culaea inconstans) in laboratory tests (Sherman 1994, p. 17; Yeager and Saylor 1995, p. 3; Hillegass and 

Hove 1997, p. 25; Barnhart et al. 1998, p. 34; Hove et al. 2000, p. 30; Mulcrone 2004, pp. 100–103)” (USFWS, 2012). 

 

“The snuffbox is found in small- to medium-sized creeks, to larger rivers, and in lakes (Cummings and Mayer 1992, p. 

162; Parmalee and Bogan 1998, p. 108). The species occurs in swift currents of riffles and shoals and wave- washed 

shores of lakes over gravel and sand with occasional cobble and boulders. Individuals generally burrow deep into the 

substrate, except when spawning or attempting to attract a host (Parmalee and Bogan 1998, p. 108)” (USFWS, 2012). 

 

“The snuffbox historically occurred in 210 streams and lakes in 18 States and 1 Canadian province: Alabama, Arkansas, 

Illinois, Indiana, Iowa, Kansas, Kentucky, Michigan, Minnesota, Mississippi, Missouri, New York, Ohio, Pennsylvania, 

Tennessee, Virginia, West Virginia, and Wisconsin; and Ontario, Canada. The major watersheds of historical streams 

and lakes of occurrence include the upper Great Lakes sub-basin (Lake Michigan drainage), lower Great Lakes sub-basin 

(Lakes Huron, Erie, and Ontario drainages), upper Mississippi River sub- basin, lower Missouri River system, Ohio 

River system, Cumberland River system, Tennessee River system, lower Mississippi River sub-basin, and White River 

system” (USFWS, 2012). 

 

“Extant populations of the snuffbox are known from 79 streams in 14 States and 1 Canadian province: Alabama 

(Tennessee River, Paint Rock River, and Elk River), Arkansas (Buffalo River, Spring River, and Strawberry River), 

Illinois (Kankakee River and Embarras River), Indiana (Pigeon River, Salamonie River, Tippecanoe River, Sugar Creek, 

Buck Creek, Muscatatuck River, and Graham Creek), Kentucky (Tygarts Creek, Kinniconick Creek, Licking River, Slate 

Creek, Middle Fork Kentucky River, Red Bird River, Red River, Rolling Fork Salt River, Green River, and Buck Creek), 
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Michigan (Grand River, Flat River, Maple River, Pine River, Belle River, Clinton River, Huron River, Davis Creek, 

South Ore Creek, and Portage River), Minnesota (Mississippi River, St. Croix River), Missouri (Meramec River, 

Bourbeuse River, St. Francis River, and Black River), Ohio (Grand River, Ohio River, Muskingum River, Walhonding 

River, Killbuck Creek, Olentangy River, Big Darby Creek, Little Darby Creek, Salt Creek, Scioto Brush Creek, South 

Fork Scioto Brush Creek, Little Miami River, and Stillwater River), Pennsylvania (Allegheny River, French Creek, West 

Branch French Creek, Le Boeuf Creek, Woodcock Creek, Muddy Creek, Conneaut Outlet, Little Mahoning Creek, 

Shenango River, and Little Shenango River), Tennessee (Clinch River, Powell River, Elk River, and Duck River), 

Virginia (Clinch River and Powell River), West Virginia (Ohio River, Middle Island Creek, McElroy Creek, Little 

Kanawha River, Hughes River, North Fork Hughes River, and Elk River), and Wisconsin (St. Croix River, Wolf River, 

Embarrass River, Little Wolf River, and Willow Creek); and Ontario, Canada (Ausable River and Sydenham River). It is 

probable that the species persists in some of the 132 streams or lakes where it is now considered extirpated (Butler 2007, 

p. 16); however, if extant, these populations are likely to be small and not viable” (USFWS, 2012).  

 

Epioblasma triquetra is known to occur in the North Fork Hughes River (J. Clayton, WVDNR, pers. comm.). Although 

no individuals were found in the Salvage Zone, density of live unionids within the Salvage Zone exceeded expectations 

based on semi-quantitative samples, suggesting that undetected unionids may be buried deep within the substrate. 

Despite not collecting E. triquetra, based on the density estimated from quantitative samples and suitable unionid 

habitat, E. triquetra could occur in the Project Area and could be impacted during construction and demolition activities. 
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5.0 Effects of Proposed Action 

5.1 Unionid Community 

The proposed project may result in take of federally listed mussel species as defined in federal law and guidance, 

however it would not result in jeopardy to the continued existence or recovery of listed mussel species and take would be 

minimized though conservation measures.  

 

While a USFWS-approved Erosion and Sediment Pollution Control Plan would be developed and implemented, the 

removal of mature vegetation and undergrowth and replacement with smaller plants may lead to a temporary increase in 

erosion and sedimentation along stream banks. 

 

The existing bridge is a single-span truss supported by two wall-type abutments. The piers and abutments for the 

proposed bridge would be located out of ordinary high water, which should avoid the need for cofferdams or dewatering. 

While the proposed three-span bridge would not require in-stream piers, temporary rock causeways for equipment access 

on both banks of the river will be required. The causeways would be constructed such that the center of the channel 

would remain open. The proposed temporary detour bridge associated with this Alternative would require an in-stream 

pier. 

 

Aspects of the project that could directly affect freshwater mussels include: 

 Operation of heavy equipment within the river, which could crush any unionids on the substrate;  

 Construction of causeways in the river, which could bury/crush unionids;  

 Construction and demolition of the temporary detour bridge and the associated in-stream pier, which could 

crush/bury unionids; and 

 Demolition of the existing bridge, which could crush any unionids on the substrate. 

 

The Salvage Zone is 1,037 m2 (11,162 ft2) and extends approximately 35 m (115 ft.) upstream to 10 m (33 ft.) 

downstream of the existing bridge, and includes the demolition footprint of the existing bridge, construction footprint of 

the proposed bridge, construction/demolition footprint of the temporary detour bridge, footprint of temporary rock 

causeways, and 5 m (16 ft.) upstream and riverward and 10 m (33 ft.) downstream buffers. Substrate within the Salvage 

Zone was a heterogonous mix of sand, gravel, cobble, and boulder, but few unionids were collected. Using density 

estimates from the 2015 survey, a maximum estimate of 1,780 individuals could inhabit the Salvage Zone. Epioblasma 

triquetra was not found in the Action Area, and if present, would be at a low frequency. It is also likely less abundant 

than the 2 species found as shells (L. cardium and S. undulatus). Using the regression formula generated from the species 

accumulation curve (y=1.9614ln(x)+0.6164; see Figure 3-2), the 9th live species should be found with the collection of 

72 individuals (frequency of 1.4%). Applying this frequency to the number of unionids expected in the Direct Impact 

Area (105 to 1,780), approximately 1 to 25 E. triquetra might occur in the Direct Impact Area associated with 

Alternative 1B (Table 5-1). As Alternatives 1A and 1B both require a temporary detour bridge and differ only in the 

number of shore-based piers, the number of unionids impacted by these Alternatives are the same (see Table 5-2). 
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Differences between Alternatives 2A and 2B include the number of shore-based piers, but differ from Alternatives 1A 

and 1B in that no temporary detour bridge is required. This reduction in construction footprint, and thus Direct Impact 

Area results in a slight decrease in the number of unionids expected in the Direct Impact Area (80 to 1,345) and the 

number of E. triquetra that may occur in the Direct Impact Area (1 to 19; see Table 5-2). 

 

Aspects of the project that could indirectly affect freshwater mussels include temporary increases in turbidity and 

siltation within the Salvage Zone and Indirect Impact Area during construction and demolition. Water with high levels of 

suspended solids and turbidity can negatively impact mussel populations. The magnitude of the impact resulting from 

sedimentation depends upon the duration of the exposure. Mussels are adapted to short term (acute) events such as spring 

floods. Long term or chronic increases in sedimentation can interfere in growth, feeding, and reproduction (Stansbery, 

1970), decrease water volume pumped by the mussel (Loosanoff and Tommers, 1948) and increase time spent with their 

shells closed (Ellis, 1936). Unionids are filter feeders, drawing in food and oxygen by pumping water across their gills. 

Feeding and respiration becomes less efficient in highly turbid water, requiring extra energy to process the water 

(Aldridge et al., 1987). More energy will be spent on gill clearing and the production of pseudo feces to eliminate 

inedible material. Increases in turbidity can also affect mussel filtration by diluting organic particle concentration with 

suspended inorganic materials, thus reducing the efficiency of feeding and food assimilation (Bartell et al., 2003). The 

energy spent on managing excess sediment is allocated away from growth or reproduction (Marking and Bills, 1979; 

Watters, 1995; Brim Box and Mossa, 1999; Bartell et al., 2003). Juvenile mussels may be particularly sensitive to 

sedimentation. The newly metamorphosed young can be smothered by the deposition of sediment. In addition, interstitial 

spaces between river substrate have been found to be critical habitat for young unionids. Increased sedimentation reduces 

juvenile habitat by clogging interstitial spaces (Brim Box and Mossa, 1999). 

 

The Indirect Impact Area is approximately 1,411 m2 (15,188 ft2) and extends 100 m (328 ft.) downstream of the Salvage 

Zone. Substrate within the Indirect Impact Area generally consisted of a heterogeneous mix of sand, gravel, cobble, and 

boulder. The Indirect Impact Area harbored the majority of unionids collected during the 2015 survey. Density estimates 

from the 2015 survey suggest a minimum of 130 individuals and a maximum of 2,415 individuals occur in the Indirect 

Impact Area and may be affected by increased turbidity and sedimentation associated with construction and demolition 

activities (see Table 5-1). If E. triquetra comprise an estimated 1.4% of the mussel community in the Indirect Impact 

Area, a maximum estimate of 34 E. triquetra individuals may be affected by these secondary impacts. 

 

The primary conservation measure used to minimize effects on unionids will be a systematic relocation of individuals 

within the Salvage Zone. The Salvage Zone offers suitable unionid habitat, and the number of individuals currently 

inhabiting this area is expected to be low. While no relocation effort is capable of removing every individual, a pre-

construction systematic relocation should be sufficient to detect the majority of individuals within the Salvage Zone and 

move them to an area outside of the project’s impacts. As construction is expected to begin during the spring of the 

construction year, unionids would be relocated the previous fall during low-water conditions. A temporary causeway will 

need to be re-constructed to remove the temporary bridge pier during the final phase of the project (days 397 – 422), and 
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since more than 1 year will have passed since the original relocation effort, a second relocation effort from the footprint 

of the causeway will be required prior to causeway re-construction 

 

Relocation of mussels within the Salvage Zone will be accomplished by dividing the area into cells, not to exceed 100 

m2. Initially, each cell will be qualitatively searched at an effort of 0.5 minutes/m2. A second pass will be made through 

each cell at the same search effort, and additional passes will be conducted until 2 or fewer mussels or less than 5% of 

the original number collected are recovered on the final pass. All live individuals recovered from the action area will be 

identified to species, aged (external annuli), measured (length in mm), and sexed (for sexually dimorphic species); 

individuals of endangered species will be assigned a unique identification number (shellfish tag), while individuals of 

common species will receive a colored mark or other non-unique indicator. Recovered individuals will be held in mesh 

collection bags, in flowing water, out of direct sunlight until they can be transported to the Recipient Site; total retention 

time of recovered individuals will not exceed 1 hour, and individuals will be hand-placed into the substrate at a Recipient 

Site. 

 

Prior to the relocation effort, a Recipient Site will be identified. An area upstream of the Salvage Zone that was 

investigated during the initial survey harbors an existing unionid community and will be used to receive non-listed 

individuals. All T&E species collected during the relocation will be transferred to WVDNR and placed at a downstream 

Recipient Site located approximately 2.5 km downstream of the project area currently utilized as a permanent monitoring 

site (J. Clayton, WVDNR, pers. comm.).  

 

The upstream Recipient Site will be delineated through a series of timed qualitative searches. Searches will be 5 minutes 

in duration and will consist of biologists visually searching the stream bottom while fanning and/or disturbing the top 

layer of substrate. The minimum search effort for delineation of the site will be 1 person-hour, and searches will continue 

until at least 6 samples are collected with no additional species. The extent of the site will be recorded with GPS. All live 

individuals collected during delineation searches will be identified to species and classified as adult or juvenile. Data 

from delineation searches will be used to create a species richness curve. In addition to timed qualitative searches, a 

minimum of 20, 0.25 m2 whole-substrate quantitative samples (quadrats) will be excavated to estimate density of 

mussels within the newly delineated concentration. All live individuals collected in quantitative samples will be 

identified to species, aged (external annuli), measured (length in mm), and sexed (for sexually dimorphic species). 

 

If this site contains similar or better habitat than the Salvage Zone, harbors a similar unionid community, and can accept 

individuals relocated from the Salvage Zone without increasing density by more than 25%, this area will be utilized as a 

Recipient Site. Non-listed unionid species will be hand-placed evenly throughout the Recipient Site. 

 

Relocation efforts prior to the temporary causeway re-construction will follow the above methods and will be 

coordinated with WVDNR and USFWS. Unionids will be removed from the footprint of the causeway with a 5 m 

upstream buffer and 10 m downstream buffer. 
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Recolonization will be assessed through monitoring of the Salvage Zone 1, 3, and 5 years post-construction. To 

determine effects of bridge construction and unionid recolonization within the Salvage Zone, 4-10 m x 10 m cells will be 

selected within the Salvage Zone and will be delineated based on the cells used for the initial relocation. Within each 

cell, 10-0.25 m2 quantitative quadrat samples will be excavated to determine density, species composition, and to 

increase probability of finding juvenile (≤5 years old) unionids that may have recolonized the area. Quantitative samples 

will be distributed within each cell based on a three random start methodology, and each sample will be excavated to a 

depth of approximately 15 cm. All live unionids will be measured (length in mm) and aged (external annuli count). Fresh 

dead shells (with or without tissue, nacre shiny, valves still intact, periostracum present; likely dead less than one year) 

will be counted and noted as juveniles (≤5 years old) or adults (> 5 years old). Weathered dead shells (no tissue, nacre 

chalky, valves may or may not be intact, periostracum present; likely dead more than one year) and subfossil shells 

(entire shell chalky, valves not intact, no periostracum; dead many years to decades) will be noted as present. Live 

unionids will be returned to the river near their collection point. At each sample point, a GPS position will be recorded 

and depth (m) and substrate composition (visual and tactile estimate by diver) will be recorded. In addition, each cell will 

be qualitatively searched by 12, 5-minute qualitative spot dives to determine species composition and increase the 

probability of collecting all species present within each cell. At the conclusion of each sample, live unionids will be 

identified to species, identified as juveniles or adults, and counted. Fresh dead, weathered dead, and subfossil shells will 

be treated as in quantitative samples. Live unionids will be returned to the river near their collection point. A GPS 

position, depth, and substrate composition will be recorded at the start of each sample. At least one individual of each 

species will be photographed. This effort will be repeated during the 3 and 5 year monitoring events to compare density, 

catch per unit effort (CPUE), and species composition to document recolonization of the Salvage Zone. 

 

5.2 Cumulative Effects 

Non-federal actions that may reasonably be expected to occur within the North Fork Hughes River watershed during the 

lifespan of the proposed bridge may include commercial, residential, and industrial development. As the existing bridge 

is structurally deficient and restricts truck traffic, the proposed bridge, which will meet current design standards, may 

attract heavier vehicle traffic, and thus, development within the watershed. While the existing bridge may limit the types 

of trucks and materials being transported, it is not a current barrier to oil and gas development within the region and the 

construction of the proposed bridge should not result in a significant increase in these activities. Natural gas exploration 

and extraction currently exists within this part of West Virginia, and future natural gas development may occur in the 

North Fork Hughes River watershed. 
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6.0 Conclusion and Determination of Effects 

The proposed project may result in “take” of federally listed mussel species as defined in federal law and guidance, 

however it would not result in jeopardy to the continued existence or recovery of listed mussel species and “take” would 

be minimized though conservation measures. 

 

6.1 Snuffbox (Epioblasma triquetra) 

During a 2015 pre-project survey, density of live unionids within the Salvage Zone exceeded expectations based on 

semi-quantitative samples, suggesting that undetected unionids may be buried deep within the substrate throughout the 

Direct Impact Area and Indirect Impact Area. Despite not collecting E. triquetra, based on the density estimated from 

quantitative samples and suitable unionid habitat, E. triquetra could occur in the Direct Impact Area. 

 

While the Indirect Impact Area harbors a moderately dense unionid concentration that may include E. triquetra, indirect 

impacts associated with construction and demolition activities would be restricted to temporary (acute) increases in 

turbidity and sedimentation. These should not exceed conditions experienced during the normal hydrological cycle and 

would be minimized by restricting construction and demolition activities to low flow conditions. However, E. triquetra 

feeding could be reduced during temporary increases in sedimentation and/or turbidity resulting in “harassment”. Up to 

34 E. triquetra could occur in Indirect Impact Areas and be “harassed” during the demolition process. 

 

The Salvage Zone harbors similar habitat and a similar unionid community to that of the Indirect Impact Area. Using 

density estimates from the 2015 survey, a maximum estimate of 1,780 unionids may inhabit the Salvage Zone associated 

with Alternative 1B. If E. triquetra comprises 1.4% of the unionid community, ≤25 E. triquetra individuals may be 

directly affected by bridge replacement.  

 

The current conservation measures (erosion and sediment control and relocation of unionids prior to construction) should 

reduce negative effects to this species from bridge construction activity. The overall “take” of E. triquetra from direct 

and indirect effects should not exceed 59 individuals. 
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Figure 1-1. Action Area at Cairo Bridge crossing, Ritchie 
County, WV
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Figure 2-1. Construction alternatives and respective Direct 
Impact Areas for Cairo Bridge crossing, Ritchie County, WV.
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Figure 2-3. Direct and Indirect Impact Areas, Alternative 1B, 
Cairo Bridge crossing, Ritchie County, WV.
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Figure 3-1. Direct and Indirect Impact Areas, Alternative 1B,
in relation to 2015 Survey Areas, Cairo Bridge crossing,

Ritchie County, WV.
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Figure 3-3. Live unionids collected in Direct and Indirect Impact
Areas, Alternative 1B, during the 2015 survey, Cairo Bridge 

crossing, Ritchie County, WV.
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Figure 3-4. Depths in Direct and Indirect Impact Areas, Alternative
1B, during the 2015 survey, Cairo Bridge crossing, Ritchie 

County, WV.
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Figure 3-5. Substrate in Direct and Indirect Impact Areas, 
Alternative1B, during the 2015 survey, Cairo Bridge crossing, 

Ritchie County, WV.
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Table 3-1. Unionid species reported from the North Fork Hughes River, West Virginia

Jenkinson ESI
Miller and 

Payne ESI WVDNR ESI
Species Status1 19782 1993 2000 2001 20123 2015

Amblemini
Amblema plicata − x x − x x

Pleurobemini
Elliptio crassidens − − x − − −
Elliptio dilatata x x x x x x
Fusconaia flava x x x − x x
Fusconaia subrotunda − FD x WD x −
Pleurobema sintoxia − x x − − −

Quadrulini
Quadrula p. pustulosa − x − − x −
Quadrula quadrula − x x − x −
Tritogonia verrucosa − x x − x x

Lampsilini
Actinonaias ligamentina − − − − x −
Epioblasma triquetra FE − x x FD x −
Lampsilis cardium x x x WD x WD
Lampsilis siliquoidea x x x x x x
Leptodea fragilis − x x WD x −
Obovaria subrotunda x x x WD x x
Potamilus alatus − x x x x −
Ptychobranchus fasciolaris x x x − x x
Toxolasma parvus − FD x − − −
Villosa iris x x x − − x

Anodontini
Anodontoides ferussacianus − x − − − −
Lasmigona c. complanata − − − − x −
Lasmigona costata x x x WD x −
Pyganodon grandis x x − − x −
Simpsonaias ambigua x − − − − −
Strophitus undulatus x x x − x WD
Utterbackia imbecillis − x − − − −

No. Species 11 22 19 9 19 10
No. Live Species 11 20 19 3 19 8

X = Live, FD = Fresh Dead, WD = Weathered Dead
1FE = Federally Endangered (USFWS, 2017)
2Ohio State Museum:1978:002
3J. Clayton,WVDNR, pers. comm., 2015
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Direct Impact Area Indirect Impact Area
Tribe Species No. Live No. Live

Amblemini Amblema plicata 2 5

Pleurobemini Fusconaia flava - 9

Quadrulini Tritogonia verrucosa - 2

Lampsilini Lampsilis siliquoidea 1 3
Obovaria subrotunda - 3
Ptychobranchus fasciolaris 1 3
Villosa iris - 2

No. Live 4 27
No. Live Species 3 7

Table 3-3. Individuals collected from Direct and Indirect Impact Area during 2015 survey, Cairo Bridge, North 
Fork Hughes River.
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Alternatives 1A, 1B, and 3
Direct Impact Area (Salvage Zone): 1037 m2

Indirect Impact Area: 1411 m2

Alternatives 2A and 2B
Direct Impact Area (Salvage Zone): 780 m2

Indirect Impact Area: 1411 m2

2015 Total Estimated Density: 0.89 ± 0.81 unionids / m2

Minimum Density: 0.08 unionids / m2

Maximum Density: 1.70 unionids / m2

Tribe Species

Relative 
Abundance 

(%)
in 2015 
Survey

Number of 
Individuals 
Impacted
Minimum 
Estimate1

Number of 
Individuals 
Impacted
Maximum 
Estimate2

Number of 
Individuals 
Impacted
Minimum 
Estimate3

Number of 
Individuals 
Impacted
Maximum 
Estimate4

Alternatives 1A, 1B, and 3
Amblemini Amblema plicata 22.4 20 395 30 540
Pleurobemini Elliptio dilatata 4.1 5 75 5 100

Fusconaia flava 28.6 25 505 35 690
Quadrulini Tritogonia verrucosa 6.1 10 110 10 150
Lampsilini Lampsilis siliquoidea 12.2 15 220 15 295

Obovaria subrotunda 10.2 10 180 15 245
Ptychobranchus fasciolaris 12.2 15 220 15 295
Villosa iris 4.1 5 75 5 100

Total 105 1780 130 2415

Lampsilini Epioblasma triquetra 1.4 5 1 25 2 34
Alternatives 2A and 2B
Amblemini Amblema plicata 22.4 15 300 30 540
Pleurobemini Elliptio dilatata 4.1 5 55 5 100

Fusconaia flava 28.6 20 380 35 690
Quadrulini Tritogonia verrucosa 6.1 5 85 10 150
Lampsilini Lampsilis siliquoidea 12.2 10 165 15 295

Obovaria subrotunda 10.2 10 140 15 245
Ptychobranchus fasciolaris 12.2 10 165 15 295
Villosa iris 4.1 5 55 5 100

Total 80 1345 130 2415

Lampsilini Epioblasma triquetra 1.4 5 1 19 2 34
1Direct Impact Area in m2 x Minimum Density Estimate x Relative Abundance (rounded up to the nearest 5)
2Direct Impact Area in m2 x Maximum Density Estimate x Relative Abundance (rounded up to the nearest 5)
3Indirect Impact Area in m2 x Minimum Density Estimate x Relative Abundance (rounded up to the nearest 5)
4Indirect Impact Area in m2 x Maximum Density Estimate x Relative Abundance (rounded up to the nearest 5)
5Estimated from species accumulation curve regression y=1.9614ln(x)+0.6164 (rounded to the nearest 5)

Table 5-2. Comparison of Direct and Indirect Impact Area inhabitants impacted by Cairo Bridge project by 
Alternative, based on 2015 survey results.

Direct Impact Area Indirect Impact Area
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Appendix A. Construction Plans. 
  









Notice that this 
alternative has a temp 
pier in the river so a 
causeway will be 
needed to get to this 
pier to construct it.
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Appendix B. Unionid survey effort at Cairo Bridge, North Fork Hughes River, August 2015. 

 



Appendix B. Unionid survey effort at Cairo Bridge, North Fork Hughes River, August 2015.

Area1 No. Area (m2) Total (m2) No. Area (m2)

US Buffer 9 60 - 100 900  -  - 

ADI 25 40 - 100 2080 18 4.5

DS Buffer 17 60 - 80 1370  -  - 

Total 51 40 - 100 4350 18 4.5
1US=Upstream, ADI=Area of direct impact, DS=Downstream

Semi-quantitative Cells Quantitative












































































































