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Abstract 

 The cylindrical papershell (Anodontoides ferussacianus) is a fast-growing, short-lived 

freshwater mussel that occurs throughout the northeastern United States and southeastern Canada 

but appears to be declining in portions of its range.  Its distribution in Kansas, once 

encompassing most of the Kansas and Missouri river basins, has contracted to the upper Saline 

and Smoky Hill rivers in the west-central portion of the state.  Drought conditions, derived from 

low precipitation and dewatering, continue to affect the region’s aquatic biodiversity.  

Freshwater mussel assemblages in this region exhibited relatively low diversity and few studies 

have been conducted to assess these populations.   

 Nineteen sites were qualitatively surveyed for freshwater mussels on both the Saline and 

Smoky Hill rivers.  Densities of all mussel species were highest on the Smoky Hill River.  

Twenty-eight live mussels were collected on the Saline River; eight of these were A. 

ferussacianus.  Five-hundred-three live mussels were collected on the Smoky Hill River, 12 of 

which were A. ferussacianus.   

 Quantitative surveys were conducted on sites with high relative abundances of A. 

ferussacianus.  Densities of 0.013 m
-2

 and 0.025 m
-2

 were observed in the Saline and Smoky Hill 

rivers, respectively.  The majority of A. ferussacianus were collected in fine to coarse gravel 

substrates in run habitats near riffles, beaver dams, and lowhead dams.  However, the paucity of 

encounters precluded attempts to quantify habitat associations.  Recruitment, as judged by length 

frequencies, was low in both rivers.  No juvenile A. ferussacianus were collected in the Saline 

River, while three juveniles were collected in the Smoky Hill River. 
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Introduction 

North America is home to approximately 300 species of freshwater mussels (Williams et 

al. 1993, Baillie et al. 2004).  The conservation status of this group is alarming, because 

approximately 72% of the species are considered endangered, threatened, or of conservation 

concern (Williams et al. 1993, Master et al. 2000) and  41% occurred on the International Union 

for the Conservation of Nature red list in 2004 (Baillie et al. 2004). 

Various factors have been implicated in the decline of freshwater mussels in North 

America, including impoundments, overharvesting , changes in land use, and zebra mussel 

invasion.  Many mussel species live and reproduce in riffle habitats, which are lost through 

inundation by impoundments (Ricciardi et al. 1998, Dean et al. 2002, Watters and Flaute 2010).    

Changes in land use are in part responsible for high levels of nutrient loading, which indirectly 

lowers dissolved oxygen concentrations and increases siltation of the streambed.  In western 

Kansas in particular, dewatering and the associated habitat loss threaten the continued survival of 

these species (Angelo et al. 2009).  Finally, freshwater mussels have exhibited marked declines 

following the introduction of zebra mussels (Watters and Flaute 2010).  Zebra mussels 

outcompete native species and consume gametes as a result of their high filtration rates and 

juxtaposition (Ricciard et al. 1998, Watters and Flaute 2010). 

The alarming conservation status of the majority of freshwater mussel species has been 

the impetus for numerous recent research projects.  As a result, knowledge of the life history, 

ecology, and spatial distribution of this group of animals has improved considerably (Strayer et 

al. 2004).  Conservation actions such as The Clean Water Act and the Ground Water Act in 

Kansas have improved water quality and slowed groundwater declines (Sophocleous 2000, 
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Strayer et al. 2004).  In addition, riparian buffers and other forms of mitigation for intensive 

agriculture have improved stream conditions in some areas (Devlin 2000).  Regulations on 

mussel harvest also have resulted in increased mussel densities and recruitment within mussel 

sanctuaries on the Verdigris River (Miller and Lynott 2006, Angelo et al. 2009).  With improved 

stream quality, contemporary propagation and reintroduction techniques have resulted in 

successful population enhancements in previously declining mussel populations (Jones et al. 

2005, Neves et al. 2008).  Accordingly, conservation and recovery become viable with adequate 

natural history information.  This fundamental research is needed for many species of freshwater 

mussels. 

The cylindrical papershell (Anodontoides ferussacianus) occurs throughout the north-

central United States and southern Canada.  Kansas represents the southwestern-most edge of the 

species’ range.  The species inhabits headwater streams with fine to coarse gravel substrate and 

reproduces in the early summer months but retains glochidia until the following May (Freeman 

and Perkins 1992, Watters et al. 2009).  The reproductive strategy of A. ferussacianus includes 

the release of glochidia-filled mucus strands that entangle host fish, which in turn provide the 

attached glochidia with nutrients prior to their release (Hove et al. 1995, Watters 1995, Watters 

2008).  Possible host fish for this region include white sucker (Catostomus commersoni), 

largemouth bass (Micropterus salmoides), fathead minnow (Pimephales promelas), bluntnose 

minnow (P. notatus), black crappie (Pomoxis nigromaculatus), and bluegill (Lepomis 

macrochirus) (Fuller 1978, Hove et al. 1995, Watters 1995, Hove et al. 1997). 

Anodontoides ferussacianus is a fast-growing, small- to medium-sized mussel that rarely 

lives more than seven years (Watters et al. 2009).  Valve morphology can vary but most 

individuals are elongated and inflated.  Young individuals generally have a green, tan, or 
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yellowish epidermis.  Older individuals are usually light to dark brown.  Most live individuals 

have green rays radiating from the hinge-line.  A diagnostic feature of A. ferussacianus is the 

concentric loop sculpture on the umbo (Watters et al. 2009).  Similar mussel species sympatric 

with A. ferussacianus in western Kansas include giant floater (Pyganodon grandis), fragile 

papershell (Leptodea fragilis), pink papershell (Potamilus ohiensis), and paper pondshell 

(Utterbackia imbecillis).  Pyganodon grandis grows much larger than A. ferussacianus and has 

double loop markings on the medial surface of the umbo.  Leptodea fragilis and P. ohiensis have 

small pseudocardinal and lateral teeth and a defined dorsal wing, and they are laterally 

compressed compared to A. ferussacianus, which lacks teeth and has a terete, inflated form.  

Utterbackia imbecillis has a flattened umbo that is flush with the dorsal hinge, whereas A. 

ferussacianus has a distinctly raised umbo.  

Historically, A. ferussacianus was present in much of the Kansas, Missouri, Republican, 

Smoky Hill-Saline, and Solomon river drainages in Kansas (Murray and Leonard 1962), but 

recent studies suggest that they are restricted to the Smoky Hill-Saline drainage.  Recently, only 

weathered and subfossil valves have been collected from the Big Blue River and its tributaries 

(Obermeyer 1996, Bergman 1998, Hoke 2005).  No live or fresh-dead valves have been taken 

from the Solomon River in recent years (Obermeyer 1996, Hoke 1997, Bergman 1998).  In 1990, 

Hoke (1997) collected live A. ferussacianus in two tributaries to the Republican River in 

southwestern Nebraska but no live or fresh-dead valves have been taken from this river or its 

tributaries in Kansas in recent years (Obermeyer 1996, Bergman 1998).   In 1998, one weathered 

valve was collected on the Wolf River in northeastern Kansas, a tributary to the Missouri River 

(KDWPT unpublished data).  There have been no recent collections of A. ferussacianus in the 

Marais Des Cynges basin (KDWPT unpublished data).   
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Hoke (1997) described A. ferussacianus as one of the most common bivalves in the 

Smoky Hill River in Trego, Ellis, and Russell counties in the early 1980s.  Recent populations 

are represented by two live specimens collected in the Smoky Hill and Saline rivers in the late 

1990s (Obermeyer 1996, Bergman 1998).  The notable decline of A. ferussacianus in Kansas has 

led to the species being listed as a “Species in Need of Conservation” by the Kansas Department 

of Wildlife, Parks, and Tourism (KDWPT).  The population status of A. ferussacianus in Kansas, 

based on two live specimens, is uncertain and perhaps dire.  

The “Kansas Comprehensive Wildlife Conservation Plan” was designed to create 

strategies that focus on the “species in greatest need of conservation” (Wasson et al. 2005).  The 

strategy’s goal is to keep common species common and to discontinue the steady decline of 

biodiversity in the state (Wasson et al. 2005).  Mussel assemblages in some Kansas streams 

contain all or most of the previously documented species.  This is not true in western Kansas 

streams, where many mussel species are now extirpated (Bergmann 1998).  

The objective of this study was to evaluate the conservation status of A. ferussacianus by 

1) estimating the population size in the Smoky Hill and Saline rivers, 2) describing the habitat, 

and 3) estimating recruitment through the use of length-frequency distributions.   

Methods 

Study Site: In Kansas, extant populations of A. ferussacianus are restricted to portions of 

the Smoky Hill and Saline rivers in Ellis and Russell counties (Figure 1).  The Smoky Hill and 

Saline rivers flow in an easterly direction across western Kansas before joining and becoming a 

tributary to the Kansas River.  These rivers are increasingly intermittent west of Ellis County.  

Cedar Bluff and Kanopolis reservoirs are the only reservoirs on the Smoky Hill River.  Cedar 

Bluff Reservoir is just upstream of Ellis County, and Kanopolis Reservoir is just downstream of 
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Russell County.  Wilson Reservoir is located in Russell County and is the only reservoir on the 

Saline River.  Several low-water structures are present in both rivers.  Landuse in the watershed 

is a mixture of grassland (51.0%), row-crop agriculture (47.0%), and woodland (1.1%) (Kansas 

Data Access and Support Center landcover data 2008: Figure 2).  In Ellis and Russell counties, 

the Smoky Hill and Saline rivers are shallow, low-flow streams with irregular high-flow events.  

Their substrates are composed primarily of sand and gravel.   

Qualitative Protocol: Sample locations were selected based on available access and 

proximity to historical observations of live specimens (Obermeyer 1996, Bergman 1998).  Timed 

searches for mussels were conducted at each site and encompassed all wadeable macrohabitats.  

Live mussels and empty valves were collected and placed in mesh bags.  Valves were identified 

to species, and post-mortem condition (e.g., fresh-dead, weathered, or relic) was recorded.  

Valves of A. ferussacianus and U. imbecillis were collected as voucher specimens and are 

housed at the Sternberg Museum of Natural History, Fort Hays State University, Hays, Kansas.  

Live mussels, excluding A. ferussacianus, were identified to species, counted, and returned to the 

location where they were collected.  Live A. ferussacianus were measured (length, width, and 

height) to the nearest 1 mm and tagged with a numbered polyethylene tag.  Tags were attached 

with Loctite liquid Super Glue© posterior to the umbo.  Individuals were released to their 

original locations within the stream.  Water depth and substrate were recorded at all observed A. 

ferussacianus locations.  Relative abundance as catch-per-person-hour (catch per unit of effort, 

CPUE), species richness, and Simpson’s index of diversity were calculated for every site.   

Quantitative Protocol) Sample locations were selected based on relative abundance of A. 

ferussacianus and overall diversity of live mussels as determined from qualitative samples.  Two 

sites on the Saline River (SR-8 and SR-16) and three sites on the Smoky Hill River (SH-11, SH-
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12, and SH-17) were surveyed.  At each location, average stream width was calculated from 10 

wetted-width measurements at 10-m intervals.  The average width was divided into 1000 to 

determine the site length, which yielded a 1000-m
2
 grid encompassing the site.  A random 

number generator was used to select forty 1-m
2
 quadrats within the site.  Water depth, substrate, 

and surface flow were measured at each quadrat.  Substrate was removed from each quadrat by 

hand to a depth of 10 cm and placed in a 5-mm wire-mesh sieve.  Materials in the sieve were 

examined and all live mussels were removed.  Live mussels were identified to species and 

measured (length, width, and height) to the nearest 1 mm and returned to the substrate.  

Anodontoides ferussacianus individuals were tagged following methods described in the 

qualitative protocol.  Within-site population density and juvenile presence were determined.  A 

chi-square test of independence was used to evaluate substrate associations among mussel 

species within the Saline and Smoky Hill rivers. 

Additionally, untimed searches were conducted at quantitative site locations targeting 

previously tagged individuals.  Recaptured A. ferussacianus were measured (length, width, and 

height) to the nearest 1 mm using calipers and returned to the point of capture.  Recaptured 

individuals provided estimates of growth between capture events.  Length frequencies from all 

collected A. ferussacianus were used to estimate recruitment. 

Quantitative site locations were seined with a 4.5-m straight seine with 3-mm mesh. 

Presence of host fish was recorded and species were ranked according to their abundance. 

 

Results 

Qualitative Survey: Nineteen sites from western Ellis County to eastern Russell County 

were qualitatively surveyed on each river from April 2011 to August 2011 (Appendix 1, Figure 
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1).  Valves representing five species (A. ferussacianus, L. fragilis, P. ohiensis, Quadrula 

quadrula, and P. grandis) were collected on the Saline River.  Pyganodon grandis was 

represented only by dead valves.  Twenty-eight live individuals were collected during 50.25 

search hours (Table 1).  Quadrula quadrula and A. ferussacianus were the most frequently 

collected species and comprised 57.1% and 28.6%, respectively, of all mussels collected.  Catch-

per-person-hour of live mussels ranged from 0.00 to 2.50, resulting in a mean of 0.56 in the 

Saline River.  Simpson’s Index of Diversity for the Saline River mussels was 0.60. 

Valves of nine species (A. ferussacianus, L. fragilis, P. ohiensis, Q. quadrula, P. grandis, 

U. imbecillis, Toxolasma parvus, Ligumia subrostrata, and Uniomerus tetralasmus) were 

collected in the Smoky Hill River.  Toxolasma parvus, L. subrostrata, and U. tetralasmus were 

represented only by dead valves.  Five-hundred-three live individuals were collected during 

66.47 search hours (Table 2).  Quadrula quadrula represented 86.9% of all mussels collected.  

Catch-per-unit-effort of live mussels ranged from 0.00 to 20.50, resulting in a mean of 7.57.  

Simpson’s Index of Diversity for the Smoky Hill River mussels was 0.24. 

Anodontoides ferussacianus represented 28.6% and 2.4% of the live mussels collected in 

the Saline River and Smoky Hill River, respectively.  Anodontoides ferussacianus total CPUE 

was 0.16 and 0.18 at the Saline River and Smoky Hill River, respectively.  The greatest numbers 

of live A. ferussacianus, three individuals each, were collected at sites SR-16, SH-12, and SH-17 

near human-made or beaver-constructed dams (Figure 1, Tables 1 and 2). 

 Quantitative Survey: Two sites (SR-8 and SR-16) were surveyed on the Saline River.  

Eight live mussels representing two species (A. ferussacianus and Q. quadrula) were collected in 

80 sample quadrats (Table 3).  One live A. ferussacianus (0.013 m
-2

) and seven Q. quadrula 

(0.088 m
-2

) were collected. 
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 Three sites (SH-11, SH-12, and SH-17) were surveyed on the Smoky Hill River.  One-

hundred-twenty live valves representing six species (A. ferussacianus, L. fragilis, P. ohiensis, P. 

grandis, Q. quadrula, and T. parvus) were collected in 120 sample quadrats (Table 4).  Leptodea 

fragilis was collected at the highest density (0.54 m
-2

), and T. parvus was collected at the lowest 

density (0.017m
-2

).  Anodontoides ferussacianus was collected at a density of 0.025 m
-2

. 

 Habitat: Substrate sizes in each river were not evenly distributed.  In the Saline River, 

substrate composition was 72.5% sand, 15% fine gravel, 8.8% coarse gravel, 2.5% fine material, 

and 1.3% bedrock.  The Smoky Hill River had more heterogeneous substrates than the Saline 

River with 39.1% fine gravel, 30% sand, 15% coarse gravel, 8.3% fine, and 7.5% cobble.   

Combined live mussels of all species were not evenly distributed among substrates in 

either river (Saline River: χ
2
 = 18.9, df = 4, p < 0.05; Smoky Hill River: χ

2
 = 46.2, df = 4, p < 

0.05).  More mussels were collected in coarse and fine gravel substrates in the Saline River, and 

the majority of mussels in the Smoky Hill River were collected in fine gravel.  The sample size 

of A. ferussacianus was insufficient to quantify specific substrate associations.   

Survey Summary: Twenty-six live A. ferussacianus were collected from April to August 

2011.  Twenty were collected during qualitative surveys; 8 in the Saline River and 12 in the 

Smoky Hill River.  Four were collected during quantitative surveys, only one from the Saline 

River and three from the Smoky Hill River.  An individual from each river (total of two) was 

collected as the result of additional searches for marked individuals. 

 Anodontoides ferussacianus from the Saline River were collected from a variety of 

substrates.  Although sand was the most abundant substrate, individuals were observed in sand, 

fine gravel, and coarse gravel.  Of 10 individuals collected, 5 were collected in sand, 3 in fine 

gravel, and 2 in coarse gravel.  Four A. ferussacianus were collected in run habitats downstream 
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of a low-head dam, and three in runs downstream of riffle habitats.  Individuals were collected in 

run habitats at depths of 0.15 to 0.35 m. 

 Anodontoides ferussacianus collected from the Saline River were represented by larger 

individuals (Figure 3).  No juveniles were collected.  Length frequency consisted of 10 

individuals from 61 to 85 mm in length. 

 Individuals of A. ferussacianus in the Smoky Hill River also were collected from a 

variety of substrates.  The substrate composition was more heterogeneous compared to the Saline 

River, and only one A. ferussacianus was collected from sand substrates.  Eleven individuals 

were collected in fine gravel and four were inhabitants of coarse gravel and cobble.  All were 

collected at depths ranging from of 0.05 to 0.35 m.  At site SH-12, four A. ferussacianus 

individuals were collected immediately upstream and downstream of a series of beaver dams in 

the narrow channels of run habitat.  In addition, two juveniles were collected within the beaver 

pools. 

 Anodontoides ferussacianus collected from the Smoky Hill River represented a wider 

range of lengths than those observed in the Saline River (Figure 4).  Three juveniles from 35 to 

43 mm and 13 adults from 68 to 90 mm were collected. 

 Putative host fish for A. ferussacianus were present at all sites within both rivers (Table 

5).  Red shiner (Cyprinella lutrensis) and sand shiner (Notropis stramineus) were consistently the 

most abundant fish at each site in both rivers.  Bluntnose minnow (Pimephales notatus) and 

fathead minnow (Pimephales promelas), both host species, ranked between third and sixth most 

abundant species at all sites.  A greater number of host species were collected in the Smoky Hill 

River (4) than the Saline River (2).  Largemouth bass (Micropterus salmoides) and bluegill 
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(Lepomis macrochirus), both host species, were present in low abundances at sites SH-11 and 

SH-12, respectively. 

 

Discussion 

During this survey, more species were documented in the Ellis and Russell county 

reaches of the Saline and Smoky Hill rivers than in previous surveys (Obermeyer 1996, Hoke 

1997, Bergman 1998) (Table 6).  This might be the result of the density of survey sites in the two 

counties.  The number and range of collection sites with live A. ferussacianus in the Saline River 

was greater than previously documented by Obermeyer (1996), Hoke (1997), and Bergman 

(1998).  The range of collection sites with live A. ferussacianus in the Smoky Hill River was 

similar to previous surveys.  However, Hoke (1997) reported that A. ferussacianus was one of 

the most abundant mussels in the Smoky Hill River in Trego, Ellis, and Russell counties in the 

early 1980s.  This is not consistent with our findings, in which A. ferussacianus was one of the 

least abundant mussels in these basins and indicates a marked decline in abundance of this 

species over the last 30 years. 

 Live mussel diversity was greater on the Saline River (0.60 versus 0.24); however, 

species richness was higher within the Smoky Hill River (7 versus 5).  More mussels were 

collected in the Smoky Hill River, but the stream was dominated by Q. quadrula (86.9%).  

Relative abundances and densities, were higher in the Smoky Hill River, and the stream 

contained larger mussel aggregations.  No mussel aggregations were encountered within the 

Saline River.  The deep, shifting sand of the Saline River might be unsuitable for stable 

aggregations of freshwater mussels. 
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Anodontoides ferussacianus occurred at low densities and relative abundances, 

representing 27.0% and 2.6% of the mussel fauna of the Saline River and Smoky Hill River, 

respectively.  No aggregations of A. ferussacianus were observed during the project; however, 

the higher relative abundance on the Saline River might indicate a greater tolerance for this 

dynamic benthic environment. 

Concurrent with this study, other surveys across the range of A. ferussacianus have 

yielded low relative abundances of the species.  Strayer and Fetterman (1999) documented low 

relative abundances in the Susquehanna River basin in New York.  Metcalfe-Smith et al. (2003) 

documented low relative abundances of the species in the Sydenham River in Ontario.  Mohler et 

al. (2006) reported low relative abundances of A. ferussacianus in Muddy Creek, Pennsylvania; 

it was one of the three rarest species within the stream reach.  In Ohio, Lyons et al. (2007) 

documented low relative abundances in the Black River.  Although common in some Lake Erie 

tributaries, Krebs et al. (2010a and 2010b) collected low relative abundances of A. ferussacianus 

within the Chagrin, Vermilion, and Huron rivers of Ohio. 

Too few A. ferussacianus were collected during our quantitative surveys to discern 

habitat associations; however, the species was collected most often in run habitats near barriers, 

such as dams and riffles.  The areas upstream of these structures might create host fish 

aggregations and are the only available habitat during severe droughts, which might explain the 

higher frequency of A. ferussacianus collections in these habitats. 

All A. ferussacianus collected in the Saline River were greater than 60 mm. The lack of 

observations in smaller size classes suggests minimal recruitment in recent years.   

Individuals in the Smoky Hill River had a wider length distribution than those within the 

Saline River.  Three juveniles less than 45 mm were collected within site SH-12 west of Pfeifer, 
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KS.  Recent recruitment is apparently low in the Smoky Hill River.  These juveniles were 

collected during the quantitative surveys and emphasize the necessity of using a sieve to detect 

smaller individuals.  Recruitment of A. ferussacianus in both rivers was consistent with the 

respective low abundances.  

Two individuals recaptured in the Smoky Hill River provided the only estimates of 

growth within the basin.  During the peak of the growing season, these individuals grew 10 and 

11 mm in 66 and 67 days, respectively (June 2011 to August 2011). 

Given the life history, rapid growth and short lifespan, recruitment of juveniles into the 

adult population typically might be rapid and result in high turnover rates.  However, reduced or 

no recruitment in just a few years could result in a rapid population decline in this short-lived 

species.  A similar decline in recruitment would be less detrimental within the same timeframe  

in a longer-lived species that have been the target of recovery efforts.   

Executive Summary 

Drought conditions prevailed within the Saline and Smoky Hill river basins for much of 

the study period (Figures 6 and 7).  Discharges of 0 cfs were common in the upstream Smoky 

Hill River sites.  These sites, generally upstream of the town of Pfeifer, were not devoid of water 

but it was restricted to pool habitats of low flows.  Cedar Bluff Reservoir, located on the Smoky 

Hill River in Trego County, restricts flows downstream of the dam beyond the influence of 

seepage from the reservoir.  A lowhead dam at Pfeifer maintains low flows downstream. 

 The relative abundances and densities of A. ferussacianus were low in both rivers.  

Abundances and densities of all mussel species were low within the Saline River.  Accordingly, 

support for reintroduction efforts for A. ferussacianus within this river, under the current flow 

regime, is tenuous based on these data. 
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 The greatest numbers of A. ferussacianus were collected at site SH-17 approximately 

five miles west of Pfeifer.  This upstream reach, although suitable for A. ferussacianus, is subject 

to dewatering (Hays, Kansas Municipal Water Well Field).  Therefore, this population might rely 

on beaver pools and other pool habitats within this stream reach for adequate water.  Based on 

the USGS gauging station at Highway 183 Bridge on the Smoky Hill River, reliable water 

conditions and stable substrates exist from just downstream of the dam at Pfeifer, to the 

confluence of Big Creek in southwestern Russell County.  Downstream of the confluence, the 

substrate of the Smoky Hill River becomes more homogeneous and similar to the Saline River;  

instream flows and depths also increase.  The last documentation of live A. ferussacianus 

downstream of the Big Creek confluence was in 1983 (Hoke 1997).  Since then, efforts by 

Bergman (1998) and Angelo et al. (2009) failed to document recent evidence of A. ferussacianus 

in this stream reach. We sampled one site downstream of the confluence with Big Creek and 

similarly did not encounter the species.   

Anodontoides ferussacianus is in decline throughout portions of its range.  The range of 

A. ferussacianus has contracted markedly in Kansas and appears to be restricted to the upper 

reaches of the Saline and Smoky Hill rivers.  The area of occurrence and relative abundance of 

the species have declined markedly in the Smoky Hill River in the last 30 years.  The only recent 

reproduction was documented at one site in the Smoky Hill River.  Given the short lifespan of A. 

ferussacianus, minimal to no recruitment increases the risk of localized extinction.  Accordingly, 

these natural constraints on life history coupled with anthropogenic effects that marginalize 

habitat quality and quantity, warrant a downgrade in conservation status to “Endangered 

Species” in Kansas. 
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Three actions could be taken that would potentially reverse the decline of A. 

ferussacianus in the Smoky Hill River.  1) A reduction in water use by the city of Hays might 

result in a rise in the local alluvial water table and increased surface flows in the Smoky Hill 

River below the Hays water-well field.  Such modification in water use might increase the 

amount of habitat available for A. ferussacianus.  2) Provide landowner incentives to reduce 

cattle access to the stream and thereby limit degradation of water quality from that source.  3) 

Finally, a renovation of the impoundment above the low-head dam near Pfeifer, Kansas might 

provide greater local, water storage capacity and maintain minimum instream flows during 

periods of drought at least over the short to medium terms, or until surface flows increase. 
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Figure 3) Length frequency of Anodontoides ferussacianus in the Saline River, Kansas collected during 

2011. 

    
Figure 4) Length frequency of Anodontoides ferussacianus in the Smoky Hill River, Kansas collected 

during 2011. 
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Figure 5) Hydrograph for the Saline River near Russell, Kansas during the study period in 2011. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6) Hydrograph for the Smoky Hill River near Schoenchen, Kansas during the study period in 

2011.  

 



25 
 

 
 

Table 1) Qualitative results, Saline River: Total live mussel catch and CPUE (catch-per-person-hour) by species at 

sites on the Saline River, Kansas during 2011.  Sites labeled on Figure 1.  Total diversity (Simpson’s Index of 

Diversity) for the Saline River is noted at the bottom.  * Total CPUE for all live mussels collected in the Saline 

River. 

 

Site 
Anodontoides 

ferussacianus 

Leptodea 

fragilis 

Potamilus 

ohiensis 

Quadrula 

quadrula 

Total CPUE 

SR-1 0 0 0 0 0 0.00 

SR-2 0 0 0 0 0 0.00 

SR-3 0 0 0 0 0 0.00 

SR-4 1 0 0 0 1 0.50 

SR-5 0 0 0 0 0 0.00 

SR-6 0 0 0 0 0 0.00 

SR-7 0 0 0 1 1 0.50 

SR-8 1 0 0 4 5 2.50 

SR-9 0 1 0 0 1 0.50 

SR-10 0 0 0 0 0 0.00 

SR-11 0 0 0 1 1 0.25 

SR-12 0 0 1 0 1 1.00 

SR-13 0 0 0 0 0 0.00 

SR-14 0 0 0 4 4 1.33 

SR-15 1 0 1 0 2 0.50 

SR-16 3 0 0 1 4 0.88 

SR-17 1 0 0 0 1 0.29 

SR-18 1 0 0 2 3 0.64 

SR-19 0 1 0 3 4 1.15 

Total 8 2 2 16 28  

CPUE 0.16 0.040 0.040 0.32  0.56* 

Diversity 0.60  
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Table 2) Qualitative results, Smoky Hill River: Total live mussel catch and CPUE (catch-per-person-hour) by 

species at sites on the Smoky Hill River, Kansas during 2011.  Sites labeled on Figure 1.  Total Diversity 

(Simpson’s Index of Diversity) for the Smoky Hill River is noted at the bottom.  * Total CPUE for all live mussels 

collected in the Smoky Hill River. 

 

Site Anodontoides 

ferussacianus 

Leptodea 

fragilis 

Potamilus 

ohiensis 

Pyganodon 

grandis 

Quadrula 

quadrula 

Utterbackia 

imbecillis 

Total CPUE 

SH-1 0 0 0 0 0 0 0 0.00 

SH-2 0 0 0 0 0 0 0 0.00 

SH-3 0 0 0 0 12 0 12 6.00 

SH-4 0 0 0 0 3 0 3 1.50 

SH-5 0 0 0 0 41 0 41 20.50 

SH-6 0 2 4 0 7 0 13 6.50 

SH-7 0 0 0 1 0 1 2 1.00 

SH-8 0 0 0 0 0 0 0 0.00 

SH-9 0 1 0 0 26 0 27 13.50 

SH-10 0 4 2 0 8 0 14 2.00 

SH-11 1 6 2 0 110 0 119 19.83 

SH-12 3 1 0 0 35 0 39 13.00 

SH-13 0 6 2 1 25 0 34 5.10 

SH-14 1 0 0 0 38 0 39 19.50 

SH-15 2 1 0 0 30 0 33 8.25 

SH-16 0 3 2 0 50 0 55 18.33 

SH-17 3 0 1 2 17 1 24 6.25 

SH-18 0 0 2 0 3 0 5 0.86 

SH-19 2 5 4 0 32 0 43 6.14 

Total 12 29 19 4 437 2 503  

CPUE 0.18 0.44 0.29 0.060 6.57 0.030  7.57* 

Diversity 0.24  
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Table 3) Quantitative results, Saline River: Total live mussel catch and density (individuals m
-2

) by species at sites 

on the Saline River, Kansas during 2011.  Sites labeled on Figure 1.  * Total density (m
-2

) for all live mussels 

collected in the Saline River. 

 

Site 
Anodontoides 

ferussacianus 

Quadrula 

quadrula 

Total Density 

(m
2
) 

SR-8 0 5 5 0.125 

SR-16 1 2   3 0.075 

Total 1 7 8  

Density (m
2
) 0.0125 0.0875  0.1* 

 

 

 

 

 

Table 4) Quantitative results, Smoky Hill River: Total live mussel catch and density (individuals m
-2

) by species at 

sites on the Smoky Hill River, Kansas during 2011.  Sites labeled on Figure 1.  * Total density (m
-2

) for all live 

mussels collected in the Smoky Hill River. 

 

Site Anodontoides 

ferussacianus 

Leptodea 

fragilis 

Potamilus 

ohiensis 

Pyganodon 

grandis 

Quadrula 

quadrula 

Toxolasma 

parvus 
Total Density 

(m
2
) 

SH-11 0 1 0 0 20 0 21 0.525 

SH-12 0 63 2 0 15 0 80 2.0 

SH-17 3 0 0 7 7 2 19 0.475 

Total 3 64 2 7 42 2 120  

Density (m
2
) 0.025 0.53 0. 017 0.058 0.35 0.017  1.00* 
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Table 5) Fish species rank abundance at two sites on the Saline River (SR) and three sites on the Smoky Hill River 

(SH), Kansas during 2011.  These sites correspond to the quantitative surveys for freshwater mussels.  A rank value 

of 1 represents the most abundant fish in each site, with higher values representing lower abundances.  * denotes 

host fish for Anodontoides ferussacianus. 

 

      Species SR-8 SR-16 SH-11 SH-12 SH-17 

Bluegill* - - - 10 - 

Bluntnose minnow* 5 5 4 3 5 

Central stoneroller - 6 3 4 - 

Channel catfish 7 8 7 5 - 

Common carp 6 - - - - 

Creek chub - 9 - - - 

Fathead minnow* 4 4 5 6 4 

Gizzard shad 3 10 - - - 

Green sunfish - - - - 6 

Largemouth bass* - - 8 - - 

Orangethroat darter - - 9 8 - 

Plains killifish 9 3 - - - 

Red shiner 1 2 1 1 1 

River carpsucker 8 - - 9 - 

Sand shiner 2 1 2 2 2 

Suckermouth minnow - - - 12 - 

Western mosquitofish - 7 6 7 3 

White bass - - - 11 - 

Total species at site: 9 10 9 12 6 

Total host fish species at site: 2 2 3 3 2 
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Table 6) Historical and recent occurrence of unionid mussels from the mainstem Smoky Hill and Saline rivers from 

Ellis and Russell counties.  X = species present as live or recent shell material. 

   
 Smoky Hill River Saline River 

 

Taxa Collected 
Hoke 

1997 

Bergmann 1997, 

Obermeyer 1996 

Sowards 

et al. 

Hoke 

1997 

Bergmann 1997, 

Obermeyer 1996 

Sowards 

et al. 

Potamilus ohiensis 

(pink papershell) X X X   X 

Quadrula quadrula 

(mapleleaf) X X X  X X 

Leptodea fragilis 

(fragile papershell)   X   X 

Pyganodon grandis 

(giant floater)  X X    

Anodontoides ferussacianus 

(cylindrical papershell) X X X  X X 

Utterbackia imbecillis 

(paper pondshell)  X X    

Uniomerus tetralasmus 

(pondhorn)    X   

Toxolasma parvus 

(lilliput)   X    
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Appendix 1) Sample locations for Anodontoides ferussacianus from western Ellis County to eastern Russell 

County on the Saline and Smoky Hill rivers during the spring and summer of 2011. Saline River (SR) discharge was 

obtained from USGS gaging station near Russell, Kansas for sites SR-1 through SR-18 and near Wilson Dam for 

SR-19. Smoky Hill River (SH) discharge was obtained from USGS gaging station near Schoenchen, Kansas for sites 

SH-1, 2, 7, and 17.  All other discharges were obtained from the USGS gaging station near Pfeifer, Kansas. Latitude 

and longitude were acquired from a Garmin etrex© GPS. Effort was determined by multiplying the number of 

people by the time spent searching. 

Site Latitude Longitude Date 
Effort  

(person hours) 

Daily 

mean discharge 

(cfs) 

SR-1 39.10243 -99.52765 4/30/2011 2 30 

SR-2 39.07655 -99.45268 4/30/2011 2 30 

SR-3 39.09090 -99.42372 4/30/2011 2 30 

SR-4 39.10070 -99.25875 4/30/2011 2 30 

SR-5 39.10123 -99.20728 4/30/2011 2 30 

SR-6 39.11242 -99.16288 4/30/2011 2 30 

SR-7 38.96098 -98.86127 5/1/2011 2 30 

SR-8 39.01198 -98.92542 5/1/2011 2 30 

SR-9 39.01453 -98.97245 5/1/2011 2 30 

SR-10 39.10148 -99.30865 5/1/2011 2 30 

SR-11 39.04850 -99.03397 5/10/2011 4 24 

SR-12 38.98396 -98.72302 6/11/2011 1 16 

SR-13 38.97824 -98.74175 6/11/2011 2 16 

SR-14 39.01013 -98.92513 6/11/2011 3 16 

SR-15 39.03440 -98.99725 6/11/2011 4 16 

SR-16 39.09786 -99.25414 6/21/2011 4.6 12 

SR-17 39.09941 -99.25555 6/21/2011 3.5 12 

SR-18 39.06890 -99.11124 6/21/2011 4.7 12 

SR-19 38.97707 -98.48995 6/21/2011 3.5 14 

SH-1 38.71230 -99.37582 4/30/2011 2 3.1 

SH-2 38.71318 -99.31297 4/30/2011 2 3.1 

SH-3 38.72110 -99.10829 4/30/2011 2 1.6 

SH-4 38.73817 -99.03645 4/30/2011 2 1.6 

SH-5 38.74144 -99.02250 4/30/2011 2 1.6 

SH-6 38.75907 -98.96378 4/30/2011 2 1.6 

SH-7 38.72334 -99.40645 5/1/2011 2 3.4 

SH-8 38.71541 -99.16441 5/1/2011 2 1.6 

SH-9 38.73915 -99.02260 5/1/2011 2 1.6 

SH-10 38.74019 -99.04094 5/1/2011 7 1.6 

SH-11 38.74511 -98.99731 5/7/2011 6 1.4 

SH-12 38.73999 -99.02386 5/8/2011 3 1.4 

SH-13 38.71784 -99.06102 5/10/2011 6.7 0.86 

SH-14 38.74031 -99.02400 6/12/2011 2 4.3 

SH-15 38.74071 -99.02429 6/12/2011 4 4.3 

SH-16 38.73775 -99.01923 6/12/2011 3 4.3 

SH-17 38.70734 -99.26109 6/22/2011 4 1 

SH-18 38.79350 -98.90233 6/22/2011 5.8 1 

SH-19 38.75724 -98.95300 6/22/2011 7 1 


