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Abstract 

 The distribution of the Cylindrical Papershell (Anodontoides ferussacianus) in Kansas 

historically included a large portion of the state but is now seemingly restricted to the upper 

Smoky Hill-Saline River Basin in western Kansas. The species is listed as a “Species in Need of 

Conservation” within Kansas, and a survey conducted in 2011 emphasizing the status of the 

Cylindrical Papershell detected the species at low densities and relative abundances. Drought 

since the completion of the 2011 survey raised questions regarding the current status of the 

Cylindrical Papershell. The primary objectives of this study were to evaluate the conservation 

status of the Cylindrical Papershell in Kansas and evaluate possible post-drought changes in the 

composition of freshwater mussel communities in the Saline and Smoky Hill rivers. Nineteen 

sites on the Saline River and 21 sites on the Smoky Hill River were qualitatively surveyed. Two 

and 5 of these sites on the Saline and Smoky Hill rivers, respectively, were also sampled 

quantitatively. Eighteen live Cylindrical Papershell, 7 in the Saline River and 11 in the Smoky 

Hill River, were collected. At qualitative sites surveyed in 2011 and 2015, significant decreases 

in species richness at each site and live Cylindrical Papershell abundance were documented, 

though overall abundance of live mussels per site remained similar. 
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Introduction 

 In recent years, the critical status of freshwater mussels (Bivalvia: Unionoida) has 

become widely recognized. More than 70% of the nearly 300 recognized North American mussel 

species are considered endangered, threatened, or of conservation concern (Williams et al. 1993). 

Nearly 40 species have gone extinct during the last century (Haag 2012), and half of the extant 

species could go extinct during the current century (Ricciardi and Rasmussen 1999). The decline 

of mussels has been attributed to many factors. These include the historical harvest of freshwater 

mussels for the pearl-button and cultured-pearl industries, agricultural practices that degrade 

stream habitats, physical and chemical alteration of streams and stream flows through 

impoundment and channelization, and the introduction of invasive species such as the Asian 

Clam (Corbicula fluminea) and Zebra Mussel (Dreissena polymorpha) (Haag 2012). Changing 

climates might also pose an imminent risk for this group. 

 Contractions in the geographic distribution of many Kansas mussel species and trends 

toward reduced species richness relative to historic conditions have been observed (Angelo et al. 

2009). Approximately 40 unionid species approach or reach the western margin of their 

geographic distribution within the state of Kansas (Murray and Leonard 1962; Angelo et al. 

2009). It has been suggested that peripheral populations near the margin of a species’ distribution 

play an important role in the conservation of declining species. These populations are more 

likely to persist than central populations and should, therefore, be included in conservation plans 

(Channell 2004). Conservation of these species and suitable habitat is consistent with the goals 

of the Kansas State Wildlife Action Plan (Rohweder 2015) and the mission of the Kansas 

Department of Wildlife, Parks and Tourism (KDWPT). 
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 The Cylindrical Papershell (Anodontoides ferussacianus) occurs throughout the 

northeastern United States and southeastern Canada, and reaches the southwestern limits of its 

distribution in Kansas. This species historically occurred over a large portion of the state, but a 

decline in its geographic distribution has been documented (Angelo et al. 2009). The Cylindrical 

Papershell is considered in need of conservation (SINC) in Kansas, and recent studies suggest it 

now occurs as peripheral and isolated populations in the Saline and Smoky Hill rivers of Ellis 

and Russell counties (Bergman 1998; Angelo et al. 2009; Sowards et al. 2012, 2016). 

 The Cylindrical Papershell is relatively short-lived and fast-growing. Its lifespan in a 

Michigan stream ranged from 3 to 16 years, with an average lifespan of 9 years (Harrigan, 

Moerke, and Badra 2009). Aging studies have not been conducted on this species within Kansas. 

Sowards et al. (2012) documented the rapid growth of Cylindrical Papershell in the Smoky Hill 

River, where 2 individuals grew 10 mm and 11 mm in 66 and 67 days, respectively. The 

Cylindrical Papershell reproduces in August, and glochidia mature by September (Watters, 

Hoggarth, and Stansbery 2009). The glochidia are retained within the female until the following 

May (Watters , Hoggarth, and Stansbery 2009), when they are released in mucous strands that 

passively entangle potential host fish (Hove et al. 1995, 1997; Watters 1995). Though host 

suitability studies have not been conducted in Kansas, potential host fish within the state include 

White Sucker (Catostomus commersonii) (Fuller 1978), Bluegill (Lepomis macrochirus) 

(Watters 1995), Largemouth Bass (Micropterus salmoides) (Watters 1995; O’Dee and Watters 

2000), Bluntnose Minnow (Pimephales notatus), Fathead Minnow (Pimephales promelas) 

(Fuller 1978), and Black Crappie (Pomoxis nigromaculatus) (Hove et al. 1995). 

 In 2011, Sowards et al. (2012, 2016) conducted an intensive mussel survey in the Saline 

and Smoky Hill rivers of Ellis and Russell counties, Kansas, and observed 24 live Cylindrical 
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Papershell, with 9 and 15 in the Saline River and Smoky Hill River, respectively. No evidence of 

recent Cylindrical Papershell recruitment was observed in the Saline River (Sowards et al. 2012). 

Evidence of recent recruitment was observed in the Smoky Hill River at a survey site west of 

Pfeifer, Kansas (Sowards et al. 2012); however, this stream reach is subject to dewatering by the 

municipal water-well fields of Hays and Russell, Kansas, located near Schoenchen and Pfeifer, 

respectively. Due to the relatively short lifespan of the species, Sowards et al. (2012) suggested a 

few years of little to no recruitment could greatly increase the probability of local extinction.  

 Persistent drought since completion of the 2011 survey raised questions regarding the 

current status of the Cylindrical Papershell. The data collected by Sowards et al. (2012, 2016) 

provided a unique point of comparison for not only the current populations of Cylindrical 

Papershell, but also the current freshwater mussel communities. The objectives of this study 

were to evaluate the conservation status of the Cylindrical Papershell in northwestern Kansas, 

and evaluate possible post-drought changes in the composition of freshwater mussels in these 

segments of the Saline and Smoky Hill rivers. 

Methods 

 To meet the objectives of this study and allow for useful comparisons of pre-drought 

(2011) and post-drought (2015) mussel communities, the methods described by Sowards et al. 

(2012, 2016) were used with some modification. The study area in Kansas included the Saline 

and Smoky Hill rivers in Ellis and Russell counties, the Smoky Hill River in Logan and Trego 

counties, and Ladder Creek in Logan and Scott counties. Effort was focused in the Saline and 

Smoky Hill rivers of Ellis and Russell counties, as recent studies suggested this area supported 

the most, and potentially the last remaining, populations of Cylindrical Papershell within Kansas 

(Figure 1) (Bergman 1998; Angelo et al. 2009; Sowards et al. 2012, 2016). 
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 Survey sites were initially selected based on accessibility to locations surveyed in 2011 

by Sowards et al. (2012, 2016). In an attempt to document extant Cylindrical Papershell 

populations, additional survey sites were selected by using Google Earth™ imagery of the Saline 

and Smoky Hill rivers to identify stream reaches that apparently maintained water throughout the 

drought that might have allowed freshwater mussels to persist. Locations in Logan and Scott 

counties were selected based on historical records of Cylindrical Papershell shell material 

(Angelo et al. 2009). Of the potential pool of sample sites, 40 were sampled, 19 in the Saline 

River in Ellis and Russell counties and 21 in the Smoky Hill River in Ellis, Russell, and Trego 

counties (Figure 2).  

  A qualitative survey consisting of a timed, tactile search of all wadeable habitats was 

conducted at each site. When possible, search effort as person-hours was replicated at sites also 

surveyed by Sowards et al. (2012, 2016). All live mussels encountered during the survey were 

held in a mesh bag until the timed search was complete. Mussels were identified to species, 

measured (length, height, and width to nearest mm), and returned to the stream. When live 

Cylindrical Papershell were encountered, a numbered, polyethylene tag was glued to each valve 

posterior to the umbo. Dead Cylindrical Papershell valves were collected as voucher specimens 

to be housed at the Sternberg Museum of Natural History in Hays, Kansas. Photographs of the 

survey site were taken, and GPS coordinates for the upstream and downstream limits of the 

survey area were recorded. Relative abundances as catch per person hour (CPUE), species 

richness, and a Simpson Diversity Index were calculated for each site. 

 Quantitative surveys were conducted at 2 sites in the Saline River and 5 sites in the 

Smoky Hill River. Sites were selected based on those quantitatively surveyed in 2011 (Sowards 

et al. 2012, 2016) and on the relative abundance of live Cylindrical Papershell and overall 
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diversity of live mussels observed during qualitative surveys in 2015. A 1,000-m2 grid covering 

the wetted stream area was delineated at each site. Average wetted width, calculated from 10 

wetted width measurements spaced 10 m apart, was used to determine the width of the 1,000-m2 

grid, and the quotient of 1,000 and the average wetted width was used to determine the length of 

the grid (Wolf and Stark 2008; Sowards et al. 2012). A random number generator was used to 

select forty 1-m2 quadrats to be sampled from the 1,000-m2 grid (Wolf and Stark 2008; Sowards 

et al. 2012). Environmental factors including stream depth, stream flow, and substrate type were 

measured at each quadrat. Substrate from each quadrat was excavated by hand to a depth of 10 

cm and placed into a wire sieve with 5-mm mesh. Live mussels were processed as previously 

described for qualitative surveys. Density of live mussels as individuals per m2, species richness, 

and a Simpson Diversity Index were calculated for each site. A 4.5-m straight seine with 3-mm 

mesh was used to sample potential host-fish populations at each site. Fish species observed were 

ranked by abundance. 

 Length-frequency histograms for each species were produced to gain insight on the 

current status and age structure of mussel populations. Histograms for all species except 

Cylindrical Papershell were produced using lengths of all individuals captured during qualitative 

and quantitative surveys. Individuals of the species might be represented twice in the histograms, 

as they were not marked during qualitative surveys, and were not identifiable as recaptured 

individuals if again observed during quantitative surveys.  

 Mussel communities from this survey were compared to those from 2011 (Sowards et al. 

2012, 2016) in an effort to discern possible changes. Because data collected during quantitative 

surveys were insufficient to use for analyses, paired t-tests were used to compare aspects of 

qualitative surveys from 2011 and 2015. These included per site search effort, species richness, 
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total abundance of live mussels, and abundance of live Cylindrical Papershell and Mapleleaf 

(Quadrula quadrula). When necessary, data were transformed to meet normality assumptions of 

the paired t-test. Data transformed included per site search effort [log(x)], species richness 

[log(x+1)], and abundance of live Cylindrical Papershell [log(x+1)]. Abundance data, length-

frequency histograms, and changes in the distribution of the species were used to evaluate its 

current status within the study area. 

Results 

 Qualitative, timed surveys at 19 sites in the Saline River were conducted from 14 July to 

14 August 2015. During 45.2 hours of surveys, 34 live mussels representing 4 species were 

collected at 5 sites (Table 1). At each site, stream lengths surveyed ranged from 17 to 115 m, 

search effort from 1 to 4.9 hours, number of live mussels collected from 0 to 20 individuals, and 

CPUE from 0 to 9.76. The Simpson Diversity Index for the Saline River was 0.63. Lilliput 

(Toxolasma parvus) and Mapleleaf were the most commonly observed species and represented 

55.88% and 23.53% of the composite sample, respectively. The Cylindrical Papershell occurred 

at a CPUE of 0.09 and represented 11.76% of the sample. Four Cylindrical Papershell were 

collected at site SR-16 (Figure 2). 

 Qualitative, timed surveys at 21 sites in the Smoky Hill River were conducted from 16 

July to 14 August 2015. During 74.4 hours of surveys, 697 live mussels representing 5 species 

were collected at 18 sites (Table 1). Per site, length of stream surveyed ranged from 13 to 146 m, 

search effort from 1 to 5.8 hours, number of live mussels from 0 to 244 individuals, and CPUE 

from 0 to 34.86. The Simpson Diversity Index for the Smoky Hill River was 0.29. Mapleleaf and 

Pink Papershell (Potamilus ohiensis) were the most commonly collected species and represented 

83.64% and 6.74% of the composite sample, respectively. The Cylindrical Papershell was 
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collected at 4 sites (SH-17, SH-19, SH-21, and SH-22) and occurred at a CPUE of 0.13, 

representing 1.43% of the sample. Ten Cylindrical Papershell were collected in the Smoky Hill 

River, with 4 at site SH-21, 3 at site SH-22, 2 at site SH-17, and 1 at site SH-19 (Figure 2). 

 Due to limited accessibility, lack of surface water, and little evidence from Google 

Earth™ imagery of stream reaches that retained water through the drought, no timed or 

quantitative surveys were conducted in Logan or Scott counties. A qualitative survey was 

attempted in Ladder Creek upstream of Lake Scott in Scott County on 15 September 2015; 

however, approximately 1 m of silt, detritus, and tree limbs and branches covered the stream 

bottom and did not allow for a comparable timed search. Instead, visual searches for mussel 

valves were conducted near Lake Scott in Scott County. A Giant Floater (Pyganodon grandis) 

weathered valve below the dam of Scott Lake was the only evidence of freshwater mussels 

observed in the area. 

 Quantitative surveys were conducted at 2 sites (SR-08 and SR-16; Figure 1) in the Saline 

River. In the 80 quadrats surveyed, 16 live mussels representing 3 species occurred at a density 

of 0.20 individuals per m2 (Table 2). Lilliput was the most abundant species at a density of 0.15 

individuals per m2. The Cylindrical Papershell occurred at a density of 0.04 individuals per m2. 

Three live Cylindrical Papershell were collected at site SR-16. No live mussels were observed at 

site SR-08. 

 Quantitative surveys were conducted at 5 sites (SH-11, SH-12, SH-17, SH-21, and SH-

22; Figure 2) in the Smoky Hill River. In the 200 quadrats surveyed, 57 live mussels representing 

7 species occurred at a density of 0.29 individuals per m2 (Table 2). Lilliput was the most 

frequently collected species at a density of 0.14 individuals per m2. Cylindrical Papershell 
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occurred at a density of 0.01 individuals per m2. Two live Cylindrical Papershell were observed 

at site SR-22, one of which represented a recapture from the qualitative survey. 

  Attempts were made to measure streamflow at quantitative survey sites; however, no flow 

was detectable in pool habitats, and areas with visible flow were too shallow to be measured by 

using available equipment. Substrate at quantitative sites in the Saline River was comprised of 

67.5% sand, 17.5% fine material, 10% fine gravel, 3.8% coarse gravel, and 1.3% cobble. Substrate 

at quantitative sites in the Smoky Hill River was comprised of 43.0% fine gravel, 16% sand, 15.5% 

coarse gravel, 13% cobble 6.5% boulder, and 6% fine material. Potential host fish were present at 

all quantitative survey sites. Three species were present at sites SH-11 (Bluegill, Largemouth Bass, 

and Fathead Minnow) and SH-21 (Bluegill, Largemouth Bass, and Bluntnose Minnow). Two 

species (Bluegill and Largemouth Bass) were present at sites SH-12 and SH-17. One species was 

present at sites SR-08 and SR-16 (Fathead Minnow) and at SH-22 (Bluegill). 

 During qualitative and quantitative surveys in the Saline River, valves of 5 species were 

collected (Cylindrical Papershell, White Heelsplitter (Lasmigona complanata), Fragile 

Papershell (Leptodea fragilis), Mapleleaf, and Lilliput). Fragile Papershell was represented only 

by dead valves. The greatest species richness of live mussels occurred at site SR-16, where 3 

species (Cylindrical Papershell, Mapleleaf, and Lilliput) were observed. During qualitative and 

quantitative surveys in the Smoky Hill River, valves of 9 species were observed (Cylindrical 

Papershell, Fragile Papershell, Pondmussel (Ligumia subrostrata), Pink Papershell, Bleufer 

(Potamilus purpuratus), Giant Floater, Mapleleaf, Lilliput, and Paper Pondshell (Utterbackia 

imbecillis). Bleufer was represented only by dead valves. The greatest species richness of live 

mussels occurred at site SH-21, where 8 species were observed.  
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 Eighteen live Cylindrical Papershell, 7 in the Saline River and 11 in the Smoky Hill 

River, were collected during the 2015 qualitative and quantitative surveys. Live Cylindrical 

Papershell were collected at 1 of 19 survey sites in the Saline River and at 4 of 20 survey sites in 

the Smoky Hill River. In the Saline River, the species was most abundant at site SR-16 (7 

individuals). In the Smoky Hill River, Cylindrical Papershell was most abundant at sites SH-21 

and SH-22 (4 individuals each). Length of individuals ranged from 55 to 78 mm in the Saline 

River, and 93 to 112 mm in the Smoky Hill River (Figure 4.1). 

 Thirty sites qualitatively surveyed by Sowards et al. (2012) were included in the 2015 

survey. No live mussels were observed at 7 of these sites (SR-03, SR-05, SR-06, SR-10, SR-13, 

SH-01, and SH-02) in 2011 and 2015, and they were removed from further analyses. At the 

remaining 23 sites, per site search effort (person hours) did not differ significantly (t = 0.725,    

df = 22, p = 0.476) between 2011 and 2015. Live mussel abundance increased at 7 sites and 

decreased at 16 sites, with no live mussels observed at 7 of these 16 sites in 2015. Abundance of 

live mussels per site did not differ significantly (t = 0.454, df = 22, p = 0.654) between 2011 and 

2015; however, species richness per site significantly decreased (t = 3.61, df = 22, p < 0.001) 

between 2011 and 2015. Abundance of Mapleleaf, the most commonly observed species, did not 

differ significantly between 2011 and 2015 (t = 0.844, df = 19, p = 0.409). Abundance of 

Cylindrical Papershell per site significantly decreased (t = 5.19, df = 10, p < 0.001) between 

2011 and 2015. 

 At the sites mutually surveyed in 2011 and 2015, Sowards et al. (2012, 2016) observed a 

total of 23 live Cylindrical Papershell among 11 sites, with 8 individuals among 5 sites in the 

Saline River and 15 individuals among 6 sites in the Smoky Hill River. In 2015, 10 Cylindrical 



14 
 

Papershell were observed at 3 sites, with 7 individuals at 1 site in the Saline River and 3 

individuals at 2 sites in the Smoky Hill River. 

Discussion 

 Consistent with the observations of Sowards et al. (2012, 2016), freshwater mussels were 

more abundant in the Smoky Hill River (697 live individuals) than in the Saline River (34 live 

individuals) in 2015. Live mussels were collected at 5 of 19 survey sites in the Saline River and 

19 of 21 survey sites in the Smoky Hill River. Species richness in the Smoky Hill River (8) was 

greater than in the Saline River (4), but the Simpson Diversity Index for the Saline River (0.63) 

was greater than that for the Smoky Hill River (0.29) which was dominated by the Mapleleaf. As 

suggested by Sowards et al. (2012, 2016), the typically sandy substrates in the Saline River 

might be less conducive to the formation of mussel aggregations. During high stream flows, 

mussels in the Saline River might be less likely to maintain their position in the predominately 

sand and silt substrates than mussels in the coarser and more heterogeneous substrates of the 

Smoky Hill River. 

 At sites surveyed during both the 2011 and 2015 surveys, declines in the abundance 

(Table 3) and distribution (Figure 3) of Cylindrical Papershell were observed relative to those 

reported by Sowards et al. (2012, 2016) prior to the drought. The species was not collected at 8 

of our 11 sites at which it was detected by Sowards et al. (2012, 2016), and 10 live Cylindrical 

Papershell were collected compared to 23 in 2011. Changes in the mussel communities were also 

observed between the surveys. Overall abundance of live mussels at these sites did not differ 

significantly between the pre-drought and post-drought surveys, but species richness of live 

mussels significantly declined. 
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 Overall, 18 live Cylindrical Papershell were collected during the 2015 survey. Lengths of 

the 7 individuals in the Saline River ranged from 55 to 78 mm (Figure 4.1), which suggests 

relatively recent recruitment, given the short, average lifespans (Harrigan, Moerke, and Badra 

2009) and rapid growth (Sowards et al. 2012) reported for this species. Lengths of the 11 

individuals in the Smoky Hill River ranged from 93 to 112, suggesting no recent recruitment. 

 In the Saline River at site SR-16, the 7 live Cylindrical Papershell was the greatest 

abundance at any site surveyed. The only evidence of recent recruitment was also observed here. 

This site was downstream from a low-water bridge with perched culverts and seemed to have 

retained adequate water throughout the drought. Surface water consisted of several shallow pools 

(< 0.5 m deep) surrounded by dense vegetation and interconnected by shallow (often < 0.1 m), 

narrow (often < 1 m) braided runs. Substrates were predominately comprised of sand and fine 

material. Mapleleaf and Lilliput were also observed at the site, in addition to 9 fish species, of 

which Fathead Minnow was the only known potential host species. The high abundance of 

Cylindrical Papershell at site SR-16 might be explained by two factors. The perched culverts of 

the low-water bridge could prevent host fish infested with glochidia from traveling farther 

upstream during periods of low stream flow. In addition, the low-water bridge and dense 

vegetation at this site might decrease water velocity during high flows, reducing scour and 

erosion and allowing mussels to maintain their positions in the fine substrate. 

 In the Smoky Hill River, the greatest abundances of live Cylindrical Papershell were 

observed at sites SH-21 and SH-22, with 4 individuals each. These were additional sites chosen 

by using Google Earth™ imagery based on presence of surface water during the drought. Cool, 

spring-like inflow was evident at both sites, and substrates were heterogeneous and comprised of 

coarse gravel, fine gravel, and sand. At site SH-21, all live Cylindrical Papershell were collected 
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near the shallow margins of an isolated pool with a maximum depth of approximately 1.5 m. 

This site supported 8 live mussel species, the highest species richness of live mussels at any site 

surveyed. Eight fish species were also present, including 3 known potential host species 

(Bluegell, Largemouth Bass, and Bluntnose Minnow). Site SH-22 consisted of a large pool with 

a maximum depth of approximately 1.2 m. Three Cylindrical Papershell were collected near the 

shallow margins of the pool, and a fourth was collected near the middle of the pool at a depth of 

0.6 m. This site supported 6 live mussel species and 4 fish species, with Largemouth Bass as the 

only known potential host species.  

 During the drought, the Saline and Smoky Hill rivers in much of Ellis and Russell 

counties were reduced to areas of low flows and isolated pools. During the 2015 survey, stream 

discharge in the Saline River at USGS site 06867000 near Russell ranged from 2.1 to 7.6 cubic 

feet per second (cfs), and stream discharge in the Smoky Hill River near Pfeifer at USGS site 

06863000 remained at 0.0 cfs (Appendix 1). In the survey area, surface water and stream flows 

in the Smoky Hill River are subject to a greater degree of alteration by humans relative to surface 

water and stream flows than in the Saline River. Near the western margin of the survey area, 

Cedar Bluff Reservoir restricts stream flow in the Smoky Hill River except for seepage from the 

reservoir. Occasionally, water is released to recharge municipal well fields downstream in the 

study area. The last such release occurred during the spring of 2013.  

 Municipal well fields for Hays and Russell are located along the Smoky Hill River near 

Schoenchen and Pfeifer, respectively. Groundwater withdrawal by the wellfields seems to 

profoundly affect the presence of surface water in the Smoky Hill River in Ellis County, 

increasing habitat fragmentation during periods of low precipitation. This is evidenced by the 

absence of surface water near Schoenchen and Pfeifer, and the presence of surface water 
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downstream from Schoenchen and Pfeifer during drought years (Figure 5), along with a decrease 

in stream discharge typically observed between the gaging stations upstream and downstream 

from Schoenchen.  

 Seep-springs or alluvial discharge were observed at or near most survey sites as depicted 

in Figure 5 (SH-17, SH-21, SH-22, and SH-23), and these sites seemed to maintain adequate 

surface water during the drought. Seep-springs were also observed approximately 400 m north of 

the dry streambed near Pfeifer. These observations suggest the lack of water near Schoenchen 

and Pfeifer is largely influenced or potentially caused by lowering of the water table near the 

wellfields. If withdrawal rates were reduced, these reaches of the Smoky Hill River could 

potentially maintain surface water during periods of low precipitation, decreasing fragmentation. 

A lowhead dam near Pfeifer further fragments the habitat and prevents upstream dispersal of host 

fish potentially infested with glochidia (Figure 5). 

 During the early 1980s, the Cylindrical Papershell was described as one of the most 

abundant mussel species in the Smoky Hill River in Trego, Ellis, and Russell counties. (Hoke 

1997). In 2011, Sowards et al. (2012, 2016) observed the Cylindrical Papershell at low relative 

abundances and densities, and described the species as one of the least abundant mussel species; 

however, they were unable to document a marked decline or accurately compare their results to 

historical populations due to lack of abundance data from previous studies. Although quantitative 

survey data would be preferable for making comparisons, the relatively low abundances of 

mussels during quantitative surveys in 2011 (Sowards et al. 2012, 2016) and 2015 did not allow 

for accurate comparisons. The qualitative survey data collected during this study did, however, 

allow for relatively accurate comparisons of Cylindrical Papershell populations in 2011 to those 

in 2015, because per site search effort did not differ significantly between the surveys. Arguably, 
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qualitative surveys conducted in 2015 were more thorough than those conducted by Sowards et 

al. (2012, 2016) in 2011. Drought conditions and reduced stream flows decreased the available 

habitat at most survey sites relative to the same sites in 2011. Consequently, similar search effort 

was concentrated within smaller stream areas in 2015.  

 The observed changes in the Cylindrical Papershell populations of the Saline and Smoky 

Hill rivers between 2011 and 2015 indicated a marked decline of the species during recent years. 

Similar declines have been observed in other areas near the margin of the species’ distribution. 

Historically known to occur in Lake Winnipeg, Manitoba, Cylindrical Papershell was not 

observed during a recent survey of 90 sites in the lake (Pip 2000, 2006). Once the most common 

freshwater mussel species in Colorado, the Cylindrical Papershell has recently been observed at 

only 2 locations (Harrold and Guralnick 2010) and is currently considered a species of “State 

Special Concern”. Similar concerns of possible declines throughout its distribution have led to 

the listing of the species as critically imperiled in Missouri, endangered in Vermont, threatened 

in Iowa, and imperiled in Pennsylvania and West Virginia. 

 Climate change might also pose a substantial threat to the Cylindrical Papershell in 

Kansas. Climate has been suggested as a limiting factor in the distribution of the species, with 

Cylindrical Papershell becoming localized and rare south of 39° latitude (Cummings and Mayer 

1992; Watters, Hoggarth, and Stansbery 2009; Haag 2012). The northern border of Ellis and 

Russell counties, Kansas, occurs at approximately 39.1° latitude. 

 Historically, the Cylindrical Papershell occurred across the northern half of Kansas 

(Angelo et al. 2009). As a result of widespread stream degradation, the distribution of the species 

in Kansas has been reduced during the past century (Sowards et al. 2016). The species is now 

seemingly restricted to the upper Smoky Hill-Saline River Basin in west-central Kansas, where a 
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significant decline in the abundance of the species was observed between 2011 and 2015. During 

this study, the species occurred at low abundances across a limited geographic area comprised of 

highly fragmented streams. Loss of surface water and stream flows, along with habitat 

fragmentation and degradation, are the primary factors that threaten the persistence of 

Cylindrical Papershell within Kansas. Continued monitoring of this species within the state is 

important, as similar declines have been observed in other areas of the species’ range. These 

observations suggest that, with current climate trends and water usage, the Cylindrical Papershell 

could be lost as a viable component of Kansas’ ecosystems and warrant a change in the 

conservation status of the Cylindrical Papershell within Kansas to endangered. The data 

collected during this survey, along with the data collected by Sowards et al. (2012, 2016), can be 

used as points of comparison for future surveys in the area to increase our understanding of the 

mussel communities present in the dynamic systems of the Saline and Smoky Hill rivers in 

northwestern Kansas. 
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Figure 1. Documented occurrences of Anodontoides ferussacianus in Kansas through 2015. 
Modified from Angelo et al. 2009 and Sowards et al. 2012. 
 

 
Figure 2. Survey area and sites sampled for freshwater mussels on the Saline and Smoky Hill 
rivers in Ellis, Russell, and Trego counties, Kansas during 2015. 
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Figure 3. Change in the presence of Anodontoides ferussacianus between the 2011 and 2015 
surveys in the Saline and Smoky Hill rivers in Ellis and Russell counties, Kansas. In 2015, A. 
ferussacianus was not collected at 8 of 11 sites at which it was observed by Sowards et al. 
(2012).  
 
 
Figures 4.1-4.9. Length-frequency histograms of live freshwater mussels collected in the Saline 
and Smoky Hill rivers in Ellis, Russell, and Trego counties, Kansas. 
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Figure 5. Representation of habitat fragmentation in the Smoky Hill River. Municipal water-well 
fields for the cities of Hays and Russell, Kansas are located along the Smoky Hill River near 
Schoenchen and Pfeifer, respectively. *Estimated by using Google Earth™ Imagery.  
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Table 1. Qualitative survey data for live mussels collected in the Saline and Smoky Hill rivers in 
Ellis, Russell, and Trego counties, Kansas during 2015. 

Site 
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SR-03 - - - - - - - - - - - - 
SR-04 - - - - - 1 19 - 20 9.76 2 0.01 
SR-05 - - - - - - - - - - - - 
SR-06 - - - - - - - - - - - - 
SR-07 - - - - - - - - - - - - 
SR-08 - - - - - 1 - - 1 0.33 1 0.00 
SR-09 - - - - - - - - - - - - 
SR-10 - - - - - - - - - - - - 
SR-11 - - - - - - - - - - - - 
SR-12 - - - - - - - - - - - - 
SR-13 - - - - - - - - - - - - 
SR-14 - - - - - - - - - - - - 
SR-16 4 - - - - 2 - - 6 1.24 2 0.56 
SR-17 - - - - - - - - - - - - 
SR-18 - - - - - - - - - - - - 
SR-19 - 3 - - - 2 - - 5 1.43 2 0.60 
SR-20 - - - - - - - - - - - - 
SR-21 - - - - - - - - - - - - 
SR-22 - - - - - 2 - - 2 1.00 1 0.00 
SH-01 - - - - - - - - - - - - 
SH-02 - - - - - - - - - - - - 
SH-03 - - 2 1 - 34 - - 37 18.50 3 0.15 
SH-04 - - - 1 - 12 - - 13 6.50 2 0.15 
SH-06 - - 1 - - 30 - - 31 15.50 2 0.06 
SH-09 - - - - - 9 - - 9 4.50 1 0.00 
SH-11 - - 1 1 - 82 - - 84 10.50 3 0.05 
SH-12 - - - - - 9 - - 9 3.60 1 0.00 
SH-14 - - - - - 11 - - 11 5.50 1 0.00 
SH-15 - - - - - 8 - - 8 4.00 1 0.00 
SH-16 - - - - - 53 - - 53 17.67 1 0.00 
SH-17 2 - - 1 3 3 - - 9 2.25 4 0.81 
SH-18 - - 3 2 - - - - 5 0.87 2 0.60 
SH-19 1 - 17 16 - 61 - - 95 13.57 4 0.53 
SH-20 - - - - - - - - - - - - 
SH-21 4 - 5 6 1 19 - 1 36 9.00 6 0.68 
SH-22 3 - - - - 5 - 13 21 5.25 3 0.57 
SH-23 - - - 2 - 9 - - 11 2.75 2 0.33 
SH-24 - - 1 1 - 1 - - 3 0.60 3 1.00 
SH-25 - - 5 1 - 233 1 3 243 34.71 5 0.08 
SH-26 - - - 15 - 4 -  19 5.99 2 0.35 

Saline 
River 

Total 4 3 - - - 8 19 - 34 0.75 4 0.63 
CPUE 0.09 0.07 - - - 0.18 0.42 - - - - - 

Smoky 
Hill River 

Total 10 - 35 47 4 583 1 17 697 9.37 7 0.29 
CPUE 0.13 - 0.47 0.63 0.05 7.83 0.01 0.23 - - - - 

Combined Total 14 3 35 47 4 591 20 17 731 6.11 8 0.34 
CPUE 0.12 0.03 0.29 0.39 0.03 4.94 0.17 0.14 - - - - 
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Table 2. Quantitative survey data for live mussels collected in the Saline and Smoky Hill rivers 
in Ellis and Russell counties, Kansas during 2015. 

Site 
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SR-08 - - - - - - - - - - 
SR-16 3 - - - 1 12 - 16 0.40 3 

           
SH-11 - 2 - - 10 8 - 20 0.50 3 
SH-12 - - - - 3 19 - 22 0.55 2 
SH-17 - - - 1 - - 1 2 0.05 2 
SH-21 - - 1 - 5 1 - 7 0.18 3 
SH-22 2 1 - 1 - - 2 6 0.15 4 

Saline River 
Total 3 - - - 1 12 - 16 0.20 3 

Density (m-2) 0.04 0.00 0.00 0.00 0.01 0.15 0.00 - - - 
Smoky Hill 

River 
Total 2 3 1 2 18 28 3 57 0.29 7 

Density (m-2) 0.01 0.02 0.01 0.01 0.09 0.14 0.02 - - - 

Combined 
Total 5 3 1 2 19 40 3 73 0.26 7 

Density (m-2) 0.02 0.01 0.00 0.01 0.07 0.14 0.01 - - - 

 

Table 3. Abundance of Anodontoides ferussacianus and species richness of live mussels at sites 
in the Saline and Smoky Hill rivers in Ellis, Russell, and Trego counties, Kansas during 2011 
(Sowards et al. 2012) and 2015. Apostrophes (‘) denote sites surveyed only in 2011, and 
asterisks (*) denote sites surveyed only in 2015. 

Site 
Number of live A. 

ferussacianus  Species Richness 

2011 2015 2011 2015 

SR-04 1 0 1 2 
SR-08 2 0 2 1 
SR-15' 1 - 2 - 
SR-16 4 7 3 3 
SR-17 1 0 1 0 
SR-18 1 0 2 0 

     
SH-11 2 0 4 3 
SH-12 3 0 4 1 
SH-14 1 0 2 1 
SH-15 2 0 3 1 
SH-17 6 2 6 5 
SH-19 2 1 4 4 

SH-21* - 4 - 8 
SH-22* - 4 - 6 
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Appendix 1. Information for qualitative sites surveyed in the Saline and Smoky Hill rivers in 
Ellis, Russell, and Trego counties, Kansas during 2015. 

   Site 
Upstream Boundary Downstream Boundary Site 

Length 
(m) 

Date 

Daily 
Mean 

Discharge 
(cfs) 

Effort 
(person 
hours) Latitude Longitude Latitude Longitude 

SR-03 39.09092 -99.42327 39.09077 -99.42264 57 7/14/2015 2.1 2.3 
SR-04 39.10111 -99.25924 39.10083 -99.25865 60 7/14/2015 2.1 2.1 
SR-05 39.10133 -99.20719 39.10152 -99.20726 22 7/17/2015 7.6 2.0 
SR-06 39.11272 -99.16351 39.11255 -99.16322 31 7/17/2015 7.6 2.0 
SR-07 38.96060 -98.86150 38.96102 -98.86140 48 7/21/2015 5.7 2.0 
SR-08 39.01233 -98.92553 39.01213 -98.92544 24 7/20/2015 6.8 3.0 
SR-09 39.01594 -98.97298 39.01553 -98.97276 49 7/20/2015 6.8 2.0 
SR-10 39.10188 -99.30841 39.10148 -99.30844 45 7/14/2015 2.1 2.0 
SR-11 39.04746 -99.03418 39.04849 -99.03410 115 7/20/2015 6.8 4.0 
SR-12 38.98338 -98.72246 38.98342 -98.72227 17 7/21/2015 5.7 1.0 
SR-13 38.97775 -98.74194 38.97790 -98.74150 42 7/21/2015 5.7 1.5 
SR-14 39.01005 -98.92509 39.00958 -98.92480 58 7/20/2015 6.8 3.0 
SR-16 39.09826 -99.25400 39.09795 -99.25404 35 7/14/2015 2.1 4.9 
SR-17 39.09972 -99.25638 39.09964 -99.25576 54 7/14/2015 2.1 1.5 
SR-18 39.06901 -99.11182 39.06886 -99.11113 62 7/20/2015 6.8 3.0 
SR-19 38.97678 -98.49039 38.97702 -98.49004 40 7/21/2015 15.0 3.5 
SR-20 39.09796 -99.29951 39.09822 -99.29913 44 8/6/2015 4.7 2.0 
SR-21 39.09015 -99.40192 39.08960 -99.40151 71 8/6/2015 4.7 1.5 
SR-22 39.02840 -98.96750 39.02797 -98.96796 62 8/14/2015 2.0 2.0 
SH-01 38.71232 -99.37585 38.71239 -99.37529 49 7/16/2015 0.0 2.0 
SH-02 38.71355 -99.31259 38.71325 -99.31303 51 7/16/2015 0.0 2.0 
SH-03 38.72151 -99.10468 38.72149 -99.10423 39 8/3/2015 0.0 2.0 
SH-04 38.73807 -99.03613 38.73817 -99.03659 41 7/30/2015 0.0 2.0 
SH-06 38.75909 -98.96364 38.75942 -98.96281 81 8/3/2015 0.0 2.0 
SH-09 38.73912 -99.02266 38.73887 -99.02226 45 7/30/2015 0.0 2.0 
SH-11 38.74500 -98.99842 38.74525 -98.99697 129 7/23/2015 0.0 8.0 
SH-12 38.74000 -99.02380 38.73960 -99.02360 48 7/30/2015 0.0 2.5 
SH-14 38.74051 -99.02431 38.74017 -99.02402 45 7/30/2015 0.0 2.0 
SH-15 38.74068 -99.02436 38.74132 -99.02496 88 8/4/2015 0.0 2.0 
SH-16 38.73786 -99.01941 38.73750 -99.01871 73 8/3/2015 0.0 3.0 
SH-17 38.70719 -99.26153 38.70714 -99.26029 108 7/22/2015 0.0 4.0 
SH-18 38.79319 -98.90233 38.79399 -98.90217 90 8/14/2015 0.0 5.8 
SH-19 38.75710 -98.95277 38.75780 -98.95135 146 7/23/2015 0.0 7.0 
SH-20 38.78413 -99.70808 38.78415 -99.70793 13 7/16/2015 0.0 1.0 
SH-21 38.71166 -99.13547 38.71148 -99.13532 24 7/22/2015 0.0 4.0 
SH-22 38.69773 -99.23318 38.69802 -99.23273 51 8/12/2015 0.0 4.0 
SH-23 38.71902 -99.13980 38.71962 -99.13914 88 8/12/2015 0.0 4.0 
SH-24 38.71729 -99.12940 38.71695 -99.12904 49 8/12/2015 0.0 5.0 
SH-25 38.74014 -99.04100 38.74141 -99.04098 141 8/12/2015 0.0 7.0 
SH-26 38.78561 -98.81027 38.78597 -98.80946 81 8/14/2015 0.7 3.2 

 


