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ABSTRACT 
 
McNichols-O’Rourke, K.A. and Morris, T.J. 2024. 2012–2015 Unionid Monitoring and 
Biodiversity Observation (UMBO) network assessment in the Sydenham River 
watershed, Ontario. Can. Data Rep. Fish. Aquat. Sci. 1413: ix + 50 p. 

Freshwater mussel surveys were conducted in the Sydenham River watershed between 
June 26, 2012 and August 24, 2015 as part of the first monitoring event of Fisheries and 
Oceans Canada’s Unionid Monitoring and Biodiversity Observation (UMBO) network. A 
systematic sampling approach was employed by dividing the area (375 m2) into 25 
blocks, each 3 m x 5 m in size. Three quadrats were randomly selected for excavation, 
and those same three quadrats were excavated within each block. A total of 10,277 
individuals representing 31 live species were found across 13 sites (three on Bear 
Creek and 10 on the East Sydenham River). Twelve species at risk (SAR) were 
detected and represented 37% of all individuals found. The most abundant common 
species and SAR in Bear Creek were Amblema plicata (Threeridge) and Quadrula 
quadrula (Mapleleaf). In the East Sydenham River, the most common species and SAR 
were Lasmigona costata (Flutedshell) and Cyclonaias tuberculata (Purple Wartyback). 
In addition, one UMBO site was completely sampled for mussels (i.e., all 375 m2 
excavated) and over 6,000 individuals representing 25 species, including 10 SAR, were 
observed. This monitoring event represents an important step in the collection of trend-
through-time data and is imperative to understanding and managing mussel species in 
the Sydenham River watershed.   
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RESUMÉ 
 
McNichols-O’Rourke, K.A. and Morris, T.J. 2024. 2012–2015 Unionid Monitoring and 
Biodiversity Observation (UMBO) network assessment in the Sydenham River 
watershed, Ontario. Can. Data Rep. Fish. Aquat. Sci. 1413: ix + 50 p. 

Des relevés des moules d’eau douce ont été effectués dans le bassin versant de la 
rivière Sydenham entre le 26 juin 2012 et le 24 août 2015 dans le cadre de la première 
activité de surveillance du réseau de surveillance des unionidés et d’observation de la 
biodiversité (UMBO) de Pêches et Océans Canada. Une méthode d’échantillonnage 
systématique a été utilisée et la zone a été divisée en 25 blocs (d’une superficie de 
375 m2) de 3 m sur 5 m. Dans chaque bloc, trois quadrats ont été sélectionnés au 
hasard pour une excavation complète. Au total, 10 278 individus représentant 
31 espèces vivantes ont été observés sur 13 sites (trois sur le ruisseau Bear et dix sur 
la rivière East Sydenham). Douze espèces en péril ont été détectées et représentaient 
37 % de tous les individus observés. Les espèces communes et les espèces en péril 
les plus répandues dans le ruisseau Bear étaient l’amblème à trois côtes et la mulette 
feuille-d’érable. Dans la rivière East Sydenham, les espèces communes et les espèces 
en péril les plus courantes étaient la lasmigone cannelée et la mulette verruqueuse. Un 
site de l’UMBO a également fait l’objet d’un échantillonnage complet (visant la totalité 
des 375 m2 excavés) pour la recherche de moules et plus de 6 000 individus 
représentant 25 espèces, dont 10 espèces en péril, ont été observés. Cette activité de 
surveillance marque une étape importante dans la collecte de données sur l’évolution 
des tendances dans le temps et elle est essentielle à la compréhension et à la gestion 
des espèces de moules présentes dans le bassin hydrographique de la rivière 
Sydenham. 
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INTRODUCTION 

Freshwater mussels (Bivalvia; Unionida) play an important ecological and 
engineering role in aquatic ecosystems (Vaughn 2018) by providing chemical and 
physical habitat, cycling nutrients, modifying food webs, and biofiltration to name a few. 
They are also one of the most globally imperiled taxa with declines attributed to 
pollution, habitat degradation and modification, degraded water quality, invasive 
species, climate change, and loss of host fishes (Ferreira-Rodríguez et al. 2019; Böhm 
et al. 2020; COSWIC 2021). Ferreira-Rodríguez et al. (2019) noted that ~57% of the 
535 freshwater mussel species assessed by the International Union for Conservation of 
Nature in 2017 were either considered at-risk (~40%) or data deficient (~17%). 
According to Lopes-Lima et al. (2018), 67% of North American species are threatened 
and near-threatened. In Canada, there are 55 species of freshwater mussels and 37% 
of those have been assessed by the Committee on the Status of Endangered Wildlife in 
Canada (COSEWIC) as at-risk (extinct, endangered, threatened, or special concern; 
Government of Canada 2023). 

Ontario is considered the Canadian “hotspot” for freshwater mussels as it is 
home to 41 species, 16 of which have been assessed as species at risk (SAR) by 
COSEWIC (Table 1; Government of Canada 2023). Despite their place at the centre of 
Canadian mussel richness, Ontario rivers received little survey attention during the first 
half of the last century. Detweiler (1918) undertook the first broadscale surveys across 
southwestern Ontario in 1916 and Larocque and Oughton (1937) summarized the state 
of the fauna for much of the province two decades later. While scattered surveys 
occurred over the subsequent decades (e.g., Kidd 1973; Mackie and Topping 1988; 
Mackie 1996, Morris 1996; Metcalfe-Smith et al. 1998; 1999; Morris and Di Maio 1998-
1999; Metcalfe-Smith et al. 2000 a;b) it wasn’t until the early part of the current century 
that survey efforts became more intensive (McGoldrick and Metcalfe-Smith 2004; Morris 
et al. 2012a; b; McNichols-O’Rourke et al. 2012; Minke-Martin et al. 2012; Sheldon et al. 
2020). One important exception to this pattern is the Sydenham River, which received 
more survey attention than most (Clarke 1973; Mackie and Topping 1988; Clarke 1992; 
Dextrase et al. 2003; Metcalfe-Smith et al. 2003; Staton et al. 2003; Metcalfe-Smith et 
al. 2007; McNichols 2007; Woolnough 2002).   

The Sydenham River supports one of the most diverse mussel and fish 
communities in all of Canada (Dextrase et al. 2003). Clarke (1992) referred to it as 
“…the richest system for Unionidae in Canada and one of the richest small river 
systems in North America”. As such, in 1999, the Sydenham River Recovery Team was 
formed to create a National Recovery Strategy for Species at Risk in the Sydenham 
River using an ecosystem approach (Dextrase et al. 2003). Since 1997, 33 extant 
freshwater mussel species have been observed in the Sydenham River, including 14 
that are considered at-risk (Table 1). Given the importance of this river, a long-term 
monitoring program, now known as the Unionid Monitoring and Biodiversity Observation 
(UMBO) network, was established within the watershed in 1999 by Environment 
Canada. The goal of the network was to collect baseline information to track changes 
through time for a number of variables (e.g., species density and richness, habitat 
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changes). Fifteen sites were selected in the Sydenham River watershed and originally 
surveyed between 1999–2003: three in Bear Creek and 12 in the East Sydenham River 
(Figure 1; Metcalfe Smith et al. 2007). Thirteen of these sites (all three in Bear Creek 
and 10 in the East Sydenham River) were surveyed a second time between 2012–2015; 
however, these surveys were completed by Fisheries and Oceans Canada (DFO). DFO 
became responsible for the protection, recovery, and conservation of all aquatic species 
listed under the federal Species at Risk Act (SARA) when it came into effect in 2003. 
Given this responsibility, freshwater mussel survey responsibilities transitioned from 
Environment Canada to DFO in 2004. 

The information in this data report summarizes results of the second survey (first 
monitoring event) for 13 UMBO network sites in the Sydenham River sampled between 
2012 and 2015.   

METHODS 

SYDENHAM RIVER 
The Sydenham River watershed is part of the Lake Erie basin and is located in 

southwestern Ontario. It drains an area of approximately 2,700 km2 and is relatively 
undisturbed by industrial development as land use is over 85% agricultural (SCRCA 
2024). The Sydenham River has two main branches—the North Sydenham River and 
the East Sydenham River—that meet in Wallaceburg, Ontario and drain into Lake St. 
Clair (Dextrase et al. 2003). The East Sydenham River, the larger of the two branches, 
has a higher number of mussel species (SCRCA 2024). This has been attributed in part 
to the difference in substrates and therefore available habitat (SCRCA 2024). The East 
Sydenham River is made up of a variety of substrates (e.g., gravel, sand, silt, clay) and 
habitat (e.g., riffle, run, pool) types, whereas the North Sydenham River is largely silt 
and clay substrate with only few riffle habitats that are considered low quality (Fisheries 
and Oceans Canada 2018). There are two main tributaries on the North Sydenham 
River: Bear Creek and Black Creek. All three UMBO sites on the North Sydenham River 
are located in Bear Creek. Although the East Sydenham River has a number of smaller 
tributaries, all UMBO sites were located on the main stem.  

SAMPLING METHODS 
Sampling followed the methods of Metcalfe-Smith et al. (2007) in areas 

previously surveyed using the same technique that was employed in 1999–2003 (see 
Appendix A for a list of original site coordinates). A visual search of the area was used 
to confirm the continued presence of mussels within the plot area before setup 
occurred. The sampling protocol delineated a 375 m2 area, where a systematic 
sampling approach was employed by dividing the area into 25 blocks, each 3 m x 5 m in 
size. Three 1 m2 quadrats were randomly selected, using a random number generator, 
for complete excavation (Figure 2). Those same three quadrats were excavated in each 
block at a given site. The surveyed area was always sampled in the upstream direction 
and each quadrat was surveyed using four different techniques in the following order: 
(1) visual search with the naked eye; (2) visual search with a viewing box/aquascope; 
(3) excavation to a depth of 10-15 cm; and (4) final search with a viewing 
box/aquascope to see if any mussels were missed or dislodged during excavation. All 
mussels found at each step were identified to species, sexed visually (if possible), and 
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measured (maximum length) using Vernier calipers. Species that were not sexually 
dimorphic were not sexed. Any shells or valves found were also identified to species 
and recorded if no live individuals of the species were observed. Vouchers were 
collected following the methods of Morris et al. (2022). After processing, all live mussels 
were returned to the same 1 m2 area from which they were collected.  

Prior to mussel sampling, site data including air temperature, wind speed (Kestrel 
2000 Pocket Wind Meter), water temperature and chemistry (EXO2 multiparameter YSI) 
were collected. Different information for each specific quadrat was collected before and 
after excavation. Prior to excavation, water velocity (m/s) using an OTT MF Pro flow 
meter (OTT HydroMet, Kempten, Germany), depth (m) using a metre stick, and water 
clarity (m) using a 0.60 m turbidity tube were recorded. Information collected after 
quadrat excavation included a visual estimate of substrate composition (%) using 
Stanfield (2010) substrate class categories, degree of siltation (absent, slight, medium, 
heavy), degree of algal growth (absent, present, abundant [> 50% coverage]), shading 
(dense, partly open, open), and the presence or absence of aquatic macrophytes. Any 
information not collected or mis-collected were not included in summaries.  

 In 2012, one site (SR-06) was completely excavated and sampled for mussels 
throughout the entire 375 m2 area to evaluate the quadrat-based protocol (see Reid and 
Morris 2017). Methods for mussel excavation and identification were followed as 
described above for all 375 m2; however, specific quadrat habitat information was only 
collected for the three randomly sampled quadrats in each block.  

DATA ANALYSIS 

Site Density  
As described in Goguen et al. (2022), mean site density (mussels/m2) was 

calculated for each site. Density of each block (𝐷𝐷𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏) at each site was calculated from 
Thompson (1992) using the following formula:  

[1]  𝐷𝐷𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = τ
𝐴𝐴
 

where τ is the total number of freshwater mussels in the block and 𝐴𝐴 is the total area 
sampled (i.e., 3 m2). Equation [1] was then used to calculate the mean site density 
using:  

[2]  𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
∑𝐷𝐷𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖

𝑛𝑛
 

where ∑𝐷𝐷𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖 is the summation of block densities within a site and 𝑛𝑛 is the total 
number of blocks surveyed at the site (i.e., 25). Standard error was calculated by 
dividing the standard deviation by the square root of the number of samples (i.e., the 
number of blocks sampled; Zar 1999).  
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Population Size Structure 
 Length frequency distribution graphs were created for two species: the most 
abundant common species and the most abundant SAR in each of Bear Creek and the 
East Sydenham River. 

The proportion of juveniles observed was calculated for Cyclonaias tuberculata 
(Purple Wartyback) in the East Sydenham River as species-specific juvenile length data 
were available from van der Lee et al. (2024) for the Sydenham River population. The 
proportion of juveniles was calculated by combining the total number of C. tuberculata 
across all sites in the East Sydenham River and comparing this to the number of 
juvenile C. tuberculata.   
 

[3] ∝ 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 = ∑𝐽𝐽𝑖𝑖
𝑛𝑛

 
 
where ∑ 𝐽𝐽𝑖𝑖 is the number of juvenile C. tuberculata (individuals under a length of 53.2 
mm) and n is the total number of C. tuberculata found from all sites within the East 
Sydenham River. 

RESULTS 

Between June 26, 2012 and August 24, 2015, 13 sites were sampled in the 
Sydenham River watershed. Three sites were located in the North Sydenham River on 
Bear Creek and 10 sites were located in the East Sydenham River (Table 2, Figure 1). 
Two sites, SR-20 and SR-21, were not sampled due to the difficult and expensive 
survey requirements (use of SCUBA gear). A total of 10,277 mussels representing 31 
live species, including 12 SAR, were found across all 13 UMBO sites using the standard 
protocol (three 1 m2 quadrats excavated in each block at each; Tables 3, 4). One 
additional species, Lampsilis fasciola (Wavyrayed Lampmussel), was detected as a 
weathered shell. Appendix B contains detailed species information on each site 
including the year sampled, number of blocks and quadrats, abundance, relative 
abundance, density, frequency of occurrence, and minimum and maximum lengths 
(mm) for each species. 

BEAR CREEK  
A total of 640 individuals were found across three sites (Table 2) in Bear Creek, 

representing 16 species (Table 3). Three of these species were SAR (Cambarunio iris 
[Rainbow], Pleurobema sintoxia [Round Pigtoe], and Quadrula quadrula [Mapleleaf]) 
which made up ~9% of all individuals found. A weathered shell from Ortmanniana 
ligamentina (Mucket) was also found.  

Abundance and species richness across the three sites in Bear Creek ranged 
from 129–373 and 5–11, respectively. Site SR-15 had the highest abundance (n = 373) 
making up 58% of the mussels found in Bear Creek. The site with the lowest abundance 
(n = 129) was SR-09. Species richness was lowest at SR-13 (n = 5) and highest at SR-
15 (n = 11), with O. ligamentina represented as a shell only (Table 3). Mean site density 
(± standard error) ranged from 1.79 (± 0.36) mussels/m2 at SR-09 to 4.97 ± 0.62 
mussels/m2 at SR-15 (Table 5).  
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The most abundant common species in Bear Creek was Amblema plicata 
(Threeridge), with 240 individuals observed and a relative abundance of 37.5%. 
Amblema plicata lengths ranged from 27.1–171.4 mm (Figure 3). The most abundant 
SAR was Q. quadrula with 57 individuals observed and a relative abundance of almost 
9%. All of these individuals occurred at a single site, SR-13, with lengths ranging from 
26.7–122.22 mm (Figure 4, Appendix B).  

Air temperature and water quality measurements were not consistently recorded 
at all sites on Bear Creek (Table 6). Air temperature at SR-15 in 2015 was recorded at 
30.2 °C. Water temperature ranged from 20.4–26.8 °C at the two sites where it was 
recorded. Conductivity and total dissolved solids (TDS), ranged from 575 to 702.1 
µs/cm, and 410 to 456 mg/L, respectively. Salinity was recorded as 031 psu at a single 
site. Dissolved oxygen (% and mg/L) ranged from 64.5–71.7% and 5.14–6.46 mg/L at 
two sites, respectively, and pH ranged from 7.94–8.61 when recorded. Turbidity was 
recorded at a single site and was 40.5 fnu. Table 7 summarizes the mean water 
velocity, depth, water clarity, and substrate composition per square metre across all 
three sites sampled. SR-09 had the highest mean water velocity at 0.09 ± 0.02 m/s and 
mean water clarity at 0.83 ± 0.01 m. SR-15 was the deepest site averaging 0.53 ± 0.03 
m across quadrats. Gravel and clay were the most abundant substrate across all three 
sites, making up over 50% of the substrate. Siltation, algal growth, shading, and the 
presence of aquatic macrophytes varied across quadrats and sites (Table 7).  

EAST SYDENHAM RIVER 
A total of 9,637 individuals representing 31 live species were found at the 10 

sites surveyed in the East Sydenham River (Table 4). Thirteen of these were SAR with 
3,745 individuals observed, making up ~39% of the assemblage. On additional species, 
L. fasciola, was collected as a weathered shell brining the total species richness count 
to 32.  

Abundance and species richness across the 10 sites in the East Sydenham River 
ranged from 165–2,309 and 18–27 species, respectively. Site SR-19 had the highest 
abundance (n = 2,309) making up 24% of the mussels found in the East Sydenham 
River, whereas SR-03 had the lowest abundance (n = 165). The site with the lowest 
species richness was SR-02 (n = 18) and the highest was SR-12 (n = 27), with four 
species (Obovaria subrotunda [Round Hickorynut], Pyganodon grandis [Giant Floater], 
Simpsonaias ambigua [Salamander mussel], and Utterbackia imbecillis [Paper 
Pondshell]) observed as shells/valves only (Table 4). Mean site density (± standard 
error) on the East Sydenham River ranged from 2.39 (± 0.44) mussels/m2 at SR-03 to 
30.79 (± 2.44) mussels/m2 at SR-19 (Table 8).  

Lasmigona costata (Flutedshell) was the most common species observed in the 
East Sydenham River with 2,003 individuals found across all 10 sites (Table 4). Lengths 
ranged from 11–196.7 mm (Figure 5). Cyclonaias tuberculata was the most abundant 
SAR with 1,896 individuals observed. Lengths ranged from 12–198.9 mm with almost 
11% (n = 221) classified as juveniles (< 53.2 mm; Figure 6).  

Environmental data collected once at each site prior to quadrat sampling were 
not consistently recorded. Table 9 summarizes the information recorded at each of the 
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10 sites. Air and water temperature ranged from 14.5–25.2 °C and 18.50–24.90 °C, 
respectively. EXO2 multiparameter YSI water quality measurements were only 
measured for four sites and details can be found in Table 9. In the East Sydenham 
River, mean (± standard error) water velocity ranged from 0.24 (± 0.02) m/s at SR-10 to 
0.44 (± 0.02) m/s at SR-19, mean depth from 0.15 (± 0.01) m at SR-07 to 0.61 (± 0.01) 
m at SR-12, and mean water clarity from 0.05 (± 0.001) m at SR-03 to 0.26 (± 0.01) m 
at SR-17 (Table 10). Eighty percent of substrate in the East Sydenham River was made 
up of sand, gravel, and cobble (Table 10). Descriptive ranges of siltation, algal growth, 
shading, and presence of aquatic macrophytes were variable among sites and are 
shown in Table 10. 

FULL EXCAVATION – SR-06 
A single site, SR-06, was fully excavated (all 375 m2) for mussels during the 2012 

sampling. This was done to create a census dataset to use as a comparison to the 
standard protocol (three 1 m2 quadrats excavated per block = 75 m2) described above 
(Reid and Morris 2017). Twenty-five species, including 10 SAR, were found, totalling 
6,178 mussels (Table 11). Species at risk represented 56% of the mussels detected. 
The dominant species observed was the threatened C. tuberculata (n = 2,616), which 
had a relative abundance of 42%. The second most abundant species was the common 
L. costata (n = 746) with a relative abundance of 12%. Mean density (± standard error) 
at SR-06 was 16.47 (± 1.72) mussels/m2 (Table 12). 

The only water quality parameter recorded at SR-06 was air temperature, which 
was 24.1°C at the start of the sampling period (Table 9). Habitat data were only 
collected for the three random quadrats (i.e., not all quadrats excavated) chosen before 
the survey began and are presented in Table 10.  



7 
 

ACKNOWLEDGEMENTS 
 
The authors would like to thank Riley Magee, Christina Enger, Julia Kobetitch, Julie 
Vanden Byllaardt, Andrew Darcy, Alexa Sylvestre, Markian Loza, Meg Sheldon, Mandy 
Gibson, and the St. Clair Region Conservation Authority for their field assistance. We 
thank Courtney Malcom, Amanda Brumpton, Scott Gibson, Gina McVeigh, Brydon 
McVeigh, Phil Bird, and Sierra Gillies for field assistance during the full excavation at 
SR-06 in 2012. We thank Natalie Elliott-Friesen and Livia Collinson for the help with 
data organization and Julia Colm for map creation. The authors also want to honour and 
recognize the deep history, culture, and contributions of the Indigenous Peoples who 
have cared for these lands, waters, and resources for many generations. The work 
conducted between 2012–2015 in the Sydenham River took place on the traditional 
territory of the Anishinaabeg, Haudenosaunee, Lunaapeewak, and Attawandaron 
peoples. Thanks to the reviewers Jessica Epp-Martindale and Erin Carroll for providing 
feedback on this report. Financial support for this project was provided by Fisheries and 
Oceans Canada’s Species at Risk Program.  

 

 

  



8 
 

REFERENCES 
 
Böhm, M., Dewhurst-Richman, N.I., Seddon, M., Ledger, S.E.H., Albrecht, C., Allen, D., 

Bogan, A.E., Cordeiro, J., Cummings, K.S., Cuttelod, A., Darrigran, G., Darwall, 
W., Fehér, Z., Gibson, C., Graf, D.L., Köhler, F., Lopes-Lima, Pastorino, G., Perez, 
K.E., Smith, K., van Damme, D.,  Vinarski, M.V.,  von Proschwitz, T., von Rintelen, 
T., Aldridge, D.C., Aravind, N.A., Budha, P.B., Clavijo, C., Van Tu, D., Gargominy, 
O., Ghamizi, M., Haase, M., Hilton-Taylor, C., Johnson, P.D., Kebapçı, Ü., Lajtner, 
J., Lange, C.N., Lepitzki, D.W.A., Martínez-Ortí, A., Moorkens, E.A., Neubert, E., 
Pollock, C.M., Prié, V., Radea, C., Ramirez, R., Ramos, M.A., Santos, S.B., 
Slapnik, R., Son, M.O., Stensgaard, A.-S., and Collen, B. 2020. The conservation 
status of the world’s freshwater molluscs. Hydrobiol. 848: 3231–3254. 
doi:10.1007/s10750-020-04385-w. 

Clarke, A.H. 1973. On the distribution of Unionidae in the Sydenham River, southern 
Ontario, Canada. Malacol. Rev. 6: 63–64. 

Clarke, A.C. 1992. Ontario’s Sydenham River, an important refugium for native freshwater 
mussels against competition from the Zebra Mussel, Dreissena polymorpha. 
Malacol. Data Net 3: 43–55. 

COSEWIC. 2021. COSEWIC assessment and status report on the Purple Wartyback 
Cyclonaias tuberculata in Canada. Committee on the Status of Endangered 
Wildlife in Canada. Ottawa. X + 64 pp. Available from 
https://www.canada.ca/en/environment-climate-change/services/species-risk-
public-registry.html [accessed 15 February 2023]. 

Detweiler, J.D. 1918. The Pearly Fresh-Water Mussels of Ontario. Supplement to the 7th 
annual report of the Department of the Naval Service Fisheries Branch, 
Contributions to Canadian Biology. Sessional Paper No. 38a. 1917–18: 75–92. 

Dextrase, A.J., Staton, S.K., and Metcalfe-Smith, J.L. 2003. National recovery strategy 
for species at risk in the Sydenham River: an ecosystem approach. National 
Recovery Plan No. 25. Recovery of Nationally Endangered Wildlife (RENEW). 
Ottawa, Ontario. 73 pp. 

Ferreira-Rodríguez, N., Akiyama, Y.B., Aksenova, O.V., Araujo, R., Barnhart, M.C., 
Bespalaya, Y.V., Bogan, A.E., Bolotov, I.N., Budha, P.B., Clavijo, C., Clearwater, 
S.J., Darrigran, G., Do, V.T., Douda, K., Froufe, E., Gumpinger, C., Henrikson, L., 
Humphrey, C.L., Johnson, N.A., Klishko, O., Klunzinger, M.W., Kovitvadhi, S., 
Kovitvadhi, U., Lajtner, J., Lopes-Lima, M., Moorkens, E.A., Nagayama, S., Nagel, 
K.-O., Nakano, M., Negishi, J.N., Ondina, P., Oulasvirta, P., Prié, V., Riccardi, N., 
Rudzīte, M., Sheldon, F., Sousa, R., Stayer, D.L., Takeuchi, M., Taskinen, J., 
Teixeira, A., Tiemann, J.S., Urbańska, M., Varandas, S., Vinarski, M.V., Wicklow, 
B.J., Zając, T., and Vaughn, C.C. 2019. Research priorities for freshwater mussel 
conservation assessment. Biol. Conserv. 231: 77–87. 
doi:10.1016/j.biocon.2019.01.002. 

https://doi.org/10.1007/s10750-020-04385-w
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry.html
https://www.canada.ca/en/environment-climate-change/services/species-risk-public-registry.html
https://doi.org/10.1016/j.biocon.2019.01.002


9 
 

Fisheries and Oceans Canada. 2018. Action Plan for the Sydenham River in Canada: An 
Ecosystem Approach. Species at Risk Act Action Plan Series. Fisheries and 
Oceans Canada, Ottawa. iv + 36 pp. 

Goguen, M.N., McNichols-O’Rourke, K.A., and Morris, T.J. 2022. Tracking the recovery 
of freshwater mussels in the Saugeen River watershed: a comparison of long-term 
monitoring sampling events in 2011 and 2019. Can. Manuscr. Rep. Fish. Aquat. 
Sci. 3242: vi + 33 p. 

Government of Canada. 2023. Species at Risk Public Registry. Available from  

https://species-registry.canada.ca/index-
en.html#/species?taxonomyId=9&sortBy=commonNameSort&sortDirection=asc&
currentPage=5&pageSize=10 [accessed 15 February 2023]. 

Government of Ontario. 2023. Species at Risk in Ontario (SARO) List. Ministry of the 
Environment, Conservation and Parks.  Available from 
https://www.ontario.ca/page/species-risk-
ontario?name=Fish+and+Mussels#section-6 [accessed 15 February 2023]. 

Kidd, B.T. 1973. Unionidae of the Grand River drainage, Ontario, Canada. Master’s 
thesis, University of Carleton. xvi + 172 pp. 

LaRocque, A., and Oughton, J. 1937. Preliminary account of the Unionidae of Ontario. 
Can. J. Res. 15: 147–155. 

Lopes-Lima, M., Burlakova, L., Karatayev, A., Mehler, K., Seddon, M., and Sousa, R. 
2018. Conservation of freshwater bivalves at the global scale: diversity, threats 
and research needs. Hydrobiol. 810(1):1–14. doi:10.1007/s10750-017-3486-7  

Mackie, G.L. 1996. Diversity and status of Unionidae (Bivalvia) in the Grand River, a 
tributary of Lake Erie, and its drainage basin. Prepared for Ontario Ministry of 
Natural Resources. Peterborough, Ontario. iv + 39 pp. 

Mackie, G.L., and Topping, J.M. 1988. Historical changes in the unionid fauna of the 
Sydenaham River watershed and downstream changes in shell morphometrics of 
three common species. Can. Field-Nat. 102(4): 617–626. 

McGoldrick, D.J., and Metcalfe-Smith, J.L. 2004. Freshwater mussel communities of the 
Maitland River, Ontario. Report to the Interdepartmental Recovery Fund, DFO's 
Species at Risk Program (SARCEP), the Maitland Valley Conservation Authority 
and the Ontario Ministry of Natural Resources. 19 p.  

McNichols, K.A. 2007. Implementing recovery strategies for mussel species at risk in 
Ontario. Master’s thesis, University of Guelph. 170 pp. 

McNichols-O’Rourke, K.A., Robinson, A., and Morris, T.J. 2012. Summary of freshwater 
mussel timed search surveys in southwestern Ontario in 2010 and 2011. Can. 
Manuscr. Rep. Fish. Aquat. Sci. 3009: vi + 42 p. 

https://species-registry.canada.ca/index-en.html#/species?taxonomyId=9&sortBy=commonNameSort&sortDirection=asc&currentPage=5&pageSize=10
https://species-registry.canada.ca/index-en.html#/species?taxonomyId=9&sortBy=commonNameSort&sortDirection=asc&currentPage=5&pageSize=10
https://species-registry.canada.ca/index-en.html#/species?taxonomyId=9&sortBy=commonNameSort&sortDirection=asc&currentPage=5&pageSize=10
https://www.ontario.ca/page/species-risk-ontario?name=Fish+and+Mussels#section-6
https://www.ontario.ca/page/species-risk-ontario?name=Fish+and+Mussels#section-6
https://doi.org/10.1007/s10750-017-3486-7


10 
 

Metcalfe-Smith, J.L., Staton, S.K., Mackie, G.L., and West, E.L. 1998. Assessment of the 
current conservation status of rare species of freshwater mussels in southern 
Ontario. NWRI Contribution No. 98-019. 

Metcalfe-Smith, J.L., Staton, S.K., Mackie, G.L., and Scott, I.M. 1999. Range, population 
stability and environmental requirements of rare species of freshwater mussels in 
Southern Ontario. Report to the World Wildlife Fund Canada. NWRI Contribution 
No. 99-058. 

Metcalfe-Smith, J.L. Di Maio, J.D., Staton, S.K., and Mackie, G.L. 2000a. Effect of 
sampling effort on the efficiency of the timed search method for sampling 
freshwater mussel communities. J. N. Am. Benthol. Soc. 19: 725–732. 

Metcalfe-Smith, J.L., Mackie, G.L., Di Maio, J., and Staton, S.K. 2000b. Changes over 
time in the diversity and distribution of freshwater mussels (Unionidae) in the 
Grand River, southwestern Ontario. J. Gt. Lakes Res. 26(4): 445–459. 

Metcalfe-Smith, J.L., Di Maio, J., Staton, S.K., and De Solla, S.R. 2003. Status of the 
freshwater mussel communities of the Sydenham River, Ontario, Canada. The Am. 
Midl. Nat. 150: 37–850. 

Metcalfe-Smith, J.L., McGoldrick, D.J., Zanatta, D.T., and Grapentine, L.C. 2007. 
Development of a monitoring program for tracking the recovery of endangered 
freshwater mussels in the Sydenham River, Ontario. Prepared for the Sydenham 
River Recovery Team, the Interdepartmental Recovery Fund and Fisheries and 
Oceans Canada. NWRI Contribution No. 07-510. 

Minke-Martin, V., Morris, T.J., and McNichols-O’Rourke, K.A. 2012. A preliminary survey 
of the freshwater mussels (Unionidae) of the Nottawasaga River watershed. Can. 
Manuscr. Rep. Fish. Aquat. Sci. 2994: v + 22 p. 

MolluscaBase eds. 2023. MolluscaBase. Available from https://www.molluscabase.org/  
[accessed 15 February 2023].  

Morris, T.J. 1996. The unionid fauna of the Thames River drainage, southwestern, 
Ontario. Report prepared for Lands and Natural Heritage Branch, Ontario Ministry 
of Natural Resources. iv + 38 pp.  

Morris, T.J., and Di Maio, J. 1998–1999. Current distributions of freshwater mussels 
(Bivalvia: Unionidae) in rivers of southwestern Ontario. Malacol. Rev. 31/32: 9–17. 

Morris, T.J., McNichols-O’Rourke, K.A., and Robinson, A. 2012a. A preliminary survey of 
the freshwater mussels of the Welland River watershed in 2008. Canadian 
Manuscr. Rep. Fish. Aquat. Sci. 2991: iv + 11 p. 

Morris, T.J., McNichols-O’Rourke, K.A., and Robinson, A. 2012b. A preliminary survey of 
the freshwater mussels of the Bayfield River watershed and nearby Lake Huron 
tributaries. Can. Manuscr. Rep. Fish. Aquat. Sci. 2993: v + 22 p.  

https://www.molluscabase.org/


11 
 

Morris, T.J., Martel, A.L., Wilson, G., Goguen, M.N., McNichols-O’Rourke, K.A., and 
Colm, J.E. 2022. Guidance on the collection of freshwater mussel (Bivalvia: 
Unionida) vouchers within Canada. Can. Manuscr. Rep. Fish. Aquat. Sci. 3241: v 
+ 15 p. 

Reid, S.M., and Morris, T.J. 2017. Tracking the recovery of freshwater mussel diversity in 
Ontario rivers: evaluation of a quadrat-based monitoring protocol. Divers. 9: 1–17. 

Sheldon, M.N., McNichols-O’Rourke, K.A., and Morris, T.J. 2020. Summary of initial 
surveys at index stations for long-term monitoring of freshwater mussels in 
southwestern Ontario between 2007 and 2018. Can. Manuscr. Rep. Fish. Aquat. 
Sci. 3203: vii + 85 p. 

Stanfield, L. 2010. Ontario stream assessment protocol. Version 8. Fisheries Policy 
Section. Ontario Ministry of Natural Resources. Peterborough, Ontario, Canada. 
Available from https://docs.ontario.ca/documents/2575/226871.pdf [accessed 14 
February 2022]. 

Staton, S.K., Dextrase, A., Metcalfe-Smith, J.L., Di Maio, J., Nelson, M., Parish, J., 
Kilgour, B., and Holm, E. 2003. Status and trends of Ontario’s Sydenham River 
ecosystem in relation to aquatic species at risk. Environ. Monit. Assess. 88: 283–
310. 

[SCRCA] St. Clair Region Conservation Authority. 2024. The Sydenham River 
Watershed. Available from 
https://www.sydenhamriver.on.ca/#:~:text=Upstream%20from%20Wallaceburg%
2C%20the%20North,to%20its%20source%20near%20Inwood [accessed 09 
January 2023]. 

Thompson, S.K. 1992. Sampling. John Wiley & Sons, Inc., Toronto, ON. 

van der Lee, A.S., Goguen, M.N., McNichols-O’Rourke, K.A., Morris, T.J., and Koops, 
M.A. 2024. Evaluating the status and population biology of an imperiled freshwater 
mussel, Purple Wartyback (Cyclonaias tuberculata), in southern Ontario. Freshw. 
Mollusk Biol. Conserv. 27: 27–38. doi:10.31931/fmbc-d-22-00005 

Vaugh, C.C. 2018. Ecosystem services provided by freshwater mussels. Hydrobiol. 
810:15–27. doi:10.1007/s10750-017-3139-x  

Woolnough, D.A. 2002. Life history of endangered freshwater mussels of the Sydenham 
River, southwestern Ontario, Canada. Master’s thesis, University of Guelph. 128 
pp.  

Zar, J.H. 1999. Biostatistical Analysis: fourth edition. Prentice Hall, Inc. Upper Saddle 
River, New Jersey, U.S.A. 

 

https://docs.ontario.ca/documents/2575/226871.pdf
https://www.sydenhamriver.on.ca/#:%7E:text=Upstream%20from%20Wallaceburg%2C%20the%20North,to%20its%20source%20near%20Inwood
https://www.sydenhamriver.on.ca/#:%7E:text=Upstream%20from%20Wallaceburg%2C%20the%20North,to%20its%20source%20near%20Inwood
https://doi.org/10.31931/fmbc-d-22-00005
https://doi.org/10.1007/s10750-017-3139-x


12 
 

Table 1. Mussel species found in Ontario and the current and historic (before 1997) occurrence of these species in the Sydenham River (updated from McNichols-
O’Rourke et al. 2012). Species at Risk (SAR) are highlighted with their current COSEWIC assessment, federal Species at Risk Act (SARA) listing (Government of 
Canada 2023), and provincial Endangered Species Act (ESA) listing (Government of Ontario 2023) as of February 2024. UC indicates species that are under 
consideration for listing. Species found live in the watershed are indicated by Y, species not found by N, and species known only as shells/valves in the watershed 
by SH. Nomenclature here and throughout follows MolluscaBase eds. (2023). 

Scientific Name Common Name Ontario Sydenham River 
Historic 

Sydenham River 
Current COSEWIC   SARA 

(Federal) 
ESA 

(Provincial) 
Alasmidonta marginata Elktoe Y Y Y    

Alasmidonta undulata Triangle Floater Y N N    

Alasmidonta viridis Slippershell  Y Y SH    

Amblema plicata Threeridge Y Y Y    

Anodontoides ferussacianus Cylindrical Papershell Y Y Y    

Cambarunio iris1 Rainbow Y Y Y Special 
Concern Special Concern Special Concern 

Cyclonaias pustulosa Pimpleback Y Y Y    

Cyclonaias tuberculata Purple Wartyback Y Y Y Threatened UC Threatened 
Elliptio complanata Eastern Elliptio Y N N    

Epioblasma rangiana Northern Riffleshell Y Y Y Endangered Endangered Endangered 
Epioblasma triquetra Snuffbox Y Y Y Endangered Endangered Endangered 
Eurynia dilatata Spike Y Y Y    

Fusconaia flava  Wabash Pigtoe Y Y Y    

Lampsilis cardium Plain Pocketbook Y Y Y    

Lampsilis fasciola Wavyrayed Lampmussel Y Y Y Special 
Concern Special Concern Threatened 

Lampsilis radiata Eastern Lampmussel Y N N    

Lampsilis siliquoidea Fatmucket Y Y Y    

Lasmigona complanata White Heelsplitter Y Y Y    

Lasmigona compressa Creek Heelsplitter Y Y Y    

Lasmigona costata Flutedshell Y Y Y    

Ligumia recta Black Sandshell Y Y Y    

Obliquaria reflexa Threehorn Wartyback Y N Y Threatened Threatened Threatened 
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Table 1. Continued. 
 

Scientific Name Common Name Ontario Sydenham River 
Historic 

Sydenham River 
Current COSEWIC   SARA 

(Federal) 
ESA 

(Provincial) 
Obovaria olivaria Hickorynut Y N N Endangered Endangered Endangered 
Obovaria subrotunda Round Hickorynut Y Y Y Endangered Endangered Endangered 
Ortmanniana ligamentina Mucket Y Y Y    
Paetulunio fabalis2 Rayed Bean Y Y Y Endangered Endangered Endangered 
Pleurobema sintoxia Round Pigtoe Y Y Y Endangered Endangered Endangered 
Potamilus alatus Pink Heelsplitter Y Y Y    

Potamilus fragilis Fragile Papershell Y Y Y    

Ptychobranchus fasciolaris Kidneyshell Y Y Y Endangered Endangered Endangered 
Pyganodon cataracta Eastern Floater Y N N    

Pyganodon grandis Giant Floater Y Y Y    

Pyganodon lacustris Lake Floater Y N N    

Quadrula quadrula Mapleleaf Y Y Y 
4Special 
Concern 

4Special Concern Special Concern 

Sagittunio nasutus3 Eastern Pondmussel Y Y N Special 
Concern Special Concern Special Concern 

Simpsonaias ambigua Salamander Mussel Y Y Y Endangered Endangered Endangered 
Strophitus undulatus Creeper Y Y Y    

Toxolasma parvum Lilliput Y Y Y Endangered Endangered Threatened 
Truncilla donaciformis Fawnsfoot Y SH Y Endangered Endangered Endangered 
Truncilla truncata Deertoe Y Y Y    

Utterbackia imbecillis Paper Pondshell Y Y Y       
Species Richness 41 34 34    

Overall Species Richness 41 35    
Species currently listed under SARA and formerly known as:  
1Villosa iris 
2Villosa fabalis 
3Ligumia nasuta 
4Great Lakes – Upper St. Lawrence population 
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Table 2. Unionid Monitoring and Biodiversity Observation (UMBO) network sites and dates sampled (DD-MMM-YY) in 
Bear Creek and East Sydenham River in southwestern Ontario between 2012–2015 within the Lake St. Clair Drainage. 
Sites are presented in upstream to downstream order. *Only accessible with landowner permission.  

 Site Code Waterbody Latitude Longitude Date Surveyed Original Survey 
Date 

B
ea

r 
C

re
ek

 SR-09 Bear Creek 42.975 -81.97083 09-Jul-2012 12-Sep-2001 
SR-15 Bear Creek 42.9062 -82.11107 17-Jul-2013 12-Aug-2002 
SR-13 Bear Creek 42.84866 -82.2138 24-Aug-2015 12-Aug-2003 

Ea
st

 S
yd

en
ha

m
 R

iv
er

 

SR-01 Sydenham River 42.86063 -81.78848 04-Jul-2012 26-Aug-2002 
SR-10 Sydenham River 42.8472 -81.82283 19-Aug-2013 07-Aug-2001 
SR-02 Sydenham River 42.80654 81.84698 22-Jul-2013 02-Sep-2003 
SR-03 Sydenham River 42.77887 -81.83517 26-Jun-2012 09-Aug-1999 
SR-07* Sydenham River 42.699 -81.989 14-Aug-2013 26-Aug-2003 
SR-17* Sydenham River 42.677687 -82.010922 25-Jul-2012 30-Jul-2001 
SR-05 Sydenham River 42.65007 -82.00903 10-Aug-2015 13-Aug-2003 
SR-19* Sydenham River 42.62678 -82.02304 29-Jul-2013 19-Aug-2002 
SR-06* Sydenham River 42.60517 -82.07483 07-Aug-2012 22-Jul-2002 
SR-12 Sydenham River 42.5892 -82.12808 27-Jul-2015 27-Jul-1999 
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Table 3. Species information for each Unionid Monitoring and Biodiversity Observation 
(UMBO) site surveyed in Bear Creek between 2012–2015. All species recorded from 
the Sydenham River watershed are listed. Sites are presented in upstream to 
downstream order. Species at risk are highlighted. S(#) represents species found as 
complete shells and the number of shells found. V(#) represents species found as 
valves (one half of a complete shell) and the number of valves found. Unknown 
individuals (could not be identified to species) are included in the abundance total, but 
not in the species richness totals. All shells/valves were in weathered condition.  

Scientific name Common Name SR-09 SR-15 SR-13 Grand 
Total 

Alasmidonta marginata  Elktoe 0 0 0 0 
Alasmidonta viridis Slippershell 0 0 0 0 
Amblema plicata Threeridge 64 176 0 240 
Anodontoides 
ferussacianus Cylindrical Papershell 2 0 0 2 

Cambarunio iris Rainbow 1 0 0 1 
Cyclonaias pustulosa Pimpleback 0 1 0 1 
Cyclonaias tuberculata Purple Wartyback 0 0 0 0 
Epioblasma rangiana Northern Riffleshell 0 0 0 0 
Epioblasma triquetra Snuffbox 0 0 0 0 
Eurynia dilatata  Spike 23 0 0 23 
Fusconaia flava Wabash Pigtoe 10 34 0 44 
Lampsilis cardium  Plain Pocketbook 0 1 0 1 

Lampsilis fasciola Wavrayed 
Lampmussel 0 0 0 0 

Lampsilis siliquoidea  Fatmucket 6 50 7 63 
Lasmigona complanata White Heelsplitter 11 29 41 81 
Lasmigona compressa Creek Heelsplitter 0 0 0 0 
Lasmigona costata  Flutedshell 0 2 0 2 
Ligumia recta Black Sandshell 0 0 0 0 
Obliquaria reflexa Threehorn Wartyback 0 0 0 0 
Obovaria subrotunda Round Hickorynut 0 0 0 0 
Ortmanniana ligamentina  Mucket 0 S(1) 0 S(1) 
Paetulunio fabalis Rayed Bean 0 0 0 0 
Pleurobema sintoxia Round Pigtoe 1 2 0 3 
Potamilus alatus Pink Heelsplitter 0 0 0 0 
Potamilus fragilis Fragile Papershell 0 0 2 2 
Ptychobranchus 
fasciolaris Kidneyshell 0 0 0 0 

Pyganodon grandis  Giant Floater 6 72 31 109 
Quadrula quadrula Mapleleaf 0 0 57 57 
Sagittunio nasutus Eastern Pondmussel 0 0 0 0 
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Table 3. Continued. 

Scientific name Common Name SR-09 SR-15 SR-13 Grand 
Total 

Simpsonaias ambigua Salamander Mussel 0 0 0 0 
Strophitus undulatus  Creeper 5 6 0 11 
Toxolasma parvum Lilliput 0 0 0 0 
Truncilla donaciformis Fawnsfoot 0 0 0 0 
Truncilla truncata Deertoe 0 0 0 0 
Utterbackia imbecillis Paper Pondshell 0 0 0 0 
Unknown Unknown V(1) 0 0 V(1) 

Total Abundance 129 373 138 640 
Live Species Richness 10 10 5 15 

Total Species Richness 10 11 5 16 
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Table 4. Species information for each Unionid Monitoring and Biodiversity Observation (UMBO) site surveyed in the East Sydenham River between 2012–2015. 
All species recorded from the Sydenham River watershed are listed. Sites are presented in upstream to downstream order. Species at risk are highlighted. S(#) 
represents species found as complete shells and the number of shells found. V(#) represents species found as valves (one half of a complete shell) and the 
number of valves found. Unknown individuals (could not be identified to species) are included in the abundance total, but not in the species richness totals. All 
shells/valves were in weathered condition.  

Scientific name Common Name SR-01 SR-10 SR-02 SR-03 SR-07 SR-17 SR-05 SR-19 SR-06 SR-12 Grand 
Total 

Alasmidonta marginata Elktoe 6 17 6 2 13 23 33 20 17 1    138 
Alasmidonta viridis Slippershell 0 0 0 0 0 0 0 0 0 0 0 
Amblema plicata Threeridge 58 98 27 27 133 100 116 123 116 66 864 
Anodontoides ferussacianus Cylindrical Papershell 0 1 0 0 0 0 1 0 0 0 2 
Cambarunio iris Rainbow 1 0 1 1 0 0 0 0 0 0 3 
Cyclonaias pustulosa Pimpleback 1 0 0 2 10 12 7 12 7 38 89 
Cyclonaias tuberculata Purple Wartyback 23 41 125 30 95 166 251 646 395 124 1,896 
Epioblasma rangiana Northern Riffleshell 6 25 7 24 11 104 181 90 11 20 479 
Epioblasma triquetra Snuffbox 2 11 5 8 15 34 98 21 13 69 276 
Eurynia dilatata Spike 6 72 46 5 47 128 167 465 120 61 1,117 
Fusconaia flava Wabash Pigtoe 19 21 9 1 28 26 64 41 26 30 265 
Lampsilis cardium Plain Pocketbook 0 3 1 2 0 3 3 9 3 1 25 
Lampsilis fasciola Wavrayed Lampmussel 0 0 0 S(1) 0 0 0 0 0 0 S(1) 
Lampsilis siliquoidea Fatmucket 1 2 0 1 1 0 0 1 0 0 6 
Lasmigona complanata White Heelsplitter 5 5 7 2 61 7 18 18 8 19 150 
Lasmigona compressa Creek Heelsplitter 0 1 0 1 0 0 0 0 0 0 2 
Lasmigona costata Flutedshell 55 67 144 18 603 161 408 334 134 79 2,003 
Ligumia recta Black Sandshell 2 11 2 8 15 12 17 38 16 9 130 
Obliquaria reflexa Threehorn Wartyback 0 0 0 0 0 0 V(1) S(1) 0 2 2 
Obovaria subrotunda Round Hickorynut V(1) 0 0 0 0 V(1) V(4) 0 1 V(9) 1 
Ortmanniana ligamentina Mucket 6 30 6 9 29 57 182 250 31 148 748 
Paetulunio fabalis Rayed Bean 6 34 4 1 66 49 38 19 50 5 272 
Pleurobema sintoxia Round Pigtoe 3 7 3 1 1 6 10 24 3 25 83 
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Table 4. Continued. 

Scientific name Common Name SR-01 SR-10 SR-02 SR-03 SR-07 SR-17 SR-05 SR-19 SR-06 SR-12 Grand 
Total 

Potamilus alatus Pink Heelsplitter 3 3 0 S(1) 13 7 13 18 5 14 76 
Potamilus fragilis Fragile Papershell 9 4 1 7 23 8 29 19 10 14 124 
Ptychobranchus fasciolaris Kidneyshell 5 20 8 12 4 54 69 107 35 147 461 

Pyganodon grandis Giant Floater 24 32 0 1 1 1 3 5 0 S(1) 
V(1) 67 

Quadrula quadrula Mapleleaf 0 2 0 1 58 29 23 33 42 72 260 
Sagittunio nasutus Eastern Pondmussel 0 0 0 0 0 0 0 0 0 0 0 

Simpsonaias ambigua Salamander Mussel 0 0 0 V(1) 5 S(5) 
V(18) 1 1 S(2) 

V(2) V(3) 7 

Strophitus undulatus Creeper 1 0 1 0 0 8 39 12 3 10 74 
Toxolasma parvum Lilliput 0 0 0 0 0 0 0 0 0 0 0 
Truncilla donaciformis Fawnsfoot 0 0 0 0 0 0 0 0 1 4 5 

Truncilla truncata Deertoe 0 0 0 S(1) 
V(2) 0 0 1 1 0 4 6 

Utterbackia imbecillis Paper Pondshell 0 0 0 0 1 0 0 0 0 V(1) 1 
Unknown Unknown 0 0 0 1 0 2 0 1 0 1 5 

Total Abundance 242 507 403 165 1,233 997 1,772 2,308 1,047 963 9,637 
Live Species Richness 21  22  18 22 22 21 24   24 22  23   31  

Total Species Richness 22 22 18 26 22 23 26  25 23 27 32 
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Table 5. Block density (mussels/m2) and mean site density ± standard error 
(mussels/m2) for each Unionid Monitoring and Biodiversity Observation (UMBO) 
network site sampled in Bear Creek between 2012–2015 in the North Sydenham River, 
Ontario. Dashes represent blocks that were not sampled. Sites are presented in 
upstream to downstream order. 

Block SR-09 SR-15 SR-13 
1 1.67 4.33 2.00 
2 1.00 0.67 1.67 
3 1.33 3.67 6.00 
4 0.67 2.67 2.00 
5 2.00 4.00 2.00 
6 1.33 1.33 2.67 
7 0.00 4.00 2.00 
8 1.00 3.67 2.67 
9 1.00 3.00 3.00 
10 0.33 4.00 1.00 
11 0.00 7.33 3.00 
12 0.67 0.67 2.67 
13 0.67 3.33 1.33 
14 1.33 3.33 2.67 
15 2.00 4.67 0.33 
16 4.67 4.00 1.00 
17 2.00 7.67 0.33 
18 1.33 4.67 1.67 
19 2.33 9.33 0.67 
20 6.33 7.00 3.00 
21 1.33 9.33 0.33 
22 7.00 10.67 1.33 
23 1.33 3.00 0.33 
24 1.67 13.00 1.33 
25 - 5.00 1.00 

Mean 1.79 4.97 1.84 
Standard Error 0.36 0.62 0.25 
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Table 6. Site data collected once (before excavation) at each Unionid Monitoring and 
Biodiversity Observation (UMBO) network site during surveys between 2012–2015 in 
Bear Creek on the North Sydenham River, Ontario. Data were not recorded for all 
measurements (-). Sites are presented in upstream to downstream order. 

Water Quality Parameter SR-09 SR-15 SR-13 
Air Temperature (°C) - 30.2 - 
Water Temperature (°C) - 26.8 20.4 
Wind Speed (km/h) - - 4.75 
Conductivity (µs/cm) - 702.1 575 
Total Dissolved Solids (mg/L) - 456 410 
Salinity (psu) - - 0.31 
Dissolved Oxygen (%) - 64.5 71.7 
Dissolved Oxygen (mg/L) - 5.14 6.46 
pH - 7.94 8.61 
Turbidity (fnu) - 40.5 - 
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Table 7. The mean ± standard error or descriptive range of quadrat data (per m2) 
collected before or after quadrat excavation at each Unionid Monitoring and Biodiversity 
Observation (UMBO) network site sample between 2012–2015 in Bear Creek on the 
North Sydenham River, Ontario. Dashes indicate that data were not collected. Sites are 
presented in upstream to downstream order. 

 Quadrat Data SR-09 SR-15 SR-13 

B
ef

or
e Water Velocity (m/s) 0.09 ± 0.02 0.06 ± 0.01 - 

Depth (m) 0.13 ± 0.01 0.53 ± 0.03 0.18 ± 0.01 
Water Clarity (m) 0.83 ± 0.01 0.10 ± 0.003 0.06 ± 0.001 

A
fte

r 

Su
bs

tra
te

 C
om

po
si

tio
n 

(%
) 

Bedrock  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Boulder (>250 mm) 19.59 ± 1.91 2.43 ± 0.60 1.40 ± 0.61 
Cobble (65–250 
mm) 23.80 ± 1.45 11.60 ± 2.21 8.80 ± 1.63 
Gravel (2–65 mm) 23.83 ± 1.00 25.13 ± 2.60 45.43 ± 2.50 
Sand (0.06–2 mm) 16.16 ± 1.13 8.63 ± 1.18 15.97 ± 2.04 
Silt (<0.06 mm) 11.73 ± 0.97 3.47 ± 1.11 6.70 ± 1.03 
Clay  0.32 ± 0.17 48.20 ± 5.41 14.53 ± 2.83 
Muck  0.07 ± 0.07 0.00 ± 0.00 1.27 ± 0.76 
Marl  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Detritus  1.72 ± 0.42 2.53 ± 1.06 5.90 ± 2.31 

Siltation slight–heavy absent–heavy slight–medium 
Algal Growth absent–heavy absent–slight absent–slight 

Shading dense–open dense–open partly open–
open 

Aquatic Macrophytes absent–
present absent–present absent 
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Table 8. Block density (mussels/m2) and site density ± standard error (mussels/m2) for each Unionid Monitoring and 
Biodiversity Observation (UMBO) network site sampled in the East Sydenham River between 2012–2015. Dashes 
represent blocks that were not sampled. Sites are presented in upstream to downstream order. 

Block SR-01 SR-10 SR-02 SR-03 SR-07 SR-17 SR-05 SR-19 SR-06 SR-12 
1 0.67 9.00 5.67 5.00 28.00 15.67 33.33 33.33 14.00 15.33 
2 1.00 5.00 2.33 0.67 35.67 12.00 44.33 18.33 11.00 22.67 
3 2.00 5.67 15.67 1.67 21.00 16.33 24.67 14.33 6.33 11.00 
4 1.67 7.33 0.67 8.00 12.00 12.00 16.00 37.33 14.67 13.00 
5 0.67 6.00 2.00 5.00 9.33 9.67 9.33 27.33 8.67 11.33 
6 2.33 15.00 2.33 0.33 25.00 9.00 28.00 13.00 3.00 10.00 
7 2.00 10.33 2.33 1.33 23.67 13.00 44.00 32.33 31.00 20.00 
8 4.00 10.00 1.67 0.67 19.67 13.00 23.00 27.33 13.00 20.00 
9 6.67 8.67 3.67 0.00 21.67 14.00 9.00 12.00 8.33 10.00 

10 1.33 9.33 2.33 5.33 22.00 7.33 13.67 44.00 16.33 14.67 
11 3.00 10.00 7.67 1.67 9.33 11.67 34.67 18.33 10.67 11.00 
12 1.00 4.67 2.00 0.67 11.67 5.67 34.67 23.00 19.67 9.33 
13 2.33 6.33 6.67 1.67 13.00 13.00 18.33 39.00 14.33 9.33 
14 4.33 6.00 3.00 1.33 19.33 11.33 6.67 33.67 18.00 5.67 
15 2.00 10.33 11.33 4.00 10.00 14.67 10.00 23.00 21.67 8.00 
16 0.67 5.33 4.67 1.33 10.33 14.67 23.33 54.33 11.00 16.67 
17 5.00 4.00 6.00 1.33 19.00 14.33 26.33 33.67 7.33 18.33 
18 2.33 5.33 4.00 1.67 7.67 14.67 37.33 26.67 28.33 19.33 
19 4.00 7.00 4.33 0.00 12.67 17.33 28.67 59.00 15.00 13.33 
20 3.67 4.67 4.00 5.33 21.67 22.00 25.33 48.67 15.00 8.33 
21 10.33 3.00 15.00 2.67 10.33 13.33 17.67 30.33 6.00 8.33 
22 6.33 5.33 6.00 1.67 9.33 13.00 7.33 35.67 22.33 12.00 
23 6.67 4.33 9.67 3.67 19.00 18.00 30.67 37.33 2.67 10.67 
24 6.67 3.67 4.33 - 8.67 10.00 32.67 22.33 23.00 9.67 
25 - 2.67 7.00 - 11.00 16.67 11.67 25.00 7.67 13.00 

Mean 3.36 6.76 5.37 2.39 16.44 13.29 23.63 30.77 13.96 12.84 
Standard 
Error 0.51 0.58 0.79 0.44 1.46 0.70 2.27 2.44 1.48 0.89 
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Table 9. Site data collected once (before excavation) at each Unionid Monitoring and Biodiversity Observation (UMBO) 
network site during surveys between 2012–2015 in the East Sydenham River. Data were not recorded for all 
measurements (-). Sites are presented in upstream to downstream order. 

 

Water Quality Parameter SR-01 SR-10 SR-02 SR-03 SR-07 SR-17 SR-05 SR-19 SR-06 SR-12 
Air Temperature (°C) - 21.70 24.50 - 14.5 - 24.4 19.00 24.1 25.2 
Water Temperature (°C) 24.30 18.50 23.70 24.0 19.7 - 23.7 19.20 - 24.9 
Wind Speed (km/h) - - - - - - -  - 0 
Conductivity (µs/cm) - - 639.4 445 - - 603.0 557.2 - 652.6 
Total Dissolved Solids (mg/L) - - 412.0 - - - 403 36.20 - 426 
Salinity (psu) - - - - - - 0.30 - - 0.32 
Dissolved Oxygen (%) - - 103.3 - - - 97.3 88.10 - 87.2 
Dissolved Oxygen (mg/L) - - 8.71 - - - 8.24 8.12 - 7.20 
pH - - 8.33 - - - 8.54 8.19 - 8.49 
Turbidity (fnu) - - 20.70 - - - 17.27 22.45 - 17.50 
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Table 10. The mean ± standard error or descriptive range of environmental data (per m2) collected before or after quadrat 
excavation at each Unionid Monitoring and Biodiversity Observation (UMBO) network site sampled between 2012–2015 in 
the East Sydenham River, Ontario. Dashes indicate that data were not collected. Sites are presented in upstream to 
downstream order. 
 

  

Quadrat Data SR-01 SR-10 SR-02 SR-03 SR-07 

B
ef

or
e Water Velocity (m/s) 0.25 ± 0.02 0.24 ± 0.02 0.40 ± 0.03 - 0.33 ± 0.02 

Depth (m) 0.32 ± 0.01 0.26 ± 0.02 0.25 ± 0.01 0.40 ± 0.02 0.15 ± 0.01 
Water Clarity (m) 0.075 ± 0.001 0.21 ± 0.01 0.24 ± 0.01 0.05 ± 0.00 0.22 ± 0.01 

A
fte

r 

Su
bs

tra
te

 C
om

po
si

tio
n 

(%
) Bedrock 0.00 ± 0.00 0.00 ± 0.00 14.33 ± 4.26 0.00 ± 0.00 0.60 ± 0.37 

Boulder (>250 mm) 6.67 ± 1.56 21.53 ± 2.48  7.91 ± 1.51 25.88 ± 3.13 7.67 ± 1.92 
Cobble (65–250 mm) 15.19 ± 1.80 15.00 ± 1.86 34.31 ± 2.33 32.59 ± 1.85 23.39 ± 3.52 
Gravel (2–65 mm) 30.63 ± 1.84 32.77 ± 1.41 28.76 ± 1.90 29.98 ± 2.34 37.69 ± 2.16 
Sand (0.06–2 mm) 28.73 ± 2.94 24.57 ± 2.08 12.44 ± 1.05 7.91 ± 1.33 23.84 ± 1.73 
Silt (<0.06 mm) 9.34 ± 1.14 0.57 ± 0.22 0.20 ± 0.11 2.33 ± 0.47 1.47 ± 0.42 
Clay 4.23 ± 1.09 3.17 ± 0.47 1.03 ± 0.27 0.65 ± 0.31 4.67 ± 0.68 
Muck 4.17 ± 2.47 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Marl 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Detritus 1.04 ± 0.31 2.41 ± 0.67 1.03 ± 0.69 0.65 ± 0.23 0.67 ± 0.25 

Siltation absent–heavy absent–medium absent–heavy slight absent–medium 
Algal Growth absent–slight absent–medium absent–slight slight absent–slight 
Shading dense–open partly open–open dense–open dense dense–open 
Aquatic Macrophytes present absent–present absent–present absent absent–present 
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Table 10. Continued.  

Quadrat Data SR-17 SR-05 SR-19 SR-06 SR-12 
Be

fo
re

 Water Velocity (m/s) - - 0.44 ± 0.02 0.26 ± 0.03 0.31 ± 0.04 
Depth (m) 0.26 ± 0.01 0.43 ± 0.03 0.27 ± 0.01 0.33 ± 0.01 0.61 ± 0.01 
Water Clarity (m) 0.26 ± 0.01 0.19 ± 0.01 0.21 ± 0.01 0.16 ± 0.01 0.20 ± 0.01 

Af
te

r 

Su
bs

tra
te

 C
om

po
si

tio
n 

(%
) Bedrock  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.07 ± 0.07 

Boulder (>250 mm) 15.17 ± 1.84 18.06 ± 3.20 11.87 ± 1.93 8.47 ± 1.54 14.63 ± 2.03 
Cobble (65-250 mm) 20.04 ± 1.60 21.01 ± 1.82 30.60 ± 0.97 32.07 ± 2.12 13.92 ± 0.82 
Gravel (2-65 mm) 30.11 ± 1.46 34.94 ± 2.68 31.67 ± 1.35 32.93 ± 1.56 52.29 ± 2.61 
Sand (0.06-2 mm) 26.48 ± 2.26 24.46 ± 1.68 23.13 ± 1.76 26.40 ± 2.49 15.55 ± 1.04 
Silt (<0.06 mm) 4.74 ± 0.61 1.08 ± 0.28 0.00 ± 0.00 0.00 ± 0.00 2.83 ± 0.81 
Clay  0.40 ± 0.24 0.00 ± 0.00 2.73 ± 0.48 0.00 ± 0.00 0.67 ± 0.37 
Muck  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Marl  0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Detritus  3.06 ± 0.86 0.46 ± 0.41 0.00 ± 0.00 0.13 ± 0.13 0.04 ± 0.04 

Siltation slight–heavy slight absent–slight slight–medium slight–medium 
Algal Growth absent–slight absent–slight absent–medium slight absent–slight 
Shading partly open–open dense–open partly open–open dense–open partly open–open 
Aquatic Macrophytes absent absent absent–present absent absent–present 
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Table 11. Total abundance of each species found during a full excavation (25 blocks, 
375 m2) at site SR-06 in 2012 in the Sydenham River. All species recorded from the 
Sydenham River watershed are listed. 

Scientific name Common Name Abundance 
Alasmidonta marginata Elktoe 65 
Alasmidonta viridis Slippershell 0 
Amblema plicata Threeridge 668 
Anodontoides ferussacianus Cylindrical Papershell 0 
Cambarunio iris Rainbow 0 
Cyclonaias pustulosa Pimpleback 62 
Cyclonaias tuberculata Purple Wartyback 2616 
Epioblasma rangiana Northern Riffleshell 61 
Epioblasma triquetra Snuffbox 71 
Eurynia dilatata Spike 527 
Fusconaia flava Wabash Pigtoe 162 
Lampsilis cardium Plain Pocketbook 6 
Lampsilis fasciola Wavrayed Lampmussel 0 
Lampsilis siliquoidea Fatmucket 0 
Lasmigona complanata White Heelsplitter 44 
Lasmigona compressa Creek Heelsplitter 0 
Lasmigona costata Flutedshell 746 
Ligumia recta Black Sandshell 89 
Obliquaria reflexa Threehorn Wartyback 0 
Obovaria subrotunda Round Hickorynut 1 
Ortmanniana ligamentina Mucket 202 
Paetulunio fabalis Rayed Bean 257 
Pleurobema sintoxia Round Pigtoe 29 
Potamilus alatus Pink Heelsplitter 28 
Potamilus fragilis Fragile Papershell 69 
Ptychobranchus fasciolaris Kidneyshell 172 
Pyganodon grandis Giant Floater 4 
Quadrula quadrula Mapleleaf 274 
Sagittunio nasutus Eastern Pondmussel 0 
Simpsonaias ambigua Salamander Mussel 5 
Strophitus undulatus Creeper 15 

  
  



 

27 
 

Table 11. Continued. 
Scientific name Common Name Abundance 
Toxolasma parvum Lilliput 0 
Truncilla donaciformis Fawnsfoot 3 
Truncilla truncata Deertoe 2 
Utterbackia imbecillis Paper Pondshell 0 
Unknown Unknown 0 

Total Abundance 6178 
Live Species Richness 25 

Total Species Richness 25 
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Table 12. Density (mussels/m2) and mean density ± standard error (mussels/m2) at site 
SR-06 during the full excavation where all 375 m2 was excavated in 2012 in the 
Sydenham River, Ontario.  

Block Density 
1 14.40 
2 12.87 
3 6.47 
4 16.20 
5 9.87 
6 4.67 
7 20.80 
8 15.67 
9 9.73 
10 19.27 
11 11.33 
12 24.00 
13 15.47 
14 22.73 
15 16.13 
16 20.53 
17 13.60 
18 27.80 
19 13.13 
20 22.20 
21 6.93 
22 37.40 
23 7.73 
24 36.20 
25 6.73 

Mean 16.47 
Standard Error 1.72 
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Figure 1. Fifteen Unionid Monitoring and Biodiversity Observation (UMBO) network sites established between 1999–
2003. Black stars represent sites that were not resurveyed between 2012–2015. 
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Figure 2. Systematic sampling design (Metcalfe-Smith et al. 2007) implemented at 
Unionid Monitoring and Biodiversity Observation (UMBO) network sites surveyed in the 
Sydenham River using 3 1-m2 quadrats within a block setup. The shaded boxes 
represent an example of the randomly selected quadrats for excavation within each 
block, which were the same for each block at a site.
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Figure 3. Length distribution (n = 240) of Amblema plicata (Threeridge) found in Bear Creek during the 2012–2015 
Unionid Monitoring and Biodiversity Observation (UMBO) surveys.  

0

10

20

30

40

50

60

70

80

90

0-
4

5-
24

25
-4

4

45
-6

4

65
-8

4

85
-1

04

10
5-

12
4

12
5-

14
4

14
5-

16
4

16
5-

18
4

Ab
un

da
nc

e

Length (mm)



 

32 
 

 
Figure 4. Length distribution (n = 57) of Quadrula quadrula (Mapleleaf) found in Bear Creek at SR-13 during 2012–2015 
Unionid Monitoring and Biodiversity Observation (UMBO) surveys.   
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Figure 5. Length distribution (n = 2,003) of Lasmigona costata (Flutedshell) found in the East Sydenham River during 
2012–2015 Unionid Monitoring and Biodiversity Observation (UMBO) surveys. 
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Figure 6. Length distribution (n = 1,896) of Cyclonaias tuberculata (Purple Wartyback) found in the East Sydenham River 
during the 2012–2015 Unionid Monitoring and Biodiversity Observation (UMBO) surveys. The vertical line represents the 
cut-off where individuals are classified as juveniles to the left (< 53.2 mm) based on van der Lee et al. (2024).
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Appendix A. Original Unionid Monitoring and Biodiversity Observation (UMBO) site 
coordinates sampled between 1999–2003 in the Sydenham River watershed (Metcalfe-
Smith et al. 2007). 

  Site Code Year Latitude Longitude 

Be
ar

 
C

re
ek

 SR-09 2001 42.975 -81.97083 
SR-15 2002 42.9062 -82.11107 
SR-13 2003 42.84895 -82.21327 

Ea
st

 S
yd

en
ha

m
 R

iv
er

 

SR-01 2003 42.86063 -81.78848 
SR-10 2001 42.84583 -81.825 
SR-02 2003 42.80663 -81.84691 
SR-03 1999 42.77917 -81.83528 
SR-07 2003 42.69901 -81.98938 
SR-17 2001 42.67917 -82.01667 
SR-05 2003 42.65001 -82.00874 
SR-19 2002 42.6265 -82.0231 
SR-06 2002 42.60517 -82.07483 
SR-12 1999 42.58916 -82.12639 
SR-20 2002 42.59658 -82.14986 

 SR-21 2003 42.59155 -82.2681 
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Appendix B. Site specific information on species abundance, relative abundance (%), 
density (mussels/m2), frequency of occurrence (% of quadrats in which a species is 
found), and maximum and minimum lengths (mm) of each species. Species at risk are 
highlighted. S(#) represents species found as complete shells and the number of shells 
found. V(#) represents species found as valves (one half of a complete shell) and the 
number of valves found. All shells/valves were in weathered condition and were not 
measured. 

Site SR-09 (2012): 24 Blocks, 73 Quadrats* 

Species Abundance Relative 
Abundance  Density Occurrence Length  

Alasmidonta marginata 0 0.00 0.00 0.00 - 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 64 49.61 0.88 38.36 62–170 
Anodontoides ferussacianus 2 1.55 0.03 2.74 61–66 
Cambarunio iris 1 0.78 0.01 1.37 48 
Cyclonaias pustulosa 0 0.00 0.00 0.00 - 
Cyclonaias tuberculata 0 0.00 0.00 0.00 - 
Epioblasma rangiana 0 0.00 0.00 0.00 - 
Epioblasma triquetra 0 0.00 0.00 0.00 - 
Eurynia dilatata 23 17.83 0.32 27.40 48–117 
Fusconaia flava 10 7.75 0.14 10.96 35–94 
Lampsilis cardium 0 0.00 0.00 0.00 - 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 6 4.65 0.08 6.85 50–108 
Lasmigona complanata 11 8.53 0.15 15.07 18–119 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 0 0.00 0.00 0.00 - 
Ligumia recta 0 0.00 0.00 0.00 - 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 0 0.00 0.00 0.00 - 
Ortmanniana ligamentina 0 0.00 0.00 0.00 - 
Paetulunio fabalis 0 0.00 0.00 0.00 - 
Pleurobema sintoxia 1 0.78 0.01 1.37 56 
Potamilus alatus 0 0.00 0.00 0.00 - 
Potamilus fragilis 0 0.00 0.00 0.00 - 
Ptychobranchus fasciolaris 0 0.00 0.00 0.00 - 
Pyganodon grandis 6 4.65 0.08 8.22 28–74 
Quadrula quadrula 0 0.00 0.00 0.00 - 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 0 0.00 0.00 0.00 - 
Strophitus undulatus 5 3.88 0.07 6.85 33–84 
Toxolasma parvum 0 0.00 0.00 0.00 - 

*One extra quadrat was completed in block 20 
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Site SR-09 (2012): 24 Blocks, 73 Quadrats Continued 

Species Abundance Relative 
Abundance  Density  Occurrence   Lengths  

Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown V(1) 0.00 0.00 0.00 - 
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Site SR-15 (2013): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%)  

Density 
(mussels/m2)  

Occurrence 
(%) 

Lengths 
(mm) 

Alasmidonta marginata 0 0.00 0.00 0.00 - 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 176 47.18 2.35 81.33 27.1–171.4 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 1 0.27 0.01 1.33 116.1 
Cyclonaias tuberculata 0 0.00 0.00 0.00 - 
Epioblasma rangiana 0 0.00 0.00 0.00 - 
Epioblasma triquetra 0 0.00 0.00 0.00 - 
Eurynia dilatata 0 0.00 0.00 0.00 - 
Fusconaia flava 34 9.12 0.45 34.67 9–98 
Lampsilis cardium 1 0.27 0.01 1.33 79.3 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 50 13.40 0.67 46.67 46.5–158 
Lasmigona complanata 29 7.77 0.39 25.33 46–180 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 2 0.54 0.03 2.67 113.4–127 
Ligumia recta 0 0.00 0.00 0.00 - 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 0 0.00 0.00 0.00 - 
Ortmanniana ligamentina S(1) 0.00 0.00 0.00 - 
Paetulunio fabalis 0 0.00 0.00 0.00 - 
Pleurobema sintoxia 2 0.54 0.03 2.67 83–85 
Potamilus alatus 0 0.00 0.00 0.00 - 
Potamilus fragilis 0 0.00 0.00 0.00 - 
Ptychobranchus fasciolaris 0 0.00 0.00 0.00 - 
Pyganodon grandis 72 19.30 0.96 53.33 52.4–143.1 
Quadrula quadrula 0 0.00 0.00 0.00 - 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 0 0.00 0.00 0.00 - 
Strophitus undulatus 6 1.61 0.08 8.00 70.5–80 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 0 0.00 0.00 0.00 - 
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Site SR-13 (2015): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) Occurrence  Lengths 

(mm) 

Alasmidonta marginata 0 0.00 0.00 0.00 - 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 0 0.00 0.00 0.00 - 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 0 0.00 0.00 0.00 - 
Cyclonaias tuberculata 0 0.00 0.00 0.00 - 
Epioblasma rangiana 0 0.00 0.00 0.00 - 
Epioblasma triquetra 0 0.00 0.00 0.00 - 
Eurynia dilatata 0 0.00 0.00 0.00 - 
Fusconaia flava 0 0.00 0.00 0.00 - 
Lampsilis cardium 0 0.00 0.00 0.00 - 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 7 5.07 0.09 8.00 45.8–106 
Lasmigona complanata 41 29.71 0.55 32.00 59.3–188 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 0 0.00 0.00 0.00 - 
Ligumia recta 0 0.00 0.00 0.00 - 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 0 0.00 0.00 0.00 - 
Ortmanniana ligamentina 0 0.00 0.00 0.00 - 
Paetulunio fabalis 0 0.00 0.00 0.00 - 
Pleurobema sintoxia 0 0.00 0.00 0.00 - 
Potamilus alatus 0 0.00 0.00 0.00 - 
Potamilus fragilis 2 1.45 0.03 2.67 84.4–132 
Ptychobranchus fasciolaris 0 0.00 0.00 0.00 - 
Pyganodon grandis 31 22.46 0.41 34.67 22.2–130 
Quadrula quadrula 57 41.30 0.76 41.33 26.7–122.2 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 0 0.00 0.00 0.00 - 
Strophitus undulatus 0 0.00 0.00 0.00 - 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 0 0.00 0.00 0.00 - 

 

  



 

40 
 

Site SR-01 (2012): 24 Blocks, 72 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence 
(%)  

Lengths 
(mm) 

Alasmidonta marginata 6 2.48 0.08 8.33 53–76 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 58 23.97 0.81 45.83 43–155 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 1 0.41 0.01 1.39 33 
Cyclonaias pustulosa 1 0.41 0.01 1.39 66 
Cyclonaias tuberculata 23 9.50 0.32 27.78 46–108 
Epioblasma rangiana 6 2.48 0.08 8.33 16–45 
Epioblasma triquetra 2 0.83 0.03 2.78 43–45 
Eurynia dilatata 6 2.48 0.08 8.33 48–78 
Fusconaia flava 19 7.85 0.26 25.00 53–93 
Lampsilis cardium 0 0.00 0.00 0.00 - 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 1 0.41 0.01 1.39 107 
Lasmigona complanata 5 2.07 0.07 6.94 56–114 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 55 22.73 0.76 33.33 35–119 
Ligumia recta 2 0.83 0.03 2.78 129–161 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda V(1) 0.00 0.00 0.00 - 
Ortmanniana ligamentina 6 2.48 0.08 8.33 91–165 
Paetulunio fabalis 6 2.48 0.08 8.33 18–31 
Pleurobema sintoxia 3 1.24 0.04 4.17 70–92 
Potamilus alatus 3 1.24 0.04 4.17 108–155 
Potamilus fragilis 9 3.72 0.13 9.72 82–120 
Ptychobranchus fasciolaris 5 2.07 0.07 6.94 52–112 
Pyganodon grandis 24 9.92 0.33 27.78 38–101 
Quadrula quadrula 0 0.00 0.00 0.00 - 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 0 0.00 0.00 0.00 - 
Strophitus undulatus 1 0.41 0.01 1.39 70 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 0 0.00 0.00 0.00 - 
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Site SR-10 (2013): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%)  

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 17 3.35 0.23 18.67 52.2–79.7 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 98 19.33 1.31 69.33 21–160 
Anodontoides 
ferussacianus 1 0.20 0.01 1.33 90 

Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 0 0.00 0.00 0.00 - 
Cyclonaias tuberculata 41 8.09 0.55 38.67 33–115 
Epioblasma rangiana 25 4.93 0.33 26.67 18.2–62 
Epioblasma triquetra 11 2.17 0.15 12.00  19.6–45.4 
Eurynia dilatata 72 14.20 0.96 52.00 36–115.1 
Fusconaia flava 21 4.14 0.28 22.67 40–89.4 
Lampsilis cardium 3 0.59 0.04 4.00 69.9–98 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 2 0.39 0.03 2.67 70.3–83.5 

Lasmigona complanata 5 0.99 0.07 6.67 95.3–
114.6 

Lasmigona compressa 1 0.20 0.01 1.33 56 
Lasmigona costata 67 13.21 0.89 58.67 13–128.7 
Ligumia recta 11 2.17 0.15 13.33 123–173 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 0 0.00 0.00 0.00 - 

Ortmanniana ligamentina 30 5.92 0.40 26.67 93.6–
145.2 

Paetulunio fabalis 34 6.71 0.45 32.00 11.7–28 
Pleurobema sintoxia 7 1.38 0.09 9.33 74–118.3 

Potamilus alatus 3 0.59 0.04 4.00 107.5–
123.4 

Potamilus fragilis 4 0.79 0.05 5.33 68–91.7 
Ptychobranchus fasciolaris 20 3.94 0.27 24.00  14–101.5 

Pyganodon grandis 32 6.31 0.43 33.33 50.2–
109.5  

Quadrula quadrula 2 0.39 0.03 2.67 79–102 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 0 0.00 0.00 0.00 - 
Strophitus undulatus 0 0.00 0.00 0.00 - 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 0 0.00 0.00 0.00 - 
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Site SR-02 (2013): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 6 1.49 0.08 6.67 35–68.3 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 27 6.70 0.36 28.00 47.4–149 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 1 0.25 0.01 1.33 49.1 
Cyclonaias pustulosa 0 0.00 0.00 0.00 - 
Cyclonaias tuberculata 125 31.02 1.67 70.67 15–109 
Epioblasma rangiana 7 1.74 0.09 9.33 44–50.7 
Epioblasma triquetra 5 1.24 0.07 5.33 26.9–37 
Eurynia dilatata 46 11.41 0.61 36.00 35–118 
Fusconaia flava 9 2.23 0.12 9.33 46.7–78.3 
Lampsilis cardium 1 0.25 0.01 1.33 112.4 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 0 0.00 0.00 0.00 - 
Lasmigona complanata 7 1.74 0.09 2.67 57.3–89 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 144 35.73 1.92 62.67 11.1–108 
Ligumia recta 2 0.50 0.03 2.67 127.2–166 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 0 0.00 0.00 0.00 - 
Ortmanniana ligamentina 6 1.49 0.08 6.67 55.5–150.5 
Paetulunio fabalis 4 0.99 0.05 5.33 16.6–24.6 
Pleurobema sintoxia 3 0.74 0.04 4.00 37.3–77.3 
Potamilus alatus 0 0.00 0.00 0.00 - 
Potamilus fragilis 1 0.25 0.01 1.33 70.4 
Ptychobranchus fasciolaris 8 1.99 0.11 9.33 53.2–85.3 
Pyganodon grandis 0 0.00 0.00 0.00 - 
Quadrula quadrula 0 0.00 0.00 0.00 - 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 0 0.00 0.00 0.00 - 
Strophitus undulatus 1 0.25 0.01 1.33 61.5 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 0 0.00 0.00 0.00 - 

 



 

43 
 

Site SR-03 (2012): 23 Blocks, 69 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 2 1.21 0.03 2.90 67–74 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 27 16.36 0.39 26.09 21–154 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 1 0.61 0.01 1.45 52 
Cyclonaias pustulosa 2 1.21 0.03 2.90 12–62 
Cyclonaias tuberculata 30 18.18 0.43 27.54 65–108 
Epioblasma rangiana 24 14.55 0.35 24.64 23–51 
Epioblasma triquetra 8 4.85 0.12 11.59 23–34 
Eurynia dilatata 5 3.03 0.07 7.25 44–81 
Fusconaia flava 1 0.61 0.01 1.45 73 
Lampsilis cardium 2 1.21 0.03 2.90 95–124 
Lampsilis fasciola S(1) 0.00 0.00 0.00 - 
Lampsilis siliquoidea 1 0.61 0.01 1.45 89 
Lasmigona complanata 2 1.21 0.03 2.90 19–68 
Lasmigona compressa 1 0.61 0.01 1.45 51 
Lasmigona costata 18 10.91 0.26 18.84 36–123 
Ligumia recta 8 4.85 0.12 11.59 119–175 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 0 0.00 0.00 0.00 - 
Ortmanniana ligamentina 9 5.45 0.13 7.25 53–144 
Paetulunio fabalis 1 0.61 0.01 1.45 12 
Pleurobema sintoxia 1 0.61 0.01 1.45 70 
Potamilus alatus S(1) 0.00 0.00 0.00 - 
Potamilus fragilis 7 4.24 0.10 7.25 19–93 
Ptychobranchus fasciolaris 12 7.27 0.17 15.94 23–96 
Pyganodon grandis 1 0.61 0.01 1.45 76 
Quadrula quadrula 1 0.61 0.01 1.45 89 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua V(1) 0.00 0.00 0.00 - 
Strophitus undulatus 0 0.00 0.00 0.00 - 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata S(1),V(2) 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 1 0.61 0.01 1.45 18 
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Site SR-07 (2013): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 13 1.05 0.17 16.00 25–75.4 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 133 10.79 1.77 76.00 12–192.4 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 10 0.81 0.13 9.33 40.7–106.3 
Cyclonaias tuberculata 95 7.70 1.27 61.33 19.5–176 
Epioblasma rangiana 11 0.89 0.15 13.33 15.5–61 
Epioblasma triquetra 15 1.22 0.20 14.67 31.5–58 
Eurynia dilatata 47 3.81 0.63 41.33 29–167.7 
Fusconaia flava 28 2.27 0.37 28.00 22.5–103.6 
Lampsilis cardium 0 0.00 0.00 0.00 - 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 1 0.08 0.01 1.33 53 
Lasmigona complanata 61 4.95 0.81 53.33 37.9–171.7 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 603 48.91 8.04 97.33 30–196.7 
Ligumia recta 15 1.22 0.20 18.67 78–185.5 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 0 0.00 0.00 0.00 - 
Ortmanniana ligamentina 29 2.35 0.39 26.67 38.3–179 
Paetulunio fabalis 66 5.35 0.88 44.00 11.4–35 
Pleurobema sintoxia 1 0.08 0.01 1.33 78 
Potamilus alatus 13 1.05 0.17 16.00 63.5–168.1 
Potamilus fragilis 23 1.87 0.31 26.67 25.5–197.7 
Ptychobranchus fasciolaris 4 0.32 0.05 5.33 23–95.7 
Pyganodon grandis 1 0.08 0.01 1.33 121.4 
Quadrula quadrula 58 4.70 0.77 40.00 18–128 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 5 0.41 0.07 5.33 22.5–29.7 
Strophitus undulatus 0 0.00 0.00 0.00 - 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 1 0.08 0.01 1.33 55.2 
Unknown 0 0.00 0.00 0.00 - 
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Site SR-17 (2012): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 23 2.31 0.31 25.33 20–81 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 100 10.03 1.33 74.67 21–148 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 12 1.20 0.16 14.67 44–107 
Cyclonaias tuberculata 166 16.65 2.21 82.67 16–121 
Epioblasma rangiana 104 10.43 1.39 66.67 11–66 
Epioblasma triquetra 34 3.41 0.45 33.33 19–62 
Eurynia dilatata 128 12.84 1.71 76.00 20–111 
Fusconaia flava 26 2.61 0.35 34.67 22–89 
Lampsilis cardium 3 0.30 0.04 4.00 95–123 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 0 0.00 0.00 0.00 - 
Lasmigona complanata 7 0.70 0.09 9.33 100–155 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 161 16.15 2.15 78.67 33–141 
Ligumia recta 12 1.20 0.16 14.67 64–170 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda V(1) 0.00 0.00 0.00 - 
Ortmanniana ligamentina 57 5.72 0.76 50.67 60–200 
Paetulunio fabalis 49 4.91 0.65 44.00 10–29 
Pleurobema sintoxia 6 0.60 0.08 8.00 46–101 
Potamilus alatus 7 0.70 0.09 9.33 94–152 
Potamilus fragilis 8 0.80 0.11 9.33 39–94 
Ptychobranchus fasciolaris 54 5.42 0.72 52.00 17–111 
Pyganodon grandis 1 0.10 0.01 1.33 94 
Quadrula quadrula 29 2.91 0.39 36.00 17–103 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua S(5), V(18) 0.00 0.00 0.00 - 
Strophitus undulatus 8 0.80 0.11 10.67 60–82 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 2 0.20 0.03 2.67 12 
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Site SR-05 (2015): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 33 1.86 0.44 25.33 21.5–73.3 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 116 6.55 1.55 72.00 8.2–153.4 
Anodontoides ferussacianus 1 0.06 0.01 1.33 94.4 
Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 7 0.40 0.09 8.00 18–85.4 
Cyclonaias tuberculata 251 14.16 3.35 81.33 16.2–134.4 
Epioblasma rangiana 181 10.21 2.41 77.33 10.2–61.1 
Epioblasma triquetra 98 5.53 1.31 62.67 12–64 
Eurynia dilatata 167 9.42 2.23 80.00 19.4–113.4 
Fusconaia flava 64 3.61 0.85 50.67 12–87.3 
Lampsilis cardium 3 0.17 0.04 4.00 26.5–123.5 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 0 0.00 0.00 0.00 - 
Lasmigona complanata 18 1.02 0.24 21.33 86.5–145 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 408 23.02 5.44 89.33 15.1–126 
Ligumia recta 17 0.96 0.23 20.00 55–195 
Obliquaria reflexa V(1) 0.00 0.00 0.00 - 
Obovaria subrotunda V(4) 0.00 0.00 0.00 - 
Ortmanniana ligamentina 182 10.27 2.43 74.67 22–175 
Paetulunio fabalis 38 2.14 0.51 40.00 11–26 
Pleurobema sintoxia 10 0.56 0.13 10.67 22–95 
Potamilus alatus 13 0.73 0.17 17.33 69.6–146.2 
Potamilus fragilis 29 1.64 0.39 29.33 43.5–123.9 
Ptychobranchus fasciolaris 69 3.89 0.92 60.00 8–111.5 
Pyganodon grandis 3 0.17 0.04 4.00 57–89.6 
Quadrula quadrula 23 1.30 0.31 25.33 13.7–117.1 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 1 0.06 0.01 1.33 23.1 
Strophitus undulatus 39 2.20 0.52 32.00 24–83.6 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 1 0.06 0.01 1.33 44.1 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 0 0.00 0.00 0.00 - 
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Site SR-19 (2013): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 20 0.87 0.27 22.67 51–73.5 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 123 5.33 1.64 74.67 23.5–160 

Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 0 0.00 0.00 0.00 - 

Cyclonaias pustulosa 12 0.52 0.16 16.00 52–83.1 
Cyclonaias tuberculata 646 27.98 8.61 100.00 16–198.9 
Epioblasma rangiana 90 3.90 1.20 65.33 10–113 
Epioblasma triquetra 21 0.91 0.28 25.33 10.4–57.6 

Eurynia dilatata 465 20.14 6.20 97.33 24–118 
Fusconaia flava 41 1.78 0.55 37.33 23–96.4 

Lampsilis cardium 9 0.39 0.12 10.67 84.9–132.4 
Lampsilis fasciola 0 0.00 0.00 0.00 - 

Lampsilis siliquoidea 1 0.04 0.01 1.33 84.9 
Lasmigona complanata 18 0.78 0.24 16.00 87–137 
Lasmigona compressa 0 0.00 0.00 0.00 - 

Lasmigona costata 334 14.47 4.45 92.00 11–192.6 
Ligumia recta 38 1.65 0.51 36.00 69–182 

Obliquaria reflexa S(1) 0.00 0.00 0.00 - 
Obovaria subrotunda 0 0.00 0.00 0.00 - 

Ortmanniana ligamentina 250 10.83 3.33 93.33 23.5–161 
Paetulunio fabalis 19 0.82 0.25 20.00 12-28 

Pleurobema sintoxia 24 1.04 0.32 26.67 35.7–100 
Potamilus alatus 18 0.78 0.24 21.33 79–160 
Potamilus fragilis 19 0.82 0.25 22.67 47–105 

Ptychobranchus fasciolaris 107 4.63 1.43 70.67 23–108.7 
Pyganodon grandis 5 0.22 0.07 6.67 56.4–116.5 
Quadrula quadrula 33 1.43 0.44 34.67 11–104 
Sagittunio nasutus 0 0.00 0.00 0.00 - 

Simpsonaias ambigua 1 0.04 0.01 1.33 25.4 
Strophitus undulatus 12 0.52 0.16 12.00 56–79.4 
Toxolasma parvum 0 0.00 0.00 0.00 - 

Truncilla donaciformis 0 0.00 0.00 0.00 - 
Truncilla truncata 1 0.04 0.01 1.33 - 

Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 1 0.04 0.01 1.33 21.4 
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Site SR-06 Standard Survey (2012): 25 Blocks; 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 17 1.62 0.23 21.33 28–75 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 116 11.08 1.55 65.33 19–160 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 7 0.67 0.09 9.33 45–78 
Cyclonaias tuberculata 395 37.73 5.27 94.67 12–133 
Epioblasma rangiana 11 1.05 0.15 13.33 25–57 
Epioblasma triquetra 13 1.24 0.17 14.67 30–65 
Eurynia dilatata 120 11.46 1.60 74.67 18–116 
Fusconaia flava 26 2.48 0.35 25.33 44–84 
Lampsilis cardium 3 0.29 0.04 4.00 93–118 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 0 0.00 0.00 0.00 - 
Lasmigona complanata 8 0.76 0.11 10.67 60–151 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 134 12.80 1.79 70.67 56–125 
Ligumia recta 16 1.53 0.21 18.67 55–180 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 1 0.10 0.01 1.33 61 
Ortmanniana ligamentina 31 2.96 0.41 26.67 75–153 
Paetulunio fabalis 50 4.78 0.67 44.00 13–25 
Pleurobema sintoxia 3 0.29 0.04 4.00 40–70 
Potamilus alatus 5 0.48 0.07 6.67 86–133 
Potamilus fragilis 10 0.96 0.13 12.00 37–118 
Ptychobranchus fasciolaris 35 3.34 0.47 33.33 16–120 
Pyganodon grandis 0 0.00 0.00 0.00 - 
Quadrula quadrula 42 4.01 0.56 37.33 16–175 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua S(2),V(2) 0.00 0.00 0.00 - 
Strophitus undulatus 3 0.29 0.04 4.00 68–78 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 1 0.10 0.01 1.33 17 
Truncilla truncata 0 0.00 0.00 0.00 - 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 0 0.00 0.00 0.00 - 
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Site SR-06 Full Survey (2012): 25 Blocks; 375 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 65 1.05 0.17 15.20 20–93 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 668 10.81 1.78 70.93 14–160 
Anodontoides ferussacianus 0 0.00 0.00 0.00 - 
Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 62 1.00 0.17 14.40 18–96 
Cyclonaias tuberculata 2616 42.34 6.98 96.00 12–193 
Epioblasma rangiana 61 0.99 0.16 14.13 22–57 
Epioblasma triquetra 71 1.15 0.19 16.80 12–65 
Eurynia dilatata 527 8.53 1.41 68.27 10–123 
Fusconaia flava 162 2.62 0.43 31.20 19-98 
Lampsilis cardium 6 0.10 0.02 1.60 93–120 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 0 0.00 0.00 0.00 - 
Lasmigona complanata 44 0.71 0.12 10.67 60–151 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 746 12.08 1.99 68.80 32–132 
Ligumia recta 89 1.44 0.24 19.47 55–205 
Obliquaria reflexa 0 0.00 0.00 0.00 - 
Obovaria subrotunda 1 0.02 0.00 0.27 61 
Ortmanniana ligamentina 202 3.27 0.54 31.73 28–162 
Paetulunio fabalis 257 4.16 0.69 41.87 12–50 
Pleurobema sintoxia 29 0.47 0.08 6.93 17–106 
Potamilus alatus 28 0.45 0.07 6.93 73–175 
Potamilus fragilis 69 1.12 0.18 16.27 37–132 
Ptychobranchus fasciolaris 172 2.78 0.46 36.00 16–120 
Pyganodon grandis 4 0.06 0.01 1.07 64–119 
Quadrula quadrula 274 4.44 0.73 42.13 14–175 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua 5 0.08 0.01 1.33 20–34 
Strophitus undulatus 15 0.24 0.04 4.00 51–78 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 3 0.05 0.01 0.80 17–30 
Truncilla truncata 2 0.03 0.01 0.53 37–56 
Utterbackia imbecillis 0 0.00 0.00 0.00 - 
Unknown 0 0.00 0.00 0.00 - 
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Site SR-12 (2015): 25 Blocks, 75 Quadrats 

Species Abundance 
Relative 

Abundance 
(%) 

Density 
(mussels/m2) 

Occurrence  
(%) 

Lengths 
(mm) 

Alasmidonta marginata 1 0.10 0.01 1.33 59.3 
Alasmidonta viridis 0 0.00 0.00 0.00 - 
Amblema plicata 66 6.85 0.88 61.33 22.6–137.2 
Anodontoides 
ferussacianus 0 0.00 0.00 0.00 - 

Cambarunio iris 0 0.00 0.00 0.00 - 
Cyclonaias pustulosa 38 3.95 0.51 37.33 24.9–94 
Cyclonaias tuberculata 124 12.88 1.65 77.33 27–134.4 
Epioblasma rangiana 20 2.08 0.27 24.00 10–48 
Epioblasma triquetra 69 7.17 0.92 56.00 12–58 
Eurynia dilatata 61 6.33 0.81 50.67 22.2–105.1 
Fusconaia flava 30 3.12 0.40 32.00 21.5–79 
Lampsilis cardium 1 0.10 0.01 1.33 111 
Lampsilis fasciola 0 0.00 0.00 0.00 - 
Lampsilis siliquoidea 0 0.00 0.00 0.00 - 
Lasmigona complanata 19 1.97 0.25 21.33 92–148.5 
Lasmigona compressa 0 0.00 0.00 0.00 - 
Lasmigona costata 79 8.20 1.05 61.33 33.4–128 
Ligumia recta 9 0.93 0.12 10.67 96.6–170 
Obliquaria reflexa 2 0.21 0.03 2.67 24–50.5 
Obovaria subrotunda V(9) 0.00 0.00 0.00 - 
Ortmanniana ligamentina 148 15.37 1.97 81.33 17.3–152 
Paetulunio fabalis 5 0.52 0.07 6.67 13–19 
Pleurobema sintoxia 25 2.60 0.33 26.67 19–100.4 
Potamilus alatus 14 1.45 0.19 18.67 43.3–137.8 
Potamilus fragilis 14 1.45 0.19 13.33 33–95.7 
Ptychobranchus fasciolaris 147 15.26 1.96 86.67 6–105 
Pyganodon grandis S(1), V(1) 0.00 0.00 0.00 - 
Quadrula quadrula 72 7.48 0.96 61.33 16–110.7 
Sagittunio nasutus 0 0.00 0.00 0.00 - 
Simpsonaias ambigua V(3) 0.00 0.00 0.00 - 
Strophitus undulatus 10 1.04 0.13 13.33 37.2–78.5 
Toxolasma parvum 0 0.00 0.00 0.00 - 
Truncilla donaciformis 4 0.42 0.05 5.33 18–38.8 
Truncilla truncata 4 0.42 0.05 4.00 24.7–42.8 
Utterbackia imbecillis V(1) 0.00 0.00 0.00 - 
Unknown 1 0.10 0.01 1.33 - 
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