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The river Rhine, it is well known, 

Doth wash your city of Cologne; 

But tell me, Nymphs, what power divine 

Shall henceforth wash the river Rhine? 

Samuel Taylor Coleridge 1772-1834 
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Ancient Chinese Fortune Cookie Proverb: Unexpected good luck sometimes comes in small packages that are often hard to see unless you 

are willing to open your eyes.  

 

Summary 

For better or worse, the invasive ‘good luck’ clam, Corbicula fluminea and New Zealand 
mudsnail, Potamopyrgus antipodarum are well established in the Jordan River, UT. Both the 
snail and the clam reach some of the highest densities recorded (>>5000 m-2 for Corbicula; 
250,000 to 500,000 m-2 for Potamopyrgus). Based on literature review presented in this report 
and recent mollusk surveys conducted in the Jordan River by OreoHelix Consulting and the 
Wasatch Front Water Quality Council; it is now apparent that the filter-feeder/pedal- feeder 
Corbicula and the grazer, Potamopyrgus dominate ecosystem functions in the Jordan River. 
Corbicula can filter out the entire water column FPOM (including algae, bacteria, nutrients) in 
the Jordan River in about a day in locations where its densities are high, as it does in many 
rivers. Corbicula filtration rates can range from about 0.4 to 3.0 cubic meters of water m-2 hr-1, 
depending on temperatures. It has also been suggested that Corbicula can decrease the likelihood 
of cyanoHABS and increase water clarity that promote reestablishment of native aquatic 
vegetation. On good days, Corbicula’s organic matter consumption rates in the Jordan River can 
be from 0.33 to 6.2 metric tons km-1 day-1. The ‘good luck’ clam is also likely responsible for 
among other things: enhancing nutrient cycling, reducing turbidity, increasing light penetration, 
and reducing phytoplankton abundance; all of which are improvements in the degraded Jordan 
River’s water quality. However, these benefits performed free of monetary expenditure come 
with some ecological and water quality costs, primarily dissolved oxygen consumption and 
ammonia respiration. Corbicula O2 consumption rates can range from 1 to 16 mg m-2 hr-1 and 
CO2 respiration rates range from 1 to 14 mg m-2 hr-1. Corbicula’s consumption rates of nitrogen 
and phosphorus in the Jordan River range between 0.75 to 2.12 mg m-2 day-1 N and 0.27 to 0.95 
mg m-2 day-1 P.  Excretion rates were calculated to be from 75 to 1,426 µmol m-2 day-1 NH4 and 
from 15 to 286 µmol m-2 day-1 P in the river. As with all mollusks, Corbicula contributes to the 
reduction of the greenhouse gas CO2 in the production of CaCO3 based shells. It is quite feasible 
that Corbicula sequesters ≈ 10 metric tons C km-1 year-1 in sections of the Jordan River, via shell 
production. 

The New Zealand mudsnail, Potamopyrgus can have production rates ≈ 1500 mg AFDM m-2 
day-1; excretion rates ≈ 8 mg N m-2 day-1; and egestion rates ≈ 200 mg N m-2 day-1 in the Jordan 
River. Although much is still to be learned about its role in the Jordan River, it likely has similar 
rates as Corbicula but on a smaller scale. 
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Corbicula and Potamopyrgus are undoubtedly the most important and dominant biota in the now 
novel Jordan River ecosystem and together co-regulate seasonal nitrogen, phosphorus, and 
carbon cycling, microbial community structure, and stream metabolism. The snail and clam are 
almost certainly seasonally controlling most other ecosystem functions as well, (e.g. water 
quality), despite their roles being unnoticed to most researchers and managers.  
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Introduction 
Over the millennia, physical and chemical conditions in the Jordan River, Utah drainage have 
created a freshwater mollusk hotspot in an otherwise depauperate western United States, 
providing ideal habitat for mussels, clams, and snails, including the globally invasive Asian 
clam4, Corbicula fluminea and New Zealand mudsnail, Potamopyrgus antipodarum (Richards 
2017a; 2017b). Corbicula fluminea densities and biomass in the now highly regulated and 
degraded Jordan River5, UT often occur at greater levels than have been reported elsewhere in 
the world (Richards 2017a, Richards 2017b, Phelps 1994; Karatayev et al. 2003; Ilarri et al. 
2011; Beaver et al. 1991). This species of clam often reaches densities >> 5000/m-2 in several 
sections of the Jordan River, particularly downstream of its confluence with Mill Creek 
(Richards 2017a, Richards 2017b). Invasive New Zealand mudsnails, Potamopyrgus 
antipodarum are extremely abundant throughout the Jordan River and have been estimated to 
exceed densities >>250,000 m-2, particularly in upstream sections (Richards personal 
observation). 

When bivalves (mussels and clams) such as Corbicula6 or snails such as Potamopyrgus7 reach 
high enough densities and biomass, they transition into ecosystem engineers and keystone 
species (Prins and Escaravage 2005). They then control and oft times transform most ecological 
functions by:  

• altering water quality;  
• enhancing nutrient cycling; 
• reducing turbidity and increase light penetration;  
• reducing phytoplankton abundance  
• regulating bacteria and fungi assemblages;  
• controlling key processes such as oxidation of organic matter; and  
• altering N:P ratios, nutrient chemistry, sediment oxygen demand (SOD), and; biological 

oxygen demand (BOD)(see following sections for citations).  

Thus, their dominance in an aquatic ecosystem is considered by ecologists and managers to be a 
double-edged sword; on one side, ecosystem altering invasive species that may cause certain 
types of water quality degradation; on the other side, naturalized resident species such as 

 
4 Corbicula is known as the ‘good luck clam’ in many parts of Asia. 
5 The Jordan River, UT was named after the Biblical ‘River Jordan’ in the Mideast. 
6 The species of Corbicula found in the Jordan River is Corbicula fluminea but in this report will be referred to as Corbicula.  

7 The New Zealand mudsnail found in the Jordan River is Potamopyrgus antipodarum but in this report will simply be referred to 
as Potamopyrgus.  
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Corbicula and Potamopyrgus, that replace inefficient natives and that may vastly improve 
overall water quality, depending on conditions, and doing so with zero monetary expenditures by 
citizens.  

The effects of Corbicula and Potamopyrgus on ecosystem processes are well known throughout 
the world. It is also known that these clams and snails have occupied most sections of the Jordan 
River at unbelievably high densities/biomass for well over a decade, undoubtedly having huge 
ecological and water quality effects. However, Corbicula and Potamopyrgus and their role in the 
ecological functioning of the Jordan River continues to be ignored and their effects are all but 
invisible to most Jordan River researchers and managers, despite this knowledge. Jordan River 
managers and scientists studying the effects of nutrient loads on water quality and ecosystem 
processes in the river always seem to come up short explaining inconsistencies in data 
interpretation, typically resulting in conclusions that are mostly vague, unsatisfactory, 
incomplete, and on occasion, wrong (e.g. Follstad Shah et al. 2017; others). The most likely 
explanation for these incorrect assessments is the failure to include the effects of Corbicula and 
Potamopyrgus.  

Justification 
Researchers and managers have been blind to the very large effects that the ecosystem engineers, 
Corbicula and Potamopyrgus are having on nutrient cycling, water quality, and ecosystem 
functions in the Jordan River. This has often resulted in misinformed and erroneous conclusions, 
and likely misdirected management decisions. This technical report describes known effects of 
Corbicula and other bivalves (used as surrogates for Corbicula) and Potamopyrgus on ecological 
processes and water quality in waters outside of Utah based on literature review. This knowledge 
is then applied to the most recent and only intensive surveys of Corbicula distribution and 
abundance in the Jordan River, as reported by Richards (2017a; 2017b) and the Wasatch Front 
Water Quality Council and by personal observations by Richards while conducting ecological 
studies, including mollusk surveys on the Jordan River. The review and analyses validates the 
large effect that Corbicula and Potamopyrgus are having on the river’s nutrient cycle, water 
quality, and ecosystem function and will guide scientists and managers to a better understanding 
of the river and their ability to manage the river accordingly.  

Report Sections 
This report is presented in several sections. The first section of the review focuses on 
Corbicula’s water column filter feeding ecology and its ecosystem effects. The second section of 
the review focuses on the clam’s pedal feeding ecology and its ecosystem effects. The third 
section focuses on Potamopyrgus ecology and ecosystem effects and the fourth section applies 
what was learned in the first three sections to Corbicula and Potamopyrgus populations in the 
Jordan River. This fourth section on effects of Corbicula in the Jordan River is primarily focused 
on portions of the mid-Jordan River downstream of its confluence with Mill Creek to about 900 
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South. This portion of the river contained the highest Corbicula densities found  by Richards 
2017a and 2017b and members of the Wasatch Front Water Quality Council, and is likely where 
Corbicula has the most influence. The fourth section addressing the effects of Potamopyrgus on 
the Jordan River ecosystem focuses more on sections upstream of its confluence with Mill 
Creek, where its known densities are highest.  

Review of Corbicula Ecology and Ecosystem Effects 
Corbicula, a keystone species, ecosystem engineer is well known to alter food web structure, 
often times shifting the structure towards a microbial based food web (Prins and Escaravage 
2005). Corbicula are self-fertilizing, simultaneous hermaphrodites and release up to 2,000 
juveniles per day, and more than 100,000 in a lifetime. Juveniles are ≈1 mm in length and take 
from one to four years to reach maturity and reach a length of about 5 cm. Table 1 is a summary 
of Corbicula life history characteristics.  

Table 49. Summary of some Corbicula life history characteristics. From Sousa et al. 2008 Table 1 (and 
adapted from McMahon 2002).  

 

Corbicula filter large amounts of water and thus process large amounts of suspended materials 
(FPOM) and nutrients, which are used by the clams for growth and reproduction or excreted in 
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dissolved form or deposited as feces or pseudofeces8 (Ostroumov 2005; Cohen et al. 1984; 
Beaver et al. 1991; Arnott and Vanni 1996; Newell et al. 2005). As a result, Corbicula enhances 
nutrient cycling (Lauritsen and Mozley 1989, Cohen et al. 1984; Boltovskoy et al. 1995). Not 
only does Corbicula alter water column processes, it also alters benthic/sediment processes. This 
is because Corbicula has two distinct feeding mechanisms: 1) filtering- feeding water column 
particulate organic matter (POM) (Lauritsen 1986a; Leff et al. 1990; Boltovsky et al. 1995) and, 
2) pedal feeding sediment organic matter (OM) using cilia on their foot to collect subsurface 
organic matter (Cleland 1988; Reid et al. 1992, Hakenkamp and Palmer 1999).  

Corbicula can influence nutrient fluxes through one of five main pathways:  

1. regeneration of dissolved nutrients directly into the water column;  

2. sequestration of nutrients bound up in tissue and shell;  

3. burial of particulate in sediments;  

4. regeneration of dissolved nutrients from sediments; or, 

5. denitrification from sediments (Konrad 2013). 

Water Column Filter-feeding 

Corbicula often dominate the benthic invertebrate community both numerically and in terms of 
biomass (Lauritsen and Mozley 1989; Poff et al. 1993). Corbicula perform both the function of 
removing particles from the water column and regulating other biota involved in water 
purification, including algae, bacteria, and fungi in the sediments (Ostroumov 2002a; Newell 
1988; Newell & Ott 1998). They thus control the key process of oxidation of organic matter in an 
aquatic system when clams occur at high densities, particularly the major oxidizer, bacteria, 
(Wetzel 2001; Sorokin et al. 1997; Ostroumov 2005). Corbicula can directly reduce the amount 
of particulate organic matter (POM) available to be remineralized by pelagic consumers and 
bacterioplankton (Cloern 1982; Officer et al. 1982; Newell et al. 2005). Corbicula also actively 
select particles to digest or reject as pseudofeces as illustrated in Figure 65.  

 

 
8 Pseudofeces are mucous-enveloped, partially or undigested filtered POM.  
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Figure 65. A conceptual model of food processing by Corbicula actively filter feeding and particle 
selecting for rejection as pseudofeces or digestion (from Dame and Olenin (2005)). 

 
Filtration Rates 

Bivalves are world renowned for the ability to filter large volumes of water (Table 50) and 
Corbicula filtration rates are some of the highest recorded for filter feeders (Cohen et al. 1984; 
Beaver et al. 1991; Lauritsen 1986) ( Table 51; Table 52). 

Table 50. Estimates of filter feeder clearance times (number of days for water column to be filtered). 
Note: Only 4 of the taxa in table are non- bivalves. From Ostroumov (2005). 



 

 273 

 



 

 274 

 

Table 51. Filtration rates Corbicula fluminea clearance time (amount of days for the water column to be 
filtered) from Karatayev et al. (2005) 

Water body Days Source 

Potamac River, USA 3-4 Cohen et al. 1984 

Upper Chowan River, USA 1-1.5 Lauritsen 1986 

Meyers Branch Stream, USA 1 Leff et al. 1990 

Clear Fork of the Trinity River, USA 0.01 McMachon and Bogan 2001 
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Table 52. Corbicula filtration rates (from Lauritsen (1986) Table 1). 

 

A clearance rate model developed by Fulford et al. (2007) predicted that at historic oyster 
biomass levels oysters would be able to filter the entire volume of Chesapeake Bay in about 27 d 
(annual average), and in about 9 d at peak summer clearance rates. This is consistent with 
previous estimates of water filtration by oysters reported by Newell (1988) but likely much less 
than would occur from the better filter-feeder, Corbicula. Cohen et al. (1984) showed that 
Corbicula at moderate densities (≈1400 m-2) compared to mid-Jordan River densities (section: 
Corbicula and Potamopyrgus in the Jordan River) were able to filter the entire volume of water 
in a reach of the Potomac River (3.0 x 107 m3) in 3 to 4 days or an estimated 8.9 x 106 m3 day-1.  
Cohen et al. (1984) also showed that on average, one Corbicula was able to remove 30% of 
phytoplankton chlorophyll a from a 2 -L river water sample in 2 hours. Beaver et al. (1991) 
reported that Corbicula filtrations rates in a hypereutrophic lake were approximately 0.5 to 0.7 L 
hr-1 clam-1 and at moderate densities (1310 to 2621 m-2) reduced chlorophyll a concentrations > 
60% in 7 days.  

Particle Size Ingestion 
 

Corbicula typically have a lower ingestion size limit of < 1 μm and upper size limit of about 20 
μm for filtered POM (McMahon and Bogan 2001; Way et al. 1990) but can consume algae with 
a spherical diameter from 50 μm up to 170 μm (Boltovskoy et al. 1995). However, larger sized 
POM or higher concentrations of POM favor the production of pseudofeces and/or reduced 
filtration rates (Beaver et al. 1991; Lauritsen 1986; Way et al. 1990). Because of this particle 
ingestion size range, they can effectively remove a large majority of or even completely deplete 
detritus, bacteria and algae from the water column when they occur at high densities/biomass 
(Mikheev 1994, McMahon 1999, Boltovskoy et al. 1995; Cloern, 1982 Fréchette and Bourget 
1985; Dame and Olenin 2005). Consequently, Corbicula play a key role in the stability of 
aquatic ecosystems (Herman and Scholten 1990; Kotta et al 2005; Dame and Olenin 2005). 
Corbicula has been shown to initiate pseudofeces production at 17 to 20 mg l-1 TSS (Fuji 1979, 
Hornbach et al. 1984, Way et al. 1990; Appendix 37). See Appendix 37 for a detailed description 
of the effects of inorganic suspended matter on bivalves, including Corbicula and native mussels 
in the Jordan River.  
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Filter-feeding Selectivity 
 

Corbicula is considered to be mostly a non-selective, filter-feeder (Lauritsen 1986; Way et al. 
1990; Beaver et al. 1991). Several feeding studies have suggested that Corbicula grow equally 
well on green algae and diatoms and assimilation and net production efficiencies of Corbicula 
fed the cyanobacteria, Anabaena oscillaroides were not significantly different than those fed 
chlorophytes (Lauritsen 1986; Beaver et al. 1991). The Lauritsen (1986) study found that the 
lowest filtration rates and the highest assimilation efficiencies were with another cyanobacteria, 
Anabaena flos-aquae. Corbicula are even thought to have reduced the severity of cyanoHABs in 
the Potomac River (Phelps 1994).  

Nutrient Ingestion and Excretion 
 

Corbicula can digest and assimilate N from different sources of POM with efficiencies from ≈20 
to 90% (Newell et al. 2005). Some nitrogen and phosphorus regeneration is a direct result of 
Corbicula excretion from filter feeding on phytoplankton (Newell et al. 2005). High densities of 
Corbicula in eutrophic systems are completely capable of reducing water column phosphorus 
(TP) levels (Beaver et al. 1991). Boltovskoy et al. suggested that Corbicula needed roughly 66 to 
673 mg C m-2 h-1 (mean: 289) for respiration only and that phytoplankton ingestion alone may 
only supply 2 to 51% of organic matter C required for respiration.   

Nutrients excreted into the water column by Corbicula in dissolved inorganic form may be 
readily available to phytoplankton and periphyton (Arnott and Vanni 1996; Hakenkamp and 
Palmer 1999). Nitrogen excretion (g-1 dry weight) is size dependent; smaller bivalves excrete 
less than larger bivalves however, smaller bivalves may excrete more P per gram dry weight than 
larger bivalves (Arnott and Vanni 1996; Hakenkamp and Palmer 1999). Thus small clams 
relative to medium or large clams can excrete at significantly lower N:P ratios, however, 
excreted N:P in all size classes can often be lower than that which occurs in the water column 
and may shift phytoplankton towards N limitation (Arnott and Vanni 1996). This can have direct 
effects on species-specific phytoplankton growth rates, which may allow cyanobacteria to 
outcompete algal phytoplankton. However, Corbicula filter feed both cyanobacteria and algae 
and net effects need to be calculated. 

Newell et al. (2005) reported average ammonium excretion rates of Corbicula:  

≅ 6.0 µmol NH4 + g-1 DW h-1 (DW = dry tissue weight) 

and average phosphorus excretion rates  

≅ 1.2 µmol P g-1 DW h-1 (DW = dry tissue weight) 
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Lauritsen and Mozley (1989) reported NH3 excretion rates between 357 and 8642 µmol m-2 day -
1 and PO4 (orthophosphate) rates between 161 and 3924 µmol m-2 day -1 in a coastal plain river 
in Virginia-North Carolina. They estimated that an average size clam of 20 mg DFW would 
excrete 2.06 µmol NH3 hr-1 in summer and 0.95 µmol NH3 hr-1 in winter and 0.36 µmol PO4 hr-1 
in summer and 0.02 µmol PO4 hr-1 in winter. Thus, P recycling by Corbicula can be greater than 
all other sources including; zooplankton, point sources, tributary loading, atmospheric inputs, 
sediments, and macrophytes (Arnott and Vanni 1996). 

Konrad (2013) discussed approaches for evaluating the effects of bivalve filter feeding on 
nutrient dynamics. A summary of these is provided in Appendix 36. 

 

O2 consumption and CO2 respiration 
 

Hokenkamp and Palmer 1999 reported that Corbicula consumes high rates of O2 and respires 
high rates of CO2, which contributes strongly to total metabolism in streambeds and significant 
utilization of OM resources. However, the benefit of Corbicula on reducing hypoxia depends on 
a reduction in the flux of organic detritus to benthic sediments that creates biochemical oxygen 
demand (BOD) through heterotrophic respiration and decomposition of organic material (Konrad 
2013). With respect to carbon dynamics, Corbicula may be the single most important species in 
a stream. 

Boltovskoy et al. (1995) estimated Corbicula densities between 450 and 4500 m-2 (mean 2000 m-

2) and 66 to 673 mg C m-2 h-1 (mean: 289 mg C m-2 h-1) required for respiration only, which 
translates to approximately 16 to 162 (mean 69) g C m-2 day-1. These densities were similar to 
those found by Richards 2017a in the Jordan River. 

 
Turbidity 

 

Filter feeding by Corbicula also reduces turbidity, increases water clarity, and thereby increases 
nutrient mineralization rates and light availablity to microphytobenthos and SAV (Buttner 1986; 
Lauritsen and Mozley 1989; Phelps 1994; Newell et al. 2005; Buttner 1986; Lauritsen and 
Mozley 1989; Phelps 1994; Beaver et al. 1991; Newell 2004; Newell & Koch 2004). Phelps 
(1994) suggested that it was Corbicula filter feeding at high clearance rates that reduced 
turbidity, increased light availability to bottom sections of the Potomac River, and allowed 
aquatic vegetation to reestablish.  
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Figure 66. An additional conceptualization of bivalves (oysters) on nutrient cycling (from 
Newell et al. 2005). The Jordan River is a shallow, often eutrophic water body and this figure is 
a good representation by replacing ‘oysters’ with Corbicula in the illustration.  

 

Sediments and Biodeposition 
 

Most researchers focus on nutrient regeneration of bivalve filter-feeding, however one of the 
more important effects of bivalve feeding is the repackaging of small seston particles into large 
aggregates of feces and pseudofeces, known as biodeposition (Newell et al. 2005; more). 
Particles in bivalve feces are tightly bound in a mucoid matrix and voided as pelleted strings that 
can be as long as several millimeters (Kautsky and Evans 1987, Widdows et al. 1998; Newell et 
al. 2005). Feces and pseudofeces sinking velocities can be up to 40 times faster than that of non-
aggregated particles, although pseudofeces are less tightly bound in mucus than feces and may 
disaggregate when voided (Kautsky and Evans 1987, Widdows et al. 1998; Newell et al. 2005). 
Table 5 displays the enormous amount of biodeposits and bio-sediment formation rates that 
bivalves are capable of. Table 6. shows how a bivalve (oyster) was seasonally capable of 
removing up to several metric tons (5%) of N inputs and more than a ton (35%) of P inputs to a 
watershed per month (based on oysters at 1 g dry weight m-2). Corbicula is assumed to be a 
much more efficient filterer than most oysters and can occur in the Jordan River up to 9.9 g dry 
weight m-2, which suggests it could be removing N and P at much greater rates than shown in 
Table 6.  
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Table 53. Biosediments formation by suspension-feeders. From Ostroumov 2005.  

 

 

Table 54. Newell et al. 2005: Total monthly N and P (kg) inputs and removal by oysters in an estuary. 
Note: This table was based on oysters but exemplifies the contribution bivalves (such as Corbicula) have 
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on nutrient removal. Also note that the nutrient removal values are for 1 bivalve (Oyster) = 1.0 g DW. 
Corbicula in the Jordan River range from mean = 1.1 g DW m-2 up to 9.9 g DW m-2 (see section: 
Corbicula and Potamopyrgus in the Jordan River).  

 

Corbicula biodeposits have been shown to contain ≈ 2 to 3 times as much C, N, and P per unit 
weight as particles settling-out naturally from the water column (Newell et al. 2005)(Table 55).  

Table 55. Example of Bivalve (oyster) Carbon, nitrogen, and phosphorus biodeposits vs. seston (From 
Newell et al. 2005, Table 1). 

 

Although some algae are undigested and passed as feces or pseudofeces (Hill and Knight 1981; 
Galtsoff 1964, Cohen et al. 1984), overall, “Corbicula biodeposition enhances net ecosystem 
losses of N and P via sediment burial and bacterially mediated, coupled nitrification-
denitrification” (Newell et al. 2005). Microphytobenthos may then compete with nitrifying 
bacteria for N, potentially reducing coupled nitrification-denitrification, they retain N and P 
within sediments, further reducing net regeneration to the water column. (Newell et al. 2005). 

Biodeposition can stimulate microbial metabolism sufficiently to cause the sediments to become 
anaerobic when Corbicula are at very high population densities or in locations with low water 
circulation (Newell 2004). When this occurs, nutrients are regenerated primarily as NH4 + and 
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PO4 3, with little or no loss due to burial and denitrification (Newell et al. 2005). Also, under 
these conditions, Corbicula may show several signs of density dependence because it has low 
tolerance of hypoxia relative to other freshwater bivalves of North America (Johnson & 
McMahon, 1998; Matthews & McMahon, 1999). 

As reported in the Water Column section of this report, Cohen et al. (1984) showed that 
Corbicula removed vast quantities of phytoplankton from Potomac River water. They also 
demonstrated that pheopigment concentration in the sediment was proportional to clam biomass, 
thus verifying that Corbicula deposit some partially digested phytoplankton on the bottom as 
feces or pseudofeces. Cohen et al. (1984) also reported that Prokopovich (1969) found that the 
mucoidlike mass of the pseudofeces of Corbicula was a strong binding agent of sediment and 
that it would probably require a bottom-scouring storm to resuspend the excreted, partially 
decomposed algae.  

Clams can experience variation in oxygen availability depending on the habitats occupied (e.g. 
pools versus riffles), diel or seasonal factors, and/or location. Additionally, clams in streams can 
be exposed to low oxygen waters during periods of low flow, during the release of water from 
dams, and/or a significant effect of DO level on final burial depth (Saloom and Duncan 2005). 

Newell et al. (2005) described the major chemical pathway of bivalve deposits as they relate to 
benthic-water column coupling and the inter relationship between aerobic and anaerobic microbe 
communities that have evolved in association with bivalve deposits: 

“Natural sediments have well-developed microbial communities inhabiting distinct zones of 
oxygen content (Henriksen and Kemp 1988). Therefore, bivalve biodeposits that settle on 
sediments with an oxic surface layer are subject to initial decomposition by aerobic bacteria 
Organic materials are oxidized to CO2, PO43-, and NH4+, and other aerobic bacteria further 
oxidize NH4+ to NO2- and NO3-. Some of the NO2- and NO3- diffuses down into underlying 
anaerobic sediments, and some diffuses out of the sediment and enters the water-column 
nutrient pool. In the underlying anaerobic sediments, denitrifying bacteria use the oxidized 
forms of N as terminal electron acceptors, reducing the NO2- and NO3- to N2 gas (Henriksen 
and Kemp 1988, Seitzinger 1988, Risgaard-Petersen et al.1994). Absent N fixation, N2 is 
unavailable to plants and passes to the atmosphere. Denitrification can only occur where 
there is a close juxtaposition between oxygenated sediments that support nitrifying bacteria 
and anaerobic sediments that support denitrifying bacteria (Kristensen 1988). Bacterial 
degradation of particulate organic N and P from bivalve biodeposits that settle to anoxic 
sediments is solely via anaerobic pathways. Because the initial nitrification step is 
precluded, all regenerated N remains as NH4 +, and there is negligible sorption of PO4 to iron 
complexes (Krom and Berner 1981). The microbial communities associated with sediments 
are a crucial element mediating nutrient regeneration processes from biodeposits.” 

 

In addition, total N flux from bivalve respiration and deposits can range from ≈ 1 to 5 mmol N 
m-2 h-1 (Dame et al. 1989; 1991a; Asmus and Asmus 1991; Magni et al. 2000; Newell et al. 
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2005). Dame et al. (1989) estimated that oyster biodeposits transferred ≈189 g N m-2 y-1 from 
the water to the sediments, most of which was regenerated as NH4 + (125 g N m-2 y-1)(Newell et 
al. 2005). Dame et al. (1989) also calculated that bivalves were responsible for a net retention of 
98 g P m-2 yr-1, which was either incorporated into fauna and flora or buried in the sediments, 
with little P release (Newell et al. 2005; Konrad 2013). Newell et al. (2005) concluded that 
because sediment N and P regeneration are less than 100% efficient due to burial and 
denitrification, bivalve feeding reduces recycling and reduces system-level phytoplankton 
production and biomass. 

 

Body tissue and Shell Carbon Consumption and Fixation Rates 
 

Corbicula is an extremely fast growing bivalve. It can grow from a 1 mm juvenile to a 5 cm 
adult within a year and develop very thick shells. These clams require constantly large amounts 
of carbon to incorporate into their shells (CaCO3) during their growth. Carbon sources for shell 
development include organic carbon filtered from the water column or pedal fed from the 
substrate or from CO2 dissolved in the water (Baker 2010). By now everyone is aware that CO2 
is a major greenhouse gas that effects many stream functions, including metabolism and water 
quality. Corbicula fix carbon into refractory proteins that are part of their shells but more 
importantly they fix carbon in the shells themselves, which are approximately 12% carbon by 
weight (Baker 2010). Unlike the carbon contained in plant and animal tissue that can return to 
CO2 to the atmosphere in a few years or less, carbon fixed as CaCO3 can persist for tens to 
hundreds of years as shells or indefinitely as limestone. Shell decay rates are mostly dependent 
on water chemistry and flow (Strayer and Malcom 2007).   

Several studies have measured freshwater bivalve shell production, including Corbicula 
(Aldridge & McMahon, 1978; Strayer et al., 1981; Vincent, Vaillancourt and Lafontaine, 1981; 
Vincent and Lafontaine, 1984). Only a few have measured shell decay (Strayer et al., 1981; 
Strayer and Malcom 2007). Aldridge & McMahon (1978) found that shell production was 
approximately 30 times organic production, suggesting that the populations of Corbicula that 
have been studied had shell production rates of 18–400 g shells m-2 year-1. Dense populations of 
Corbicula might therefore produce more than 1 kg shells m-2 year-1 and are capable of producing 
large amounts >10 kg m-2 year-1 of spent shells (Stayer and Malcom 2007). C, N, and P 
concentrations in bivalve tissues can vary seasonally and differ between body tissue and shells 
(Arnott and Vanni 1996). Zebra mussels are about 5 to 10% dry weight as tissue compared to 
shell dry weight.  

Corbicula and water quality 

Bivalves, including Corbicula, are a severely underestimated key component for maintaining and 
improving water quality in an aquatic ecosystem (Huang et al. 2005; Fulford et al. 2007)(Table 
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56 and Table 57). Their role is powerful, labile, and subject to subtle adjustment and regulation 
(Ostroumov 2005). However, their role in maintaining Jordan River water quality is overlooked 
by every agency other than the Council.  
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Table 56. Water filtration by suspension-feeders may influence other biotic and abiotic processes that are 
involved in water purification. From Ostroumov 2005. 

 

  



 

 285 

 

Table 57. Some key facts and principles that characterize suspension-feeders as part of water- filtering 
biomachinery maintaining water quality and some features of aquatic ecosystem. From Ostroumov 2005. 
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Review of Potamopyrgus Ecology and Ecosystem Effects 
Potamopyrgus densities in the western U.S. can often exceed 300,000 m-2 (Richards et al. 2001; 
Richards 2004; Cross et al. 2010; Arango et al. 2009) and have been reported as high as 500,000 
m-2 in a tributary of the Snake River in Yellowstone National Park (Hall et al. 2003). Richards 
(personal observations) has estimated that this snail can far exceed 250,000 m-2 in the Jordan 
River, particularly on submerged aquatic vegetation where they can be 500,000 m-2. Although it 
is thought to be primarily a parthenogenic livebearer in the western USA (M. Dybdahl, 
Washington State University, personal communication), males have been found to comprise 
from 1- 3% of a population in SW Montana. In the western USA, adult Potamopyrgus are 
typically 4 to 5 mm shell length. Potamopyrgus often comprises 85% to 95% of the invertebrate 
assemblages both in biomass and abundance in many rivers in the western USA (Bowler 1991, 
Richards et al. 2001, Shannon et al. 2003), although for unknown reasons this snail undergoes 
widely varying ‘boom and bust’ population density cycles (Richards unpublished data, Moore et 
al. 2012). 

Hall et al. (2003) and Hall et al. (2006) documented Potamopyrgus diverting > 75% of gross 
primary production in a river in Yellowstone National Park. Their data showed that 
Potamopyrgus consumed nearly 100% of the algal primary production and that algal growth 
rates were slower with increased Potamopyrgus biomass, which suggested that Potamopyrgus 
was consuming high-turnover algal taxa and that its impacts on the aquatic environment were 
comparable to that of the zebra mussel (Dreissenia polymorpha) in the eastern USA (Hall et al. 
2003). Hall et al. (2003) also showed that Potamopyrgus can dominate carbon and nitrogen 
cycles in productive streams, which the Jordan River certainly is. See Table 58 for values 
generated by (Hall et al. 2003). Arango et al. (2009) showed that heavy grazing by 
Potamopyrgus dominated the nitrogen cycle in a stream of similar size to the Jordan River and 
changed periphyton composition by reducing the proportion of green algae and increasing the 
proportion of nitrogen-fixing diatoms. Arango et al. (2009) also showed that nitrogen fixation 
rates increased disproportionately to nitrogen-fixing algal cells, indicating that these snails 
increased nitrogenase efficiency, probably by improving light and (or) nutrient availability to 
nitrogen fixers. Thus, Potamopyrgus has the potential to alter ecosystem function and affect 
whole ecosystem processes wherever it occurs in high densities (Alonso and Castro-Diez 2012), 
including the Jordan River.  
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Table 58. Hall et. al (2003) Table 1 Potamopyrgus production values. 

 

Corbicula and Potamopyrgus in the Jordan River 
The Jordan River is fairly shallow (< 2 m), eutrophic, and the water column is well mixed. It is 
also, heavily urbanized, degraded, and regulated (Richards 2017b). However, its water chemistry 
continues to be ideal for mollusk production, including the now resident clam, Corbicula and 
snail, Potamopyrgus. Both Corbicula and Potamopyrgus reach much higher than average 
densities and biomass in sections of the Jordan River than elsewhere in the world (Table 59; 
other citations throughout this report). The following sections discuss rate estimates and effects 
of the snail and clam in the Jordan River9. 

Corbicula in the Jordan River 

Corbicula densities and biomass are both spatially and temporally variable in the Jordan River 
(Richards 2017a; 2017b; Table 59). Results in this section were based on density estimates from 
mostly riffle and run habitats between the Jordan River’s confluence with Mill Creek and 900 S, 
the area intensively surveyed by Richards (2017a). However, Corbicula densities upstream of 
Mill Creek confluence are within the range reported in Table 59. Pool habitats almost always 
have very low densities of live clams. 

 

Table 59. Descriptive statistics of live Corbicula m-2 in the Jordan River. Based on Richards 2017a. 

11a. Live clams and empty shells m-2 in run habitat 

 N Mean Std. Error Median 25th  75th Maximum 

 
9 Note: All of the values in all of the tables for Jordan River are rough estimates. Values in tables should 
be considered reasonably accurate but not precise. There were many variables that effected these 
estimates. Some estimates were based on data for other bivalve taxa (e.g.oysters). Temperature effects, 
seasonal effects, and individual Corbicula biomass variability, etc. need to be accounted for. Field data 
collection is critically needed to verify and adjust.  
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54th South to Mill Creek 7 271 76 297 85 444 575 

Mill Creek to 21st South 12 449 279 122 79 348 3,502 

17th South to 13th South 9 4,175 1,670 2,180 1,245 4,880 16,400 

13th South to 9th South 13 1,014 467 250 39 1,366 6,100 

Total 41 1,416 453 353 85 1,366 16,400 

 

11b. Live clams m-2 in run habitat 

 N Mean Std. Error Median 25th  75th Maximum 

54th South to Mill Creek 7 175 49 150 53 275 367 

Mill Creek to 21st South 12 179 66 99 33 258 837 

17th South to 13th South 9 2,635 1,287 956 650 3,420 12,400 

13th South to 9th South 13 676 295 130 13 1,100 3,700 

Total 41 875 323 262 40 837 12,400 

 

11c. Empty shells m-2 in run habitat 

 N Mean Std. Error Median 25th  75th Maximum 

54th South to Mill Creek 7 97 38 78 17 147 300 

Mill Creek to 21st South 12 271 218 43 28 90 2,665 

17th South to 13th South 9 1,540 432 1,224 595 1,712 4,000 

13th South to 9th South 13 338 179 110 25 350 2,400 

Total 41 541 149 110 31 512 4,000 

 

11d. Live clams and empty shells m-2 in pool habitat. N = 7 samples 

 Mean Std. Error Median 25th  75th Maximum 

Live clams 4 1 6 1 6 8 
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Empty shells 5 1 6 3 7 10 

Live clams and empty shells 10 2 10 4 15 16 

 

Corbicula prefer well oxygenated sediments (Belanger et al. 1985; Richards 2017a; 2017b) and 
their populations are often much lower or absent in sediments of high organic and low oxygen 
content (Aldridge and McMahon 1978; McMahon 1979; Eng 1979). This is similar to what 
Richards 2017a and 2017b reported; high abundances in run habitat, low to absent abundances in 
slower pool habitats with high organic and low oxygen contents.  

 

Estimated Water Column Filtration Rates for Corbicula in the Jordan River 
 

Karatayev et al. (2005) stated that in small water body streams (e.g. Jordan River), Corbicula 
could filter the volume of water equivalent to that of the entire waterbody from 16 min to 4 days 
(see Table 3). 

Based on Karatayev et al. (2005) estimates, it should only take Corbicula ≤ 1 day to filter the 
entire water column in sections of Jordan River where the clam is at high densities and less 
than a week in other locations. Lauritsen (1986) estimated average sized Corbicula water 
column filtering rates at three temperatures shown in Table 60.  

Table 60. Corbicula filtrations rates reported by Lauritsen (1986) at three temperatures (Similarly sized 
clams (mean shell length=22.4 mm) were used for testing. At 80 C, only data from clams that opened their 
shells were analyzed). 

 

Filtration rates were estimated for Corbicula in the Jordan River using Lauritsen (1986) rates 
(Table 60) and density estimates from Table 59. Results are presented in Table 61.  

Table 61. Estimated filtration rates of Corbicula in the Jordan River at 3 temperature means and standard 
errors from rates published by Lauritsen (1986).  

Corbicula Density 8o C 20 oC 21o C 
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(m-2) m3 m-2 hr-1 m3 m-2 hr-1 m3 m-2 hr-1 

Median = 650 
0.16 

(+ 0.01) 

0.59 

(+ 0.03) 

0.62 

(+ 0.05) 

Mean  = 1,435 
0.35 

(+ 0.02) 

1.301 

(+ 0.06) 

1.37 

(+ 0.10) 

75th = 1,223 
0.30 

(+ 0.01) 

1.11 

(+ 0.05) 

1.16 

(+ 0.09) 

95th = 3,700 
0.91 

(+ 0.04) 

3.35 

(+ 0.15) 

3.52 

(+ 0.28) 

99th = 12,400 
3.05 

(+ 0.16) 

11.23 

(+ 0.50) 

11.80 

(+ 0.93) 

 

Estimated N and P consumption rates for Corbicula in the Jordan River 
 

Table 14 contains monthly and daily nitrogen and phosphorus consumption rates based on 
Newell et al. 2005.  

Table 62. Monthly and daily Nitrogen and Phosphorus consumption rates (mg m-2) for Corbicula in the 
Jordan River during summer months (June-September = 122 days) based on Newell et al. (2005). See 
Table 6 from Newell et al. (2005) monthly consumption rates adjusted by mean and se for Corbicula 
density adjusted biomass.  

 Month Day 

Corbicula Biomass1  

(g m-2) 

N 

mg m-2  

(+ SE) 

P 

mg m-2  

(+ SE) 

N 

mg m-2 

(+ SE) 

P 

mg m-2 

(+ SE) 

Mean 189.84 

(145.19, 234.49) 

68.63 

(52.47, 84.79) 

1.56 

(1.19,1.92) 

0.56 

(0.43,0.70) 

-1 SE 120.18 

(91.91, 148.44) 

43.45 

(33.21, 53.68) 

0.99 

(0.75,1.22) 

0.36 

(0.27,0.44) 
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+1 SE 259.11 

(198.17, 320.05) 

93.67 

(71.61,115.73) 

2.12 

(1.62,2.62) 

0.77 

(0.59,0.95) 

 

Estimated O2 Consumption Rates for Corbicula in the Jordan River 
 

Table 63 contains estimated O2 consumption and CO2 respiration rates for Corbicula in the river 
based on Hakenkamp and Palmer (1999) rates. 

 

Table 63. Estimated O2 consumption and CO2 respiration rates (mg m-2 hr-1) by Corbicula in run habitat 
sections of the Jordan River downstream CVWRF to 900 South. 

Corbicula Density 

(m-2)a 

Corbicula Dry Weight 

(g m-2)b 

O2 consumption 

(mg m-2 hr-1)b 

CO2 respiration 

(mg m-2 hr-1)c 

Median = 650 0.52 1.01 0.85 

Mean (± SE) = 1,436  

(910, 1962) 

1.15 

(0.73, 1.57) 

2.01 

(1.34, 2.67) 

1.70 

(1.14, 2.27) 

75th = 1,223 0.98 1.74 1.45 

95th = 3,700 2.96 4.87 4.14 

99th = 12,400 9.92 15.86 13.48 

aJordan River Corbicula density estimates downstream of CVWRF in non-pools (from Richards 2017)(see 
Table 59 for more descriptive stats on density estimates). 
bBased on Hakenkamp and Palmer (1999) Corbicula dry weight estimates and regression model: oxygen consumed 
= 0.19 + (1.58 X Corbicula dry weight (g)). 
cBased on Bott (2007) Respiratory Quotient: 1 mol CO2 respired/1 mol O2 consumed = 0.85 
 
Based on these estimates of high O2 consumption rates and CO2 respiration rates, it is obvious 
that Corbicula contributes strongly to total metabolism in the water column and streambed 
sediments in the Jordan River. Because every 1 mole of oxygen consumed by Corbicula is 
roughly equivalent to the release of 1 mole of carbon in the form of carbon dioxide (Respiratory 
Quotient = 0.85; e.g., Bott 1996), the high respiration rate found for Corbicula reflects 
significant utilization of organic matter resources (Hakenkamp and Palmer 1999). These CO2 
respiration rates combined with the as of yet unmeasured amount of sequestering of C into their 
shells, and results from Hakenkamp and Palmer (1999), clearly shows that Corbicula is likely the 
single most important species in the Jordan River with respect to carbon dynamics and stream 
metabolism. 
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Total O2 consumption rates in the Jordan River obviously need to include Corbicula 
consumption rates but also need to account for other sources (i.e. decomposition of dead 
phytoplankton, microbes, plant and animal matter, and benthic algae, etc). This report has shown 
that Corbicula can remove vast amounts of small POM including phytoplankton and 
zooplankton and microbes from the water column and OM from the sediments, which otherwise 
would have contributed significantly to O2 demand in the Jordan River. In addition, Corbicula 
reduces turbidity by consuming vast amounts of suspended solids in the water column, which 
allows more light to reach the benthos, which in turn allows photosynthetic benthic algae to grow 
and respire O2 during daylight hours. The net result would be that the proportion of the total O2 
demand in the river contributed by Corbicula O2 consumption rates would be substantially 
lower. However, as stated earlier, the benefit of Corbicula on reducing hypoxia depends on a 
reduction in the flux of organic detritus to benthic sediments that creates biochemical oxygen 
demand (BOD) through heterotrophic respiration and decomposition of organic material (Konrad 
2013).    

Estimated Ammonium and Phosphorus Excretion Rates in the Jordan River 
 

Newell et al. (2005) reported average ammonium excretion rates of Corbicula:  

≅ 6.0 µmol NH4 + g-1 DW h-1 (DW = dry tissue weight) 

and phosphorus excretion rates: 

≅ 1.2 µmol P g-1 DW h-1 (DW = dry tissue weight) 

 Table 64. contains Corbicula ammonium and phosphorus excretion rates based on these values.  

Table 64. Estimated average ammonium (NH4
+) and phosphorus (P) excretion rates of Corbicula in the 

mid-Jordan River 

Density 

(m-2)a 

Dry weight 

(g m-2)b 

NH4
+ excretion 

(µmol m-2 day-1)b 

P excretion 

(µmol m-2 day-1)b 

Median = 650 0.52 75 15 

Mean (± SE) =  

1,436 (910,1962) 

1.15  

(0.73 1.57) 

165  

(105, 226) 

33  

(21, 45) 

75th = 1,223 0.98 141 28 

95th = 3,700 2.96 426 85 
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99th = 12,400 9.92 1,426 286 

 

Estimated Sediment Organic Matter Consumption Rates in Jordan River 
 

Table 65 contains estimated Corbicula organic matter rates in the Jordan River based on these 
values. 

Table 65. Estimated organic matter (OM) consumption rates (mass unit area-1 day-1) by Corbicula pedal 
feeding in the Jordan River.  

Density1 g m-2 day-1 kg  km-1 day-1 metric tons km-1 year-1 

Mean   

(± SE) 

7 

(6, 10) 

72 

(46, 986) 

26 

(17, 36) 

Median 3 33 12 

75th 6 61 22 

95th 19 185 68 

Maximum 62 6,200 226 

 

Boltovskoy et al. (1995) estimated Corbicula densities between 450 and 4500 m-2 (mean 2000 m-

2) and 66 to 673 mg C m-2 h-1 (mean: 289 mg C m-2 h-1) required for respiration only, which 
translates to approximately 16 to 162 (mean 69) g C m-2 day-1.  

 
Carbon Consumption and Fixation Rates of Corbicula in the Jordan River 

 

Aldridge and McMahon (1978) showed that Corbicula had shell production rates of 18–400 g 
shells m-2 year-1 and that dense populations of Corbicula are capable of producing large amounts 
>10 kg shells m-2 year-1 (Stayer and Malcom 2007). Baker (2010) estimated that Corbicula shells 
were approximately 12% carbon by weight (Baker 2010). This suggests that average densities in 
the Jordan River, Corbicula are capable of sequestering ≈ 1 kg C m-2 year-1. This could equate to 
≈ 10 metric tons C km-1 year-1 in some sections of the Jordan River. 

Potamopyrgus in the Jordan River 

Hall et al. (2003) estimated production, excretion, and egestion rates for Potamopyrgus in a 
highly productive stream at snail densities 500,000 m-2. Densities of Potamopyrgus in the Jordan 
River are within this range and the Jordan River is likely much more productive than the river 
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examined by Hall et al. (2003). Therefore, the estimates made by Hall et al. (2003) are probably 
similar for the Jordan River.  Assuming these values are reasonably accurate, then Potamopyrgus 
in the Jordan River can have production rates ≈ 1500 mg AFDM m-2 day-1; excretion rate ≈ 8 
mg N m-2 day-1; and egestion rates ≈ 200 mg N m-2 day-1.  At these high rates, Potamopyrgus is 
most certainly co-dominating nitrogen and carbon cycles with Corbicula in the Jordan River and 
likely with other ecosystem functions, including those that affect water quality. Much more 
research is needed on nutrient and carbon rates and other ecosystem effects of Potamopyrgus to 
the river.  

Corbicula and Potamopyrgus in the Jordan River 

Individually, Corbicula and Potamopyrgus have major ecosystem effects in the Jordan River as 
shown throughout this report. However, both co-occur in the river with potentially synergistic 
effects.  For example, as illustrated in Figure 67, Corbicula filter feed (ingest) vast amounts of 
POM, nutrients, bacteria, etc. from the water column, which decreases turbidity, increases light 
penetration, and transform nutrients (TN and TP) into more biologically available forms (e.g. 
NH4 and PO4). The increased light penetration can allow benthic photosynthetic algae, SAV, and 
epiphytes on SAV to prosper, which Potamopyrgus readily grazes (doesn’t graze SAV). The 
effects of grazing are to stimulate algae and epiphyte production by reducing standing stock and 
increasing readily used nutrients via snail excretion. Reduction of epiphyte biomass also allows 
SAV to increase production. Increased primary-autotrophic production mitigated by Corbicula 
and Potamopyrgus in combination, accelerates nutrient cycling in the river.  

 

Figure 67. Potential synergistic effects of Corbicula and Potamopyrgus on nutrient cycling in the Jordan 
River. See text above for description.  
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Figure 67 is but one example of the potential synergistic effects of Corbicula and Potamopyrgus 
on the Jordan River’s ecosystem. Much more research is needed to determine the interaction 
effects between these snails and clams and the Jordan River ecosystem.  

Discussion and Conclusion 
Results from this report clearly show that the invasive ‘good luck clam’ Corbicula fluminea and 
the New Zealand mudsnail, Potamopyrgus antipodarum co-dominate ecosystem functions in the 
Jordan River with pathways that have been well described in the literature. These snails and 
clams can mitigate improved water quality in the Jordan River, free of monetary expenditures. 
Contrary to the current Jordan River paradigm; microbial assemblages do not govern ecosystem 
functioning in the Jordan River. It is both Corbicula and Potamopyrgus that co-regulate the 
community structure of aerobic and anaerobic microbes. The effects of the snails and clams on 
the Jordan River’s metabolism, nutrient cycling, cyanoHABS, etc. should now be well apparent 
to researchers and managers and when taken into account, explain the vast majority of 
unexplained variability and discrepancies reported in past research. Corbicula and Potamopyrgus 
are here to stay in the Jordan River and for better or worse, are now integral components of what 
is considered by restoration and conservation ecologists to be a ‘novel ecosystem’. A novel 
ecosystem is the establishment of an ecosystem that differs in composition and/or function from 
the past system and is an almost inevitable consequence of changing species distributions and 
environmental alteration through climate and land use change (Root and Schneider 2006; Harris 
et al. 2006; Hobbs et al. 2009). The novel Jordan River ecosystem is now dependent on the 
services of two once invasive species but who are now residents to maintain and improve its 
current ecological state and provide resilience to anthropogenic nutrient inputs; the grazer, 
Potamopyrgus and the filter-feeding, benthic-feeding, pseudofeces-forming bivalve, Corbicula.  

Recommendations 
1. Conduct field research to verify and update estimated values calculated for Jordan River 

from literature and presented in this report. Specifically, estimate densities of Corbicula 
and Potamopyrgus in sections not surveyed by OreoHelix Consulting and The Wasatch 
Front Water Quality Council. Conduct in situ experiments using the most up to date 
methods for estimating: carbon, nitrogen, and phosphorous filtering and consumption 
rates, excretion rates, and carbon fixation rates, etc. (see Same and Olenin 2005; . Relate 
these findings to water chemistry values in the Jordan River and determine the effects of 
the clam and snail. Update all Jordan River reports with this new information. Inform 
researchers and managers. 
 

2. The Clean Water Act explicitly provides for the protection and propagation of our 
nation’s fish and shellfish, of which Corbicula and Potamopyrgus obviously are the 
latter. UDWQ does not differentiate between native and invasive species in their 
monitoring or protection and is thus responsible for the snails and clams continued 
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persistence and viability. However, Corbicula or Potamopyrgus could be having trade-off 
between positive and negative impacts (e.g.O2 depletion, lower N:P) in the Jordan River 
when their densities reach a certain, as of yet determined level. An possible solution 
would be to harvest Corbicula, either recreationally or commercially at a yet to be 
determined rate, as they do in many places in the world. However, these clams may be 
considered unsafe for consumption because of toxic substances in their tissues (e.g. 
metals, E. coli).  If toxicants are a problem in the Jordan River then it stands to reason 
that a major impairment in the Jordan River is not nutrients (Corbicula and 
Potamopyrgus take care of this) but toxic substances, including E. coli, which should be 
considered a management priority by water quality managers.  
 

3. Consider aquaculture use of Corbicula in Jordan River to reduce nutrient inputs from 
POTWs. Nutrient trading schemes are being considered between municipal waste water 
treatment facilities and the extra market value of nutrient removal offered by bivalve 
aquaculturalists in Chesapeake Bay and monitored by EPA. (Newell 2004). Corbicula 
harvesting would also be a measurable contribution to reducing CO2 emissions and the 
effects global climate change.  
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Appendix 36. Summary of approaches for assessing the effects of bivalve filter feeding on 
nutrient dynamics. From Konrad 2013. 
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Appendix 37. Effects of inorganic suspended matter on mussel population viability in the utah 
lake/jordan river drainage: a preliminary literature review. 
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Introduction 

Detailed analyses of native mussel population surveys and viability in the Utah Lake/Jordan 
River drainage were presented to the Jordan River Farmington Bay Water Quality Council in 
several reports including, Richards (2016) “Recalculation of Ammonia Criteria for Central 
Valley Water Reclamation Facility’s Discharge into Mill Creek, Salt Lake County, UT based on 
Native Unionoida Surveys and Metapopulation Dynamics” and Richards (2016) “Recalculation 
of Ammonia Criteria for Timpanogos Special Service District and the Cities of Orem and Provo 
Water Reclamation Facilities Discharge into Utah Lake based on Native Unionoida Surveys and 
Metapopulation Dynamics”.  Because of the large number and combination of stressors and 
factors examined in these reports that were considered responsible for the near extinction of the 
two once abundant native mussel taxa in this drainage, Margaritifera falcata and Anodonta 
nuttalliana/californiensis, only a limited discussion on the effects of suspended inorganic matter 
(SIM) on their viability was included. A brief literature review on the importance of SIM to 
native mussel population viability in Utah Lake/Jordan River drainage follows. 

 

Literature Review 

High concentrations of inorganic solids (sand, silt, clay, etc.) often originate from erosion related 
to agriculture, forestry, and urbanization, and can alter feeding patterns, substrate composition, 
and food web dynamics (Waters 1995). Concentrations of suspended inorganic matter (SIM)(e.g. 
suspended inorganic solids) are well known to affect mussel respiration, growth, parasite 
infestation and reproduction (Box and Mossa 1999, Robinson et al. 1984, Alexander 1994, 
Rosewarne et al 2013, and Tokumon et al. 2016). These effects subsequently can reduce native 
mussel population viability and increase extinction risk.  
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Feeding is strongly impeded for many filter feeding bivalves due to high levels of SIM 
(Robinson et al. 1984, Jorgensen 1996, Lei et al. 1996, Cheung and Shin 2005, Velasco and 
Navarro 2005, and Tokumon et al. 2016). The reasons for negative effects of SIM on mussel 
feeding are numerous and can include decreases in the proportion of organic material (i.e. food) 
in suspension, which can then result in much higher energy expenditures in sorting out and 
eliminating energetically unprofitable particles (Jorgensen 1990, Velasco and Navarro 2005, Safi 
and Hayden 2010). Tokumon et al. (2016) suggested that water pumping activity of the invasive 
bivalve, Limnoperna fortunei (Family Mytilidea) did not differ noticeably at different SIM 
concentrations, but at low sediment loads the production of pseudofaeces was moderate whereas 
at at high concentrations mussels expelled mucus-embedded strings of material at noticeably 
higher rates. This indicates that the ability of mussels to sort and ingest organic particles from 
total suspended solids can be reduced severely by SIM (Robinson et al. 1984, Berg et al 1996, 
Baker et al 1998).  

 

Gascho Landis et al. (2013) showed that total suspended solids (TSS) interfered with fertilization 
and caused reproductive failure of Ligumia subrostrata (Family Unionidae). They found that 
clearance rates dropped abruptly and remained uniformly low at a threshold level of total 
suspended solids > 8 mg l-1. Gascho Landis et al. (2013) proposed that “reduced clearance rates 
could decrease the chance of females encountering suspended sperm during filter feeding, or an 
increase in pseudofeces production could bind sperm in mucus and lead to its egestion before 
fertilization”. They also concluded that “interruption of fertilization coincident with high TSS 
(total suspended solids) is a potential mechanism to explain the lack of mussel recruitment in 
many locations”. 

 

TSS can have profound effects on reproduction. In the Gascho Landis et al. (2013) study, the 
percentage of brooding Ligumia subrostrata females decreased sharply with increasing TSS and 
complete reproductive failure occurred in hypereutrophic ponds with TSS > 20 mg l-1. They 
found that the proportion of females that became gravid during the experiment was strongly 
related to TSS best characterized by an exponential decline. At the lowest mean TSS, the 
majority of females were gravid, but this percentage declined rapidly with increasing mean TSS. 
No gravid unionid females were found at TSS >20 mg l-1 (Gascho Landis et al. 2013). Gascho 
Landis et al. (2013) also reported that L. subrostrata mussels were largely extirpated from lakes 
with the shallowest Secchi depths (hyper- eutrophic lakes), possibly indicating a threshold above 
which increased nutrients and resultant organic solids have a negative effect.  
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In other studies, decreased clearance rates (the volume of water cleared of particles per unit time) 
for 3 unionid species subjected to intermittent exposure to extremely high levels of suspended 
sediment was proposed as a cause of decreased growth or starvation (Aldridge et al. 1987). 
Recruitment strength of Margaritifera margaritifera, the European version of M. falcata was 
negatively related to turbidity and deposited sediment, but the mechanism for this relationship 
was unclear (Osterling et al. 2010). Others have also shown that unionid filter feeding is often 
disrupted at levels > 20 mg l-1 (Hornbach et al. 1984, Way et al. 1990). 

 

Even relatively pollution tolerant invasive Asian clams (Corbicula sp.) and fingernail clams 
(Sphaerium) initiated pseudofeces production at 17 to 20 mg l-1 TSS (Fuji 1979, Hornbach et al. 
1984, Way et al. 1990). Invasive Zebra mussels (Dreissena polymorpha) can initiate pseudofeces 
production at 27 mg l-1 (Lei et al. 1996, Schneider et al. 1998) and TSS loads dominated by 
inorganic particles can decrease their growth rates (Osterling et al. 2007). 

 

SIM and Native Mussel Viability in the Utah Lake/Jordan River Drainage 

Total suspended solids in Utah Lake and Jordan River proper, although relatively low compared 
to many other waters in the world (Meybeck 2003), have levels that are likely detrimental to 
native mussel viability. By itself, high levels of TSS could explain the absence of Margaritifera 
falcata and the near extirpation of Anodonta nuttalliana/ californiensis from this drainage. 
Combined with the other factors reported in the Richards 2016 reports; the likelihood of 
recolonization of either taxon in the drainage is near zero.  

 

Jordan River Farmington Bay Water Quality Council researchers reported TSS levels of 56.3 mg 
l-1 (VSS = 11.7 mg l-1) in Utah Lake at its outlet into the Jordan River. Background TSS levels 
are typically between 23 and 38 mg l-1 (VSS about 5 mg l-1) downstream in the Jordan River. 
These TSS levels are well within and above the known ranges that have been shown to severely 
affect mussel reproduction (see Literature Review above). High levels of TSS in Beer Creek that 
supports one of the last remaining Anodonta nuttalliana/ californiensis populations could also 
partially explain why no apparent reproduction has been observed. TSS will likely continue to 
negatively affect remaining native mussel viability and their recolonization potential in the Utah 
Lake/Jordan River drainage until TSS levels are drastically reduced from sources such as erosion 
related to agriculture, forestry, industrialization, and urbanization.  
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