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The Partnership for the Delaware Estuary brings together people, businesses, and 
governments to restore and protect the Delaware River and Bay. We are the only 
organization that focuses on the entire environment affecting the river and bay — 
beginning in Trenton, including the greater Philadelphia metropolitan area, and 
ending in Cape May, New Jersey and Lewes, Delaware. We focus on science, 
encourage collaboration, and implement programs that help restore the natural 
vitality of the river and bay, benefiting the plants, wildlife, people, and businesses 
that rely on a healthy estuary.  
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Executive Summary 

Where abundant and healthy, freshwater mussels furnish many important ecosystem services, such 

as filtering and transforming pollutants that degrade water quality.  Unfortunately, freshwater 

mussels are one of the most imperiled animal groups in North America. In the coastal zone areas 

of southeast Pennsylvania, few streams, rivers and lakes have any mussels left out of the 12 species 

that are native to the Delaware River Basin, and where they are found they rarely are diverse and 

successful at reproducing. Judging from historical data and reference sites, most freshwater areas 

of southeast PA once had large and diverse beds of mussels. Since each adult mussel can filter up 

to 10 gallons of water per day, the loss of natural ecosystem services because of the decline of 

mussel distribution, diversity and population abundance likely complicates our ability to maintain 

good water quality. 

Since 2007, the Partnership for the Delaware Estuary has collaborated with many partners to 

design and implement a Freshwater Mussel Recovery Program to conserve and restore natural 

populations of these “ecosystem engineers,” to help reverse their declines and promote cleaner 

water. This program includes an array of restoration tactics that include reintroduction and habitat 

improvement, as well as research, monitoring surveys, and outreach to the public. A major 

bottleneck to this program has been the supply of mussels needed to support these activities, since 

there are so few wild animals left. This research project was an extension of previous research 

supported by the PA Coastal Zone Program whereby we produced our first large quantity of one 

species of freshwater mussels in 2017, working with a hatchery operated by the United States Fish 

& Wildlife Service (USFWS) (Cheng and Kreeger 2018). In the original project, more than 50,000 

juvenile alewife floaters, Utterbackiana implicata (UTIM), were produced. This large quantity of 

UTIM mussels supported an extensive pond-rearing study that included innovative method 

development and a multi-pond comparative study to learn which types of rearing locations support 

fastest and most reliable growth of young mussels. After the pond rearing phase concluded, 

thousands of surviving mussels were then relocated to suitable natural habitats in support of water 

quality and mussel bed restoration.   

With additional funding, this study was expanded to another phase in 2019, whereby we 

incorporated a second species of mussel, the eastern pondmussel, Ligumia nasuta (LINA). By 

propagating and growing a new species, we sought to expand our understanding of species-specific 

mussel growth rates and survival at the study sites that proved best in 2017. For direct comparative 

purposes, we also propagated another batch of UTIM, allowing side-by-side analyses of growth 

rates and survival at various mussel rearing pond locations. We also used some of the animals of 

both species to optimize long-term rearing methods in the captive care environment of the 
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hatchery, allowing a direct contrast between natural and laboratory growing conditions.  As during 

2017, we worked with the USFWS at their Harrison Lake National Fish Hatchery to produce the 

mussels, and we worked with the Philadelphia Water Department (PWD) at the Fairmount Water 

Works Interpretive Center to test laboratory rearing methods. The Academy of Natural Sciences 

of Drexel University (ANSDU) served as a partner for some of the pond-rearing work. 

The main outcomes from this study are summarized below: 

 Large numbers of two species of freshwater mussels were propagated, reared, and 

subsequently used to support diverse research, restoration and educational programs during 

2019. More than 40,000 juveniles were produced for each of two species: the alewife 

floater, Utterbackiana implicata and the eastern pondmussel, Ligumia nasuta. This was 

our first attempt to propagate large numbers of eastern pondmussels.   

 Mussels generally grew very well at a variety of field rearing sites, including small ponds, 

large reservoirs, and the tidal shoreline along the Delaware River. Growth and survival was 

better when mussels were moved to the field at sizes greater than 5 mm shell length, 

compared to younger mussels smaller than 1 mm shell length.  

 To allow mussels to grow larger in the hatchery, thus boosting field rearing success, new 

Recirculating Aquatic Systems (RAS) were developed to rear mussels for a period after 

their initial nursery systems (i.e. after they outgrow Barnhart Buckets).  The new systems 

contain sediment and better food conditions. Mussel growth and survival in the RAS tanks 

was very good, with minimal mortality, and further improvements are planned for future 

studies. 

 At some sites eastern pondmussels grew faster than alewife floaters, and at other sizes the 

opposite was found.  These results may be confounded by dissimilar initial body sizes, but 

more analysis is warranted because it’s plausible that different mussel species might fare 

better under different environmental or food conditions.   

 A new type of mussel basket was tested for field rearing. Although it is smaller and cheaper 

to fabricate, it was found to support the same mussel growth and survival as the traditional, 

larger baskets. This result improves the cost-effectiveness of field rearing of juvenile 

mussels. 

 Some of the mussels produced in 2019 were given to teachers with guidance on how to 

care for them.  The teachers then tested “Mussels in the Classroom,” a pilot program to 

provide hands-on curricula that promotes education about aquatic ecology and the 

importance of natural habitats and organisms for sustaining clean water.  
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 Water quality and seston composition sampling suggested that our field rearing locations 

have suitable conditions to support mussels, but the sampling and analyses were too limited 

to judge whether differences in environmental conditions led to site-specific variation in 

mussel performance. The larger field sites tended to support fastest growth and consistently 

higher survival. More research is needed to isolate the reasons for this, but it is plausible 

that the larger water bodies are better buffered from runoff events and/or have better 

flushing rates through the culture systems. Designed experiments and more intensive 

monitoring of water and food conditions will be needed to identify specific cause-effect 

relationships. 

These findings represent significant advances in our efforts to boost the success of mussel 

propagation and restoration through southeast Pennsylvania.  These contributions will improve the 

cost-effectiveness and scalability of the Mussels for Clean Water Initiative, which is expected to 

alleviate the “mussel bottleneck” that currently constrains freshwater mussel research, restoration 

and education in the region.  
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Importance of Freshwater Mussels 
In North America, more than 70% of nearly 300 native species are endangered, threatened, or of 

special concern (Williams et al. 1993) making them the most imperiled taxa nationally (Nobles 

and Zhang 2011). Freshwater mussels are also considered the most imperiled animal locally in the 

Delaware River Basin with declines in species richness, range of distribution, and population 

abundance (PDE 2012a, 2012b). The majority of the 13 native species to the Basin are of 

conservation concern and few areas support robust populations of common species (Table 1). 

Emerging data suggest that healthy populations of freshwater bivalves contributed to the 

maintenance of water quality and have other significant ecological roles, and thus the decline of 

mussel populations may exacerbate water quality impairments.  

The ecosystem services associated with mussel populations depend on population abundance and 

body sizes, similar to other filter feeding bivalves (e.g., clams, mussels, oysters) (Strayer 1999, 

Dame 2012). Due to their imperiled status and potential importance in ecosystem functioning and 

Table 1. Conservation status of freshwater mussel species in the Delaware River basin. 
 

Freshwater Mussel Identification State Conservation Status 

Scientific Name Common Name DE NJ PA 

Alasmidonta heterodon Dwarf Wedgemussel Possibly Extirpated Endangered Critically Imperiled 

Alasmidonta undulata Triangle Floater Possibly Extirpated Threatened Vulnerable 

Alasmidonta varicosa Brook Floater Extirpated Endangered Critically Imperiled 

Elliptio complanata Eastern Elliptio Secure Common Apparently Secure 

Lampsilis cariosa Yellow Lampmussel Possibly Extirpated Threatened Apparently Secure 

Lampsilis radiata Eastern Lampmussel Critically Imperiled Threatened Critically Imperiled 

Lasmigona subviridis Green Floater no data Endangered Imperiled 

Leptodea ochracea Tidewater Mucket Critically Imperiled Threatened Critically Imperiled 

Ligumia nasuta Eastern Pondmussel Critically Imperiled Threatened Imperiled 

Margaritifera margaritifera Eastern Pearlshell no data no data Critically Imperiled 

Pyganodon cataracta Eastern Floater Apparently Secure Secure Apparently Secure 

Strophitus undulatus Creeper Critically Imperiled Species of Concern Secure 

Utterbackiana implicata Alewife Floater Critically Imperiled Secure Vulnerable 
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water quality, there has been a rise in national interest in protecting and understanding these 

animals. This expanded interest is reflected by the greater diversity of state and federal agencies 

that are now attentive to freshwater mussel status and trends. In the past, the main groups that 

focused on mussel conservation and restoration were state heritage programs and federal agencies 

(e.g. USFWS, USGS), which focused on biodiversity preservation and the protection of listed 

species. Now, many other agencies (e.g., USEPA) and water supply companies (e.g., Philadelphia 

Water Department, SUEZ water) are focused on the water and habitat benefits that are furnished 

by healthy mussel beds in streams, rivers and lakes.  

As the coordinator for the Delaware Estuary Program, the Partnership for the Delaware Estuary is 

expected to establish measurable goals for sustaining and improving water and habitat conditions 

and to implement a Comprehensive Conservation and Management Plan (CCMP) to protect and 

restore natural resources. PDE has elevated healthy freshwater mussel populations as one of a 

limited subset of “driver” goals that facilitate ecosystem-based restoration in the Delaware River 

Basin. This goal is based on the observation that mussels are long-lived (species dependent, 30-

100 years) and are sensitive to disturbances to environmental and ecological conditions such as 

water quality, water quantity, riparian cover, and fish passage. Hence, to achieve multiple goals 

for water and habitat conditions in any given water body, a simplified focus on achieving a healthy 

assemblage of native freshwater mussel species living in abundance will drive positive decision-

making in support of broader CCMP actions and needs.  

The water quality benefits of native mussel species is an area of emerging research and should be 

factored into our understanding of ecosystem function and processing. Subject to environmental 

conditions, each adult mussel processes gallons of water daily and removes particles from the 

water column. Healthy mussel beds come in many variations with population densities ranging 

from 5-100 animals in a square meter leading to water clearance rates of millions of gallons of 

water per acre per year. Water quality benefits also factor in seston composition; i.e., the quantity 

and quality of suspended particles that comprise a filter-feeding bivalve’s diet. Mussels filter 

seston indiscriminately, and pollutant removal therefore partly depends on the pollutant load. 

Many streams that once supported abundant mussels no longer do. The loss of beds of filter-

feeding mussels is thought to contribute to degraded water quality, representing a negative 

feedback for ecosystem health. Hence, mussel restoration should promote positive feedbacks to 

ecosystem health in the form of cleaner water, reduced erosion, and increased habitat complexity. 

For more information on freshwater mussel ecology, life history, and Delaware River Basin 

species, please refer to Freshwater Mussels of the Delaware Estuary: Identification Guide & 

Volunteer Survey Handbook (PDE 2014) and other information at the following website: 

http://www.delawareestuary.org/freshwater-mussels. Additional educational material can be 

http://www.delawareestuary.org/pdf/Restoration/Volunteer%20Guidebook.pdf
http://www.delawareestuary.org/pdf/Restoration/Volunteer%20Guidebook.pdf
http://www.delawareestuary.org/freshwater-mussels
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found at http://www.mightymussel.com. 

Although many current mussel populations appear to be extremely depressed and geospatially 

constricted in the Delaware Estuary region relative to historic levels, regional scientists and 

managers are interested in rebuilding mussel populations for conservation, restoration, and other 

management purposes. The regional landscape has changed significantly and is evolving with best 

management practices and efficient land use. Streams and rivers that were once too polluted to 

support mussels may have been remediated to the point where mussel populations may again be 

sustained. However, blockages to fish passage, slow growth, and other impediments still impede 

natural mussel population recolonization. Hence, assisted recolonization can directly augment and 

expedite recovery since the natural dispersal of native populations can be slow and unpredictable. 

It is also vital that any remaining mussel beds be afforded the greatest possible protection. 
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Freshwater Mussel Recovery Program (FMRP) 
The FMRP was launched in 2007 by PDE with the goal of conserving and restoring native 
freshwater mussels within the Delaware Estuary. This program complements PDE’s 

comprehensive watershed-based shellfish restoration strategy, which also includes saltwater 

oysters and saltwater ribbed mussels. Dozens of native bivalve species once inhabited most aquatic 

niches from headwater streams to the mouth of Delaware Bay (Kreeger and Kraeuter 2010). 

 The FMRP consists of eight focal areas: 

 Surveys of freshwater mussels (qualitative and quantitative) to identify potential 

restoration sites and provide data on extant populations. 

 Conservation of current mussel populations and their habitat. 

 Restoration of freshwater mussel populations through tactics such as reintroductions to 

candidate waters. 

 Propagation using hatchery methods to seed streams for water quality uplift and bolster 

mussel abundance. 

 Habitat suitability for freshwater mussels to aid in restoration practices. 

 Research & Monitoring to understand mussel life history, ecosystem services, and their 

interaction with future environmental conditions. 

 Remediation of negative impacts on freshwater mussels and their habitat. 

 Outreach to educate the public about conservation and restoration of freshwater mussels. 

One of the main bottlenecks to the robust implementation of the FMRP is the lack of sufficient 

mussels to support restoration, research and outreach programs. The remaining mussel populations 

in southeast PA are scant and should be conserved. Hence, work by PDE and partners has 

increasingly focused on developing and refining methods for propagating and rearing mussels 

using existing hatcheries, and a new production hatchery is being developed in Philadelphia to 

support a new Mussels for Clean Water Initiative (see, http://www.delawareestuary.org/science-

and-research/mussels-clean-water-initiative-mucwi/ ). The work discussed in this report was vital 

to the stepwise development of these tactics and the larger FMRP because the outcomes will 

facilitate a more predictable and bountiful mussel production program. 

  

http://www.delawareestuary.org/science-and-research/mussels-clean-water-initiative-mucwi/
http://www.delawareestuary.org/science-and-research/mussels-clean-water-initiative-mucwi/
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Project Overview 
This research project was an extension of previous research supporting by the PA Coastal Zone 

Program whereby we produced our first large quantity of one species of freshwater mussels in 

2017, working with the United States Fish & Wildlife Service (USWS) and other partners (Cheng 

and Kreeger 2018). In the original project, more than 50,000 juvenile alewife floaters, 

Utterbackiana implicata (UTIM), were produced. This large quantity of UTIM mussels supported 

an extensive pond-rearing study that included innovative method development and a multi-pond 

comparative study to learn which types of rearing locations support fastest and most reliable 

growth of young mussels. After the pond rearing phase concluded, thousands of surviving mussels 

were then relocated to suitable natural habitats in support of water quality and mussel bed 

restoration.   

With additional funding, this study was expanded to another phase in 2019, whereby we 

incorporated a second species of mussel, the eastern pondmussel, Ligumia nasuta (LINA). By 

propagating and growing a new species, we sought to expand our understanding of species-specific 

mussel growth rates and survival at the study sites that proved best in 2017. For direct comparative 

purposes, we also propagated another batch of UTIM, allowing side-by-side analyses of growth 

rates and survival at various mussel rearing pond locations. We also used some of the animals of 

both species to optimize long-term rearing methods in the captive care environment of the 

hatchery, allowing a direct contrast between natural and laboratory growing conditions.  As during 

2017, we worked with the USFWS at their Harrison Lake National Fish Hatchery to produce the 

mussels, and we worked with the Philadelphia Water Department (PWD) at the Fairmount Water 

Works Interpretive Center to test laboratory rearing methods. The Academy of Natural Sciences 

of Drexel University (ANSDU) served as a partner for some of the pond-rearing work. 

Freshwater Mussel Propagation and Rearing 

Mussel propagation is a young science, compared to saltwater bivalves that have been spawned in 

hatcheries for nearly 100 years. Fortunately, this science is rapidly evolving and new technology 

is now available to more reliably produce freshwater mussels in hatcheries. Typically, gravid 

mussels (mussels with viable larvae) are collected in the field and held in a hatchery until host fish 

are acquired. Once acquired, host fish are introduced to a closed system with mussel larvae from 

the gravid mussels until attachment occurs. Mussels are safely returned to their collection site and 

fish are kept alive until transformation. Transformed juveniles are collected and grown in the lab 

until they can be transported to larger systems (e.g. pond grow-out).  
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During 2019 PDE staff worked with researchers at the Harrison Lake National Fish Hatchery 

(HLNFH) in Charles City, Virginia, during April-June to propagate both LINA and UTIM using 

broodstock collected from the tidal Delaware River in March. Subsequently, young juveniles of 

both species were transported to PDE for relocation to various field and laboratory growing sites 

(see below, Study Sites). Mussels were reared in diverse types of aquaculture systems, including 

some new aquaria that we developed as part of this study. Growth and survival were then 

contrasted between the lab and field, among gear types, and among field growing locations.  Many 

of the survivors were then relocated to natural habitats to support FMRP restoration goals. 

Study Sites 

To increase our understanding of how best to grow out LINA juveniles, we incorporated field sites 

and one laboratory across southeast Pennsylvania into the study (Fig. 1). A field holding site in 

Delaware was also used when necessary. Each site and their specific operations are described 

below. 

Fairmount Water Works 

The Mussel Hatchery at Fairmount Water Works (FWW) is a museum exhibit that includes a small 

functional mussel hatchery where PDE works with PWD and FWW staff to propagate native 

species of freshwater mussels.  Although the main goal of the exhibit is education and outreach, 

each year PDE and partners successfully propagate, rear and perform research on multiple mussel 

species at the facility.  The FWW is situated  along the banks of the Schuylkill River in 

Philadelphia, Pennsylvania. The exhibit is free to the public and regularly features PWD, PDE, 

and ANSDU scientists visibly working on freshwater mussel research and activities. One activity 

in 2019 was growing Class I and Class I+ LINA using a variety of new techniques designed to 

boost survival and growth of mussel progeny. The FWW site as indoors.  

Longwood Gardens 

Longwood Gardens (LWG) served as a primary outdoor study site for this project.  The LWG 

property includes multiple ponds situated in lower Chester County, Pennsylvania. For this project, 

the main mussel rearing pond is referred to as the “nursery pond.” It is readily accessible and 

previous growth studies have yielded good success with juvenile UTIM. The pond is roughly 3.5 

acres, receives runoff from their plant nursery, and supports fish, turtles, and birds including 

largemouth bass, catfish, and snapping turtles. The depth of the pond ranges from 2 feet along the 

shore to >6 feet.  Mussels were reared at LWG in floating baskets that were accessed via wading. 
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Figure 1. General location of study sites across southeastern Pennsylvania. 
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Independence Seaport Museum 

The Independence Seaport Museum (ISM) is located in Philadelphia, Pennsylvania adjacent to the 

tidal Delaware River. The museum maintains a boat basin along the river, which has a shallow 

depth at low tide (< 3 feet at unmanaged areas). The tidal range of the Delaware River is typically 

5-6 feet locally. PDE scientists coordinated with ISM staff to incorporate freshwater mussels into 

their River Ambassadors program. The basin’s floating dock provided access and anchor points 

for study materials. 

Van Sciver Lake 

Van Sciver Lake (VSL) is a large reservoir lake near the Delaware River in Bucks County, 

Pennsylvania. The lake is nearly 1400 acres and supports fishing and boating. The depth along the 

shore of the lake is shallow and deepens quickly beyond the shore. A private floating dock 

provided scientists access to the lake and an anchor point to secure study materials. PWD scientists 

served as the primary caretakers for freshwater mussels at VSL. 

Green Lane Reservoir 

Green Lane Reservoir (GLR) is a large protected reservoir and served as a study site in 

Montgomery County, Pennsylvania. Recreational activities are limited to fishing and non-powered 

or electric boating on the 814-acre reservoir. Scientists boated to study sties and waded where 

possible. ANSDU scientists served as the primary caretakers for freshwater mussels reared at GLR. 

Winterthur Museum, Garden, and Library 

A pond at the Winterthur property (WTR) served as a holding facility for this project due to its 

convenient location near PDE offices and proven, reliable ability to support juvenile freshwater 

mussels. The pond regularly supports freshwater mussels for a variety of PDE research projects. 

Scientist can easily wade to baskets and floating tables used to sort, count, and measure mussels. 

Grow-out Trials 

PDE scientists and partners deployed juvenile LINA and UTIM at all study sites. For comparative 

purposes, in some cases mussels from the same initial cohort were deployed at similar sizes and 

times. In other cases different sizes of mussels were deployed at different sites to adaptively 

optimize growth and survival, based on previous findings. This “adaptively managed” approach 

provided insights into location and size-dependent considerations that govern juvenile growth and 

survival. In addition, inclusion of the second species (LINA) provided an opportunity to discern 
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species-specific differences in growth and survival. Finally, new rearing systems were tested in 

the FWW laboratory using a recirculating aquaculture growing system, and in the field using a 

different basket design to optimize and scale future growth trials. The goal was to learn how best 

to care for larger numbers of juvenile mussels of different sizes, at reduced maintenance cost. 

Mussels in the Classroom 

To supplement the research aspect of this project, PDE provided small juvenile mussels to teachers 

in Philadelphia through a pilot program to incorporate mussel rearing projects into the classroom 

curricula. The goal of the pilot program was to determine whether teachers (and their classes) 

could successfully maintain live mussels in an urban landscape for use in their instructional 

programs.  

In-stream Mussel Release 

PDE actively works with the Pennsylvania Fish and Boat Commission to identify appropriate 

streams and rivers for release of propagated mussels. Candidate sites must have suitable habitat, 

and the propagated and reintroduced mussels must pose no threat to the genetic composition of 

any natural mussel assemblages. We use best scientific judgment to select suitable habitat, based 

on decades of mussel survey observations.  To protect natal genetics, to date we have only 

reintroduced mussels into waters where the species was historically present, there are no extant 

mussels of the same species, and the broodstock used to produce the mussels were taken from the 

nearest extant populations within the same watershed.  Genetic precautions are also taken in the 

hatchery to minimize genetic drift and “hatchery selection,” such as by using larvae from multiple 

mothers to infest fish during propagation.  

Field deployment sites are also prioritized if they are impaired for the types of pollutants that 

mussels can remove via filtration and tolerate, such as excess sediments and particulate nutrients.  

A top PDE goal is to restore populations of filter-feeding shellfish such as mussels to yield the 

greatest water quality benefits. Where possible, mussels that were released into natural systems 

were larger in body size, after pond rearing, to promote resilience from predators and natural 

stream conditions. Larger sized mussels also provide more ecosystem services. 

Water Quality Assessment 

Since freshwater mussels are filter-feeding bivalves that are sensitive to variations in food quantity 

and quality, we monitored seston (microparticulate matter) in the water at most of the growing 
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sites, in addition to general water quality properties. General water quality (chemical metrics) was 

assessed using probes, whereas seston was investigated by collecting grab samples of water and 

then capturing the seston on pre-treated glass filters using vacuum filtration. This dual method of 

water assessment provides vital information on both the ambient water quality (e.g. dissolved 

oxygen, specific conductivity) and the actual food conditions (seston quantity, organic content) 

that could affect mussel growth and survival, potentially explaining variation in mussel 

performance among the rearing sites and systems. 
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Methods 

Freshwater Mussel Propagation 
To propagate mussels, PDE collected UTIM and LINA broodstock from the tidal Delaware River 

on March 20, 2019 under Scientific Collection Permit # 2019-01-0147 (Type 1) using hand rakes. 

Female mussels that were actively brooding glochidia larvae were identified in the field using 

reverse pliers, and only these brooding females were collected and returned to the hatchery. Field-

collected mussels were then transported to HLNFH in coolers with river water. They were double 

bagged and kept on ice to keep avoid any warming.  

Researchers at HLNFH conditioned the broodstock to the appropriate spawning temperature over 

time, subsequently extracted larvae, infested appropriate fish hosts.  After transformation the 

juvenile mussels were transported back to PDE in three batches, along with the original broodstock 

mussels which PDE then returned to their source habitat.  

Mussels produced at HLNFH spanned three size classes: freshly transformed mussels no larger 

than 500 µm in shell length (“Class I”), small mussels near 1 mm in shell length (“Class I+”), and 

larger mussels generally 5-15 mm in shell length ( “Class II”) (Fig. 2). For the purpose of this 

report, these three distinct cohorts of similar sized mussels will be referred to and differentiated by 

their “class”. 

  

   

Figure 2. Three batches of juvenile mussels at different sizes: Class I (left), Class I+ 

(middle), and Class II (right) received by PDE from HLNFH. 
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Grow-out Trials 

Laboratory Grow-out Trials 

Previous work has shown high mortality associated with deploying very small and young “fresh-

off-fish” juvenile mussels directly into field rearing ponds (i.e., directly from the Barnhart Bucket 

systems).  These very young juveniles typically have average shell lengths below one millimeter. 

To address this bottleneck in rearing large numbers of juvenile mussels, we designed, fabricated, 

and utilized a novel Recirculating Aquaculture System (RAS) to specifically grow Class I+ 

mussels, and this system was tested in 2019 using LINA.  The system includes sediment, which is 

deemed to be beneficial for some juvenile mussels because they might switch between deposit-

feeding and filter-feeding. 

Each system consisted of a frame constructed from welded aluminum angles with an acrylic lower 

sump and an acrylic upper juvenile mussel tank. The acrylic tanks were assembled using acrylic 

adhesive and all joints were sealed with aquarium silicone sealant. A PVC standpipe drained the 

upper tank into the sump, and an aquarium pump moved water from the sump up through a PVC 

pipe to spray into the upper tank, maintaining circulation and aeration. In the top tank, a divider 

created equal partitions to contain sediment and juveniles (Fig. 3). This partition was replaced with 

square plastic containers to contain sediment and juveniles, which facilitated monitoring and 

maintenance (Fig. 4). A centimeter deep layer of sediment lined the bottom of each container.  

The setup of the first RAS (RAS-1) occurred on May 24, 2019. This included two sediment types: 

three containers with play sand sieved to 400 µm, and three containers of natural sediment from 

Ridley Creek sieved to one millimeter in diameter. Two hundred Class I+ juvenile LINA were 

then added to each container. After 12 days, no size difference was observed between natural 

Ridley Creek sediment and the artificial play sand, and hence all containers were subsequently 

switched to sieved play at that time. PDE and PWD set up a second RAS (RAS-2) on June 5, 2019 

with 6 containers of 400 µm play sand and Class I+ juvenile UTIM, allowing interspecific 

comparisons. 

Scientists monitored RAS-1 and RAS-2 by separating juveniles from sediment with a 500-µm 

sieve, counting live mussels, and measuring a subsample of 20 mussels per container using 

microscopy and an optical micrometer. Clean sediment was added to containers before returning 

the mussels. RAS tanks were cleaned, and filled with fresh water at each sampling date. Water 

changes were 25% per week. Lab diets consisted of a blend of Shellfish 1800 and Nanno 3600 

from Reed Mariculture. Tanks were dosed with food after every water change, and a peristaltic 
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pump also continuously delivered a constant dose of diluted diet from a refrigerated reservoir. As 

RAS-grown mussels outgrew their systems, scientists transferred them to the WTR pond in 

Wilmington, Delaware. 

  

 

Figure 3. A RAS tank fully setup (left) with a partition to contain sediment and juveniles 

(right). 
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Figure 4. Discrete containers neatly contain sediment and 

juveniles in RAS tanks. 
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Field Grow-out Trials 

To investigate growth rates of juvenile LINA under various conditions, PDE and partners deployed 

mussels of similar sizes at all locations. All sites received Class II juveniles. In addition, some sites 

also received Class I juveniles to determine if direct field deployment of very small juveniles was 

feasible (e.g. LINA was not previously tested this way). In general, mussel monitoring consisted 

of removing all mussels from baskets, counting live animals, and measuring a subset of the live 

mussels with a pair of digital calipers. Data collected from each study site were assessed and 

contrasted with general site characteristics, and where assessed, seston composition and water 

quality. 

Longwood Gardens 

Approximately 1300 Class I juvenile LINA were deployed into each of six baskets at the Nursery 

Pond on May 19, 2019. Three baskets were standard floating mussel baskets while three were 

prototypes that utilized a smaller basket design (Fig. 5). On August 8, 2019, a cohort of Class II 

juvenile LINA were deployed in the same basket split of three standard baskets and three smaller 

prototype baskets at 100 mussels/basket. A cohort of Class II juvenile UTIM were also deployed 

in three standard baskets to complement the Class II LINA deployment. Baskets were anchored in 

roughly four feet of water. 

  

 

Figure 5. A smaller prototype basket (left) juxtaposed to a standard basket (right). 
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Independence Seaport Museum 

For this study, PDE deployed 300 juvenile LINA in three baskets at ISM (100 mussels/basket). 

Baskets were tethered to a dock in about three feet of water at low tide (Fig. 6). Mussels were 

routinely maintained and monitored. ISM river ambassadors observed birds and other wildlife 

frequenting baskets, but the mussels were protected by the screen basket cover. Scientist observed 

siltation within baskets within a week and regularly cleaned off baskets.  

  

 

Figure 6. Three floating baskets at the ISM boat basin containing juvenile LINA. 
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Van Sciver Lake 

PDE provided 900 juvenile LINA to PWD staff for deployment into VSL. Three baskets each 

received 300 mussels. Baskets were deployed on July 30, 2019 and monitored 29 days later on 

August 28, 2019. Baskets were deployed in roughly four feet of water (Fig. 7). 

  

 

Figure 7. A PWD scientist sets up floating baskets at VSL with juvenile LINA. 
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Green Lane Reservoir 

PDE provided approximately 4000 Class I LINA, 3500 Class I UTIM and 900 Class II LINA to 

ANSDU staff to deploy and monitor at GLR. Estimated groups of 1300 Class I LINA were 

deployed in three baskets. Groups of 1500 Class I UTIM were deployed in three baskets. Groups 

of 300 Class II LINA were also deployed into three baskets. All baskets were deployed in four feet 

of water (Fig. 8). 

  

 

Figure 8. A type of floating basket deployed at GLR complete with predator mesh and buoyant 

foam edges. 
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Mussels in the Classroom 

As part of a pilot program to couple grow-out trials and outreach, PDE provided thousands of 

Class I UTIM mussels to teachers throughout the City of Philadelphia working with education and 

outreach personnel associated with PWD. Scientists took an existing method of growing mussels 

in small spaces (Barnhart bucket) and adjusted the design to be user-friendly (Fig. 9). Buckets 

were designed with three ports for mussel canisters and PDE staff assisted with installation at each 

school with supporting resources from PWD. Teachers implemented the buckets and provided 

feedback and any live mussels at the end of the pilot program which lasted a few weeks. 

Teachers were provided printed instructions and had a PDE scientist visit to go over questions and 

general protocols that should be followed. Teachers were encouraged to adapt as needed and use 

the bucket as they felt most effective for teaching about mussels but also fitting in maintenance 

into their schedules.  

  

 

Figure 9. A Barnhart bucket (left) used to grow small mussels (right) in Philadelphia public 

schools as part of a pilot program. 
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Water Quality Assessment 
Water quality data were recorded during field activities using a Eureka Manta +35 water quality 

sonde. Water quality parameters assessed included dissolved oxygen (mg/L), water temperature 

(°C), pH, and specific conductivity (mS/cm). Field scientists fully submerged probes, avoided 

contact with the stream bottom and gently circulated probes for accurate dissolved oxygen reading in 

lentic systems. Each probe was calibrated prior to use for each field day. When conductance was 

assessed without also recording specific conductance, conductance readings were converted to specific 

conductance (conductance at 25 °C) according to the formula: 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 =
𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒

1 + 0.0185 (𝑡 − 25)
 

 

where t is the temperature recorded concurrent with the conductance reading and 0.0185 is a useful 

conversion factor for temperatures between 0-30 °C following Hayashi (2004).  

Seston composition was assessed to monitor the quantity and quality of the microparticulate diet 

(seston) that sustained filter-feeding bivalve populations. Seston composition in ambient water at 

study sites was assessed following the approach and methods described by Kreeger et al. (1997). 

Water samples of approximately 4 L were collected in triplicate using cubitainers in triplicate. 

Cubitainers were rinsed prior to sample collection. Water was filtered through a 53-μm sieve and 

subsequently filtered onto pre-weighed glass fiber filters through vacuum filtration (Fig. 10). 

Filters were frozen for future analysis. 

To assess particulate matter (PM; a.k.a. total suspended solids), filters were dried in a drying oven 

for 48 hours at 60 °C and weighed (in comparison to the original pre-ashed and dried filter weight; 

FW), yielding the dry weight of PM plus (dry seston weight. Filters were then combusted for 24 

hours at 450 °C in a muffle furnace and re-weighed to determine seston ash weight (in comparison 

to the original pre-ashed and dried filter weight), enabling calculation of the particulate organic 

matter (difference between PM and Ash; see equations below). All weights were measured using 

an analytical balance (VWR, ±0.01 mg).  

The concentration of PM (mg/L) was calculated by dividing the PM weight by the volume of water 

(V) of water filtered, according to the formula:  

[𝑃𝑀] =
(𝑑𝑟𝑦 𝑠𝑒𝑠𝑡𝑜𝑛 + 𝑓𝑖𝑙𝑡𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡) − (𝑑𝑟𝑦 𝑓𝑖𝑙𝑡𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡)

𝑉
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Particulate Organic Matter (POM) was calculated as follows: 

 [𝑃𝑂𝑀] =
(𝑑𝑟𝑦 𝑠𝑒𝑠𝑡𝑜𝑛 + 𝑓𝑖𝑙𝑡𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡) − (𝑑𝑟𝑦 𝑎𝑠ℎ 𝑠𝑒𝑠𝑡𝑜𝑛 + 𝑓𝑖𝑙𝑡𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡)

𝑉
 

 

POM was expressed as mg/L. The organic content (percentage) of seston was calculated using the 

following formula:  

𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 = (
𝑃𝑂𝑀

𝑃𝑀
) ∗ 100% 

 

 

Statistical Analysis 
All statistical analyses were performed in the statistical software R v3.0.0 (R Core Team 2013). 

Some statistical comparisons were limited by differences in deployment timing and duration.  

 

Figure 10. A PDE scientist preparing a vacuum manifold for seston analysis. 
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Results 

Freshwater Mussel Propagation 
Freshwater mussel propagation was very successful. Using PDE-provided broodstock, HLNFH 

staff produced and delivered to PDE three size classes of juveniles of both target species (LINA 

and UTIM), as summarized in Table 2. Broodstock were also returned safely. PDE subsequently 

deployed mussels at lab and field locations as described in the Methods section above. When 

needed, WTR served as the holding pond for “staging” mussels until they could be transported to 

the other sites depending on partner schedules. 

 

  

Table 2. Summary of mussels delivered from HLNFH to PDE during 2019. 
 

Date Received Scientific Name Size Class Estimated Number 

May 9, 2019 Utterbackiana implicata I 10,000 

May 9, 2019 Ligumia nasuta I 20,000 

May 24, 2019 Utterbackiana implicata I+ 1,800 

May 24, 2019 Ligumia nasuta I+ 1,200 

July 24, 2019 Utterbackiana implicata II 38,000 

July 24, 2019 Ligumia nasuta II 17,000 
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Grow-out Trials 

Laboratory Grow-out 

Mussel growth observed in RAS-1 (LINA) and RAS-2 (UTIM) ranged from 0.01 – 0.02 mm/day 

with some mussels averaging over 1 mm in overall growth during the trial (Table 3). 

Average survivorship in three of the containers in RAS-1 was 85%.  The other three containers of 

RAS-1 could not be accurately sampled for mortality due to the initial use of Ridley Creek 

sediment preventing isolation of juvenile mussels.  Average survivorship in RAS-2 was 93% for 

four of the containers. Two containers’ contents were spilled and as a result, accurate mortality 

data were not available on those containers. 

RAS-grown juveniles deployed in baskets at WTR grew over 10 mm in shell length after 50 days 

(Table 4). Average growth was 0.21 mm/day for LINA and 0.25 mm/day for UTIM. Mortality in 

baskets was 32% for LINA and 95% for UTIM. Scientists noted that LINA mussels produced 

byssal threads to attach to each other, while UTIM mussels did not exhibit this behavior (Fig. 11). 
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Table 3. Growth and mortality data for the RAS systems at the Fairmount Water Works Mussel Hatchery 

during 2019. SL = shell length; SEM = standard error of the mean; N = sample size; nd = no data. 
 

System 
Container 

# 

Deployed 

# 

Mussel 

Species 

Start SL (mm) End SL (mm) 
Duration 

(days) 

Mean 

Daily 

Growth 

(mm) 

Survival 

(%) 
Mean SEM N Mean SEM N 

RAS1 

1 200 LINA 1.22 0.04 20 2.33 0.1 20 54 0.02 93 

2 200 LINA 1.17 0.04 20 2.11 0.07 20 54 0.02 nd 

3 200 LINA 1.21 0.04 20 1.96 0.08 20 54 0.01 75 

4 200 LINA 1.09 0.04 20 2.25 0.1 20 54 0.02 nd 

5 200 LINA 1.13 0.04 20 2.02 0.07 20 54 0.02 87 

6 200 LINA 1.24 0.04 20 2.16 0.08 20 54 0.02 nd 

RAS2 

1 305 UTIM 1.74 0.08 10 2.46 0.1 20 42 0.02 99 

2 298 UTIM 1.81 0.07 10 2.5 0.07 20 42 0.02 98 

3 303 UTIM 1.83 0.1 10 2.36 0.08 20 42 0.01 93 

4 310 UTIM 1.99 0.1 10 2.44 0.1 20 42 0.01 nd 

5 200 UTIM 2.00 0.1 10 2.41 0.1 20 42 0.01 83 

6 200 UTIM 1.93 0.08 10 2.42 0.07 20 42 0.01 nd 
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Table 4. Growth and mortality data for RAS-grown mussels deployed at WTR for 50 days during 

2019. SL = shell length; SEM = standard error of the mean; N = sample size. 
 

Basket # 
Deployed 

# 

Mussel 

Species 

Start SL (mm) End SL (mm) 
Duration 

(days) 

Mean 

Daily 

Growth 

(mm) 

Survival 

(%) 
Mean SEM N Mean SEM N 

1 1300 LINA 2.14 0.04 120 12.9 0.2 100 50 0.21 52 

2 508 UTIM 2.43 0.04 120 14.8 0.5 46 50 0.25 9 

 

 

Figure 11. Juvenile LINA aggregate found in 

floating basket during monitoring at WTR. 
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Field Grow-out 

Pond grow-out trials were initiated as mussels became available and partners were able to deploy. 

Some mussels were held back to grow large enough to deploy as Class II animals. Trials were 

broken down into Class I and Class II juvenile LINA. 

Class I Trials 

Class I grow-out was unsuccessful at LWG as scientists were unable to recover any live LINA 

from deployed baskets. ANSDU scientists observed good growth for Class I juveniles at GLR 

however; no quantitative data are available at this time (Fig. 12) 

 

  

 

Figure 12. Juvenile LINA growing at GLR embedded in sediment. 
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Class II Trials 

Excellent growth and survival was assessed for UTIM and LINA at all sites when larger sized 

mussels were initially stocked at 100 animals/basket. Typical observed survivorship was above 

90% and often 100% survival throughout the trials with average daily growth rates ranging from 

0.03 – 0.45 mm/day (Table 5). Mussel data for individual sites are presented in detail below. Due 

to time and funding constraints, some mussels at partner sites were not monitored quantitatively. 

Greatest average size attained was 40.0 mm at ISM. 

Longwood Gardens 

Juvenile LINA that were held in prototype baskets had similar survivorship to that measured in 

standard sized baskets (99% compared to 100%, respectively). Additionally, LINA were 

statistically similar in size in prototype and standard baskets at the onset and completion of the 

growth trial (p>0.05 each time period, 1-way ANOVA). Hence, LINA growth rates were similar 

for both types of baskets when 100 mussels were stocked per basket. 

Survival varied between 93-100 % and was slightly greater for LINA than for UTIM. Average 

daily growth for all mussels ranged from 0.19-0.42 mm/day. UTIM were statistically smaller than 

LINA both at start and end of the growth trial (p<0.001 each time period, 1-way ANOVA). 

However, growth rates were considerably greater for UTIM (0.37-0.42 mm/day) compared to 

LINA (0.19-0.25 mm/day). Differential shell lengths between LINA and UTIM before and after 

growth trial are represented in Figure 13. 

Independence Seaport Museum 

Juvenile LINA were held in containers for 68 days in the Delaware River at ISM and their growth 

rate was variable, ranging between 0.03 – 0.23 mm/day. Lowest average growth was about 2 mm 

while greatest average growth was over 15 mm. Survival was assumed to be 100% because no 

dead shells were found; however, some mussels appear to have fallen out of the baskets resulting 

in reduced final numbers. 

Van Sciver Lake 

After 29 days post-deployment, juvenile LINA exhibited 100% survival at VSL when stocked at 

300 mussels/basket. Mussels at VSL demonstrated greatest growth rates of all study sites where 

data were available as LINA grew 0.38-0.45 mm/day. VSL mussels grew to the largest final sizes 

attained during 2019, and the average size of surviving mussels was greater than 35 mm shell 

length. 
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Table 5. Average growth and mortality data for juvenile mussels grown at multiple study sites during 2019. 

SL = shell length; SEM = standard error of the mean; N = sample size; nd = no data. * indicates inferred 

survival (see text). 
 

Site 
Basket 

ID 

Deployed 

# 

Mussel 

Species 

Start SL (mm) End SL (mm) 

Duration 

(days) 

Mean 

Daily 

Growth 

(mm) 

Survival 

(%) Mean SEM N Mean SEM N 

VSL 

1 300 LINA 25.4 0.54 50 36.6 0.47 50 29 0.38 100 

2 300 LINA 25.9 0.46 50 38.8 0.35 50 29 0.44 100 

3 300 LINA 26.0 0.51 50 39.0 0.36 50 29 0.45 100 

ISM 

1 98 LINA 24.3 0.45 98 40.0 0.33 60 68 0.23 100* 

2 94 LINA 24.5 0.39 94 26.7 0.40 86 68 0.03 100* 

3 91 LINA 24.8 0.42 91 39.8 0.34 58 68 0.22 100* 

LWG 

SY1 100 LINA 25.6 0.79 20 34.0 0.84 20 34 0.25 98 

SY2 100 LINA 26.9 0.71 20 33.5 0.61 20 34 0.19 100 

SY3 100 LINA 25.8 0.85 20 33.3 0.79 20 34 0.22 100 

LY1 100 LINA 25.8 0.73 20 33.2 0.79 20 34 0.22 100 

LY2 100 LINA 26.0 0.91 20 34.0 0.82 20 34 0.23 100 

LY3 100 LINA 26.7 0.71 20 33.7 0.85 20 34 0.21 100 

P1 100 UTIM 18.7 0.40 20 31.2 0.75 20 34 0.37 94 

P2 100 UTIM 18.1 0.45 20 30.6 0.63 20 34 0.37 93 

P3 100 UTIM 18.2 0.47 20 32.4 0.71 20 34 0.42 93 

GLR 

1 300 LINA 29.6 0.80 50 nd nd nd nd nd nd 

2 300 LINA 28.7 0.77 50 nd nd nd nd nd nd 

3 300 LINA 27.9 0.81 50 nd nd nd nd nd nd 
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Figure 13. Average mussel shell lengths for LINA and UTIM baskets during growth trial start 

(left) and end (right). SEM = standard error of the mean. 
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Mussels in the Classroom 

This pilot program resulted in valuable information and lessons in how best to bring in juvenile 

mussels into a classroom setting. Overall, teacher feedback was positive on the overall message of 

the program and were eager to attempt another type of activity. Feeding mussels proved to be 

challenging due to other time commitments and constraints on either the teacher or the students 

assisting with the grow-out. PDE staff found that some of the rearing canisters became fouled with 

excess food upon retrieval of buckets (Fig. 14). Fouling was a regular concern from teachers. 

Additionally, basket designs were slightly misaligned resulting in mussel canisters floating out of 

their holes. Accordingly, the bucket did not perform as expected.  These lessons learned will be 

used to improve rearing systems for teachers in the future. 

  

 

Figure 14. Example of fouling observed on canister surface (left) and within contents of 

canisters (right). 
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Water Quality Assessment 
Water quality at all sites was assessed to be well above typical biological thresholds to support 

aquatic life (Tables 6 & 7). Waters were well oxygenated and did not exhibit any indication that 

would preclude freshwater mussels from thriving in the environment. When tested for, waters 

exhibited expected vertical trends with warmer oxygen rich water at the surface while conductivity 

was consistent throughout the water column. 

Particulate matter was assessed at Longwood Gardens during late summer. Measured seston 

characteristics indicated that particulate matter (a.k.a. total suspended solids) averaged greater than 

18 mg/L, of which over 40% was organic (Table 8). This is consistent with previous findings at 

Longwood Gardens (Cheng and Kreeger 2018), albeit during late summer 2019 the organic content 

was lower than previously detected.  This would follow expected seasonal patterns whereby the 

particulate organic content is greater during spring and early summer algal blooms, and lower later 

in the growing season. 

Additional seston samples were collected by PDE and partners, and they will be assessed if time 

and resources permit.   

  

Table 6. Water quality data collected at GLR on August 30, 2019. 
 

Depth (m) Temperature (C°) Dissolved Oxygen (mg/L) Specific Conductivity (mS/cm) pH 

0.5 25.7 13.0 0.230 9.2 

1 25.6 12.6 0.234 9.2 

1.75 25.0 9.80 0.229 8.9 

 

Table 7. Water quality data collected at LWG during peak growing season. 
 

Date Temperature (C°) Dissolved Oxygen (mg/L) Specific Conductivity (mS/cm) pH 

2019-Jun-11 23.4 9.25 0.288 7.80 

2019-Aug-08 30.3 10.3 0.310 7.98 
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Table 8. Summary of seston characteristics at Longwood Gardens during peak growing season. 

SEM = standard error of the mean, N = sample size. 
 

Date 
Particulate Matter (mg/L) Particulate Organic Matter (mg/L) Organic Content (%) 

Mean SEM N Mean SEM N Mean SEM N 

2019-Aug-08 18.8 2.4 4 7.96 0.92 4 42.5 1.4 4 
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Discussion 

Large numbers of two species of freshwater mussels were propagated, reared, and subsequently 

used to support diverse research, restoration and educational programs during 2019. This project 

was an extension of previous mussel propagation and rearing studies that completed during 2017 

and 2018 in southeast Pennsylvania (Cheng and Kreeger 2018). Whereas our previous work 

focused on produced the alewife floater, Utterbackiana implicata (UTIM), this was the first 

attempt at produced the eastern pondmussel, Ligumia nasuta (LINA).  Thanks to hatchery support 

from the Harrison Lake National Fish Hatchery (HLNFH) and field/lab support from the 

Philadelphia Water Department (PWD) and Academy of Natural Sciences of Drexel University 

(ANSDU), approximately 88,000 juvenile mussels were produced in 2019, and nearly half were 

LINA.   

Including two mussel species allowed for direct comparisons of growth and survival for both 

species in a variety of laboratory cultures systems and field rearing locations.  In general, mussels 

performed well at all study sites, but survival and growth were greater when mussels were moved 

to field locations at a larger size. For example, Class I juveniles (<1 mm shell length) placed 

directly into field ponds did not fare as well as Class II juveniles (5-15 mm), which consistently 

flourished in the wild.  These results suggest that juvenile mussels should not be moved to the field 

ponds until they attain a larger, Class II size.  

Another positive outcome from this study was the development of a laboratory culture system that 

can help mussels attain Class II sizes before being moved to the field.  Previously, very young 

mussels were initially reared in downweller buckets (Barnhart Buckets) and then directly moved 

to field ponds when they outgrew the bucket systems (e.g. once they attained 0.5-1 mm shell 

length). The new Recirculating Aquatic Systems (RAS) were developed to allow young juveniles 

to be reared for longer in the hatchery so that they can attain larger sizes before field deployment 

(ideally > 5 mm shell length). Two types of RAS were tested, both containing flow, adequate food, 

and sediment. Overall, growth and survival in the RAS tanks was very good, with minimal 

mortality. Based on these encouraging results, a variety of future studies are being planned to 

continue to improve RAS tanks, including adjustments to calcium concentrations, improved food 

delivery, alternate sediment types, and inoculation with natural microbiomes.  

An unexpected outcome was that eastern pondmussel growth rates during 2019 at Van Sciver Lake 

appeared to exceed alewife floater growth rates during 2017-2018. While both species grew very 

well at this site, pondmussel growth reached nearly 0.5 mm per day, which was the greatest we 

have seen to date. This result was not anticipated because alewife floaters typically attain much 
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larger body sizes than eastern floaters in nature.  Perhaps this difference was simply due to different 

growing conditions among years, but it merits further investigation. Both species can reach 

considerable population densities in natural habitats of the tidal Delaware River, and this means 

that both species are excellent targets for population enhancement to provide water quality benefits 

(e.g., restoring mussel beds in living shoreline projects). 

Eastern pondmussels grown in Van Sciver Lake were initially larger at deployment and more 

densely stocked compared with alewife floaters.  In contrast, at Longwood Gardens alewife 

floaters were smaller at the time of deployment than eastern pondmussels, and at that locations 

growth rates were greater for alewife floaters than for eastern pondmussels.  These differences in 

growth rate between species could simply have resulted differences in initial size due to the natural 

logarithmic scaling of mussel growth rates with body size (i.e. percentage growth rates can change 

with size/age).  Definitive studies are needed whereby different species would be deployed at 

exactly the same size and time to discern whether the observed interspecific (and site) differences 

were real or simple artifacts.  Stocking density has already been shown to greatly affect growth if 

the mussels in any holding system is at carrying capacity, and any experimental studies should 

ensure that the system is not constraining. 

Another successful outcome of this project was the effectiveness of prototype baskets used at 

Longwood Gardens. Stocked at 100 mussels per basket, the smaller prototype baskets proved to 

be viable alternatives to standard baskets, and can be a more efficient use of resources for pond-

rearing. Smaller baskets can hold just as many mussels and are cheaper and require less materials. 

This will allow more mussels to be reared in more places in the future for the same level of 

investment. 

Encouraging results were also obtained by the pilot educational programs whereby PDE provided 

mussels and guidance to teachers in Philadelphia for developing “Mussels in the Classroom” 

curricula. While no mussels grew to a significant size or were returned alive, the feedback from 

educators was very positive, and the lessons learned will help shape future mussel outreach using 

hatchery-reared mussels. This is an important step in advancing freshwater mussel awareness and 

providing opportunities for the public to learn about aquatic ecology and the importance of natural 

habitats and organisms for sustaining clean water.  

Our field rearing sites varied widely in size. The larger ponds and water bodies supported healthier 

juvenile mussels with faster growth rates and better survivorship. This could be due to more 

consistent environmental conditions or better food resources. Plausibly, the smaller water bodies 

could be more impacted by runoff compared to larger ponds, reservoirs and lakes. Both freshwater 

mussel species fared well at Van Sciver Lake and Green Lane Reservoir, for example, and the only 
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die-off event was associated with a point source in the form of algal control treatment. Conversely, 

mussels in smaller ponds at Longwood Gardens, Winterthur, and other partner ponds generally 

grow well but periodically experience an unexpected die-off for unidentified reasons. Another 

notable difference between smaller and larger water bodies is the biological activity that occurs in 

floating baskets. Smaller bodies of water routinely support dense algal growth and a diverse 

population of macroinvertebrates, which can result in biofouled baskets that have too little flow 

unless they are regularly cleaned. On the other hand, larger waters such as reservoirs tend to be 

more well circulated and have less fouling. Unfortunately our pilot assessments of water quality 

and seston composition were not robust enough to shed light on the basis for these findings.   
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