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Introduction	

Status	and	Importance	of	Mussels		
Freshwater mussels are the most imperiled animals in the United States, and locally within the 
Delaware River Basin (PDE 2012a, 2012b). In southeast Pennsylvania, the species richness, 
population range and abundance of our dozen native species is in serious decline. Over the past 20 
years, the conservation and restoration of rare mussel species has become a national priority. But in 
recent years, this interest has broadened to include species that are classified as more common but 
which are still declining in range and abundance. The main reason for this expanded interest is 
because of emerging data that suggest that freshwater mussels, like their marine counterparts 
(oysters, clams, mussels), can be vitally important for water quality and ecological integrity when they 
are abundant.  

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 a few federal agencies (USFWS, 
USGS), which focused on biodiversity preservation and the protection of listed species. Now, many 
other agencies (e.g., EPA) and water supply companies (e.g., Philadelphia Water Department, United 
Water) are focused on the water and habitat benefits that are furnished by healthy mussel beds in 
streams, rivers and lakes.  

As a National Estuary Program, the Partnership for the Delaware Estuary (PDE) is expected to 
establish measureable goals for sustaining and improving water and habitat conditions, thereby 
working to implement our Comprehensive Conservation Management Plan (CCMP). PDE has 
elevated healthy freshwater mussel populations as one of a limited subset of “driver” goals which 
facilitate ecosystem-based restoration in the Delaware River Basin. This goal is based on the 
observation that mussels are very long-lived (up to 100 years) and sensitive to a variety of 
suboptimal conditions, ranging from 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 
Academy of Natural Sciences of Drexel University (and other entities) and PDE are working 
towards this goal of re-establishing healthy and functionally important native mussel beds in many 
areas where they once thrived and can be sustained.  

The water quality benefits of healthy natural mussel beds are only now being studied, but look to be 
sizeable. Each adult mussel filters gallons of water every day (except during winter). Many streams 
that once supported abundant mussels no longer do. This loss of freshwater mussels is thought to 
contribute to degraded water quality and represents a negative feedback for ecosystem health. In 
those areas, 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 
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Mussels of the Delaware Estuary: Identification Guide & Volunteer Survey Handbook and other information 
at the following website: http://www.delawareestuary.org/freshwater-mussels.  

Although many current mussel populations appear to be extremely depressed and constricted 
relative to historic levels, numerous scientists and managers believe that this represents an 
opportunity to rebuild mussel populations. Countless streams and rivers that were once too polluted 
to support mussels have since been remediated to the point where mussel populations could again 
be sustained. However, fish passage blockages, slow growth, and other impediments stand in the 
way of mussels being able to naturally re-disperse and colonize these habitats. Hence, assisted 
recolonization can directly augment and expedite recovery since the natural dispersal of native 
populations can be slow and unpredictable.  

Freshwater	Mussel	Recovery	Program	(FMRP)	
In 2007, PDE launched the FMRP which seeks to conserve and restore native freshwater mussels 
across the Delaware Estuary and river basin primarily because of the link between healthy and 
robust shellfish populations and improved water quality. The FMRP is part of a broader, watershed-
wide shellfish restoration strategy that includes marine mussels and oysters. The FMRP Strategy 
consist of nine activities: 1) surveys to identify areas to protect and restore, and to locate broodstock 
to support restoration, 2) assessments with caged mussels to identify and prioritize suitable streams 
to restore, 3) conservation of critical habitat, 4) restoration via reintroduction into historic streams, 
5) restoration via hatchery propagation and reseeding of streams, 6) restoration via habitat 
enhancements to boost mussel carrying capacity, 7) research and monitoring studies to better 
understand factors that sustain mussels and to gauge their benefits, 8) coordination of mussel 
recovery across the region, and 9) education programs to build awareness of the importance and 
benefits of freshwater mussels.  

The FMRP abides by standard principles of conservation biology and environmental management. 
All activities are vetted a priori with state and federal partners and permit agencies. For example, only 
genetically appropriate mussel stocks from the Delaware River watershed are used in restoration 
activities.  

Mussel	Restoration	in	Skippack	Creek	
In late 2011, representatives from Lower Salford Township, Pennsylvania, discussed with the 
authors the status and potential benefits of freshwater mussels in streams such as Skippack Creek 
(previously referred to as West Branch Skippack Creek). To our knowledge, no comprehensive 
mussel surveys had been undertaken in Skippack Creek in at least 90 years (i.e., since Ortmann 
1919), and so we suggested that a mussel survey would be the first step to determine whether mussel 
restoration was warranted. Based on our own surveys for mussels in neighboring streams, it was not 
likely that any native species of mussel would be found. For example, qualitative searches for 
mussels in >70 stream reaches in southeastern Pennsylvania during 2000-2011 only yielded three 
cases with extant mussels, and these were the “common” Elliptio complanata. Nevertheless, those 
surveys did not venture into Skippack Creek or its smaller tributaries, and so this first step was 
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needed to confirm current baseline conditions in advance of any potential restoration (i.e., Activity 1 
of the FMRP). 

Assuming very few, if any, mussels remained in Skippack Creek, we recommended that the second 
step towards restoration be to test whether freshwater mussels could survive and grow in Skippack 
Creek. Fortuitously, at the time of this discussion PDE and ANSDU were getting ready to perform 
a large mussel study in the nearby Delaware River that would result in the capture of large numbers 
of common mussel species that are still abundant in the tidal freshwater portion of the river. This 
represented an opportunity, contingent on permitting, to efficiently relocate a subset of those 
animals in this pilot restoration project (i.e., Activity 4 of the FMRP). Following relocation, the 
success of the mussels could be monitored for a year to begin to establish if mussels can actually be 
restored to the system. 

Therefore, the goals of this study were to first ascertain the need for mussel restoration in 
Skippack Creek, and then to test whether mussels can actually survive and grow if 
restoration is expanded. Of course, it is possible that any surviving mussels added to the system in 
this study would themselves have the potential to reseed the river over time, assuming suitable fish 
hosts exist, etc.  

Skippack	Creek	Watershed	
Skippack Creek (Figure 1), located in west-central Montgomery County, PA “is a 15.2 mile (24.3 
kilometer) stream located in sub-subbasin 03E, Montgomery County, Pennsylvania (HUC 02040203; 
stream code 603E). It is a tributary to Perkiomen Creek whose drainage basin is composed of urban, 
suburban, agricultural and rural components. Skippack Creek begins within Souderton Borough 
limits and flows generally southwest to its confluence with Perkiomen Creek at River Mile 3.0. 
Skippack Creek has a 144 km (56 mile) drainage basin. Land use in the basin is a mixture of urban 
and suburban development, agriculture, golf courses, and some undeveloped woodlots. Major 
tributaries in the basin include the West Branch of Skippack Creek, Towamencin Creek, and 
Zacharias Creek. Additionally, the basin contains numerous unnamed tributaries and small farm 
ponds. A generous wooded riparian buffer parallels the lower main stem of Skippack Creek, as it 
flows through Evansburg State Park. Evansburg State Park, comprising approximately 3,400 acres, is 
located along the Skippack Creek in the lower part of the subbasin. The entire Skippack Creek basin 
is classified as a trout stocked fishery (TSF) in the Pennsylvania Chapter 93 water quality standards 
(WQS).” (USEPA 2005) 
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Figure 1. Map of Skippack Creek watershed, mainstem Skippack Creek and its primary tributaries in Montgomery 

County, PA. 

Methods	

Mussel	Surveys		
Existing PDE and ANSDU survey databases were first consulted to discern whether any mussel 
surveys had been undertaken in the Skippack drainage in recent decades, and no information was 
found. The nearest recent occurrence information from our past studies was for Perkiomen Creek 
just below where the Skippack discharges, near the Egypt Road overpass (2010, Elliptio complanata). 
A few additional sites where live E. complanata were found in 2010 occur farther upstream on the 
Perkiomen near Graterford. Despite these nearby occurrences, our preliminary surveys of Skippack 
Creek for the present study yielded no evidence of existing or recent live mussels (i.e., no shells). 
Three trained mussel surveyors waded approximately 33% of the stream network beginning 
upstream near the Route 63 overpass and ending at the lower confluence with the Perkiomen, 
including searches in the lower reaches of large tributaries. The approach was qualitative with timed 
searches of up to 30 minutes in each stream segment, and approximately seven stream segments.  

Collection	of	Mussels	for	Relocation	
There are numerous national case studies where freshwater mussels have been relocated because of 
either restoration or salvage projects. Typically, mussels are relocated during emergency measures 
whereby endangered or threatened populations are moved out of harm’s way such as when 
disturbance to their habitat might occur due to construction projects. These relocations can be short 
distance, moving mussels hundreds of feet upriver to avoid unnecessary deaths, or can be longer 
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distances and even among states. Relocation can also be used to reintroduce populations to areas 
where they once inhabited, but fewer examples exist of this restoration tactic. 

In this study, animals were collected on August 
22-23, 2012 from shallow subtidal habitats of 
the tidal freshwater zone of the Delaware River 
(Figure 2) as part of another quantitative mussel 
survey (Kreeger, et al. 2013). One hundred and 
six Eastern Elliptios (Elliptio complanata) and 
ninety Eastern Floaters (Pyganodon cataracta) 
were collected in the vicinity of Florence, PA. 
They were then transported by boat in coolers 
to the Linden Street boat launch.  

Tagging	of	Mussels	for	Relocation	
Each mussel was gently scrubbed clean and as 
soon as the shell surface had air-dried, a plastic, 
individually-numbered ID tag was affixed using 
Super Glue. A second tag (an electronic Passive 
Integrated Transponder or PIT tag (Biomark HPT8, 8.4 mm 124.2 kHz)) was also affixed using 
marine epoxy (Figure 3). Each PIT tag is coded with a unique number that is detected by the 
receiver whenever a current is applied in the vicinity of the tagged mussel (Figure 4). Individual 
mussel IDs, electronic numbers and shell lengths (±0.01 mm) were recorded.  

Figure 2. Mussels were collected at low tide in 

shallow waters of the tidal Delaware River near 

Florence, PA.

 

Figure 4. Mussel tagging and shell length 

measurement.

 

Figure 3. Picture of the affixed PIT and plastic tags onto a 

freshwater mussel, Pyganodon cataracta.  

PIT Tag                 Plastic Tag



6 
 

The Academy of Natural Sciences of Drexel University                             March 17, 2014 
 

Deployment	of	Mussels	in	Skippack	Creek	
Dual-tagged mussels were then divided into six groups (13-19 individuals of each species, Elliptio 
complanata and Pyganodon cataracta, per group), with a total of approximately 33 mussels per group. On 
August 24, 2012, mussels were deployed into the six study reaches of Skippack Creek between the 
Lower Salford Township Authority Mainland Wastewater Treatment Plant and Hoy Park, Arcola 
Road, Lower Providence, PA (Figures 5a and b), one group of mussels per reach. The numbers of 
mussels and specific coordinates of deployment locations are furnished in Table 1. 

The six reaches were chosen based on earlier observations of suitable mussel habitat within each 
reach (i.e., during surveys). Suitable conditions were determined based on best judgment from 
decades of mussel surveying. In general, these consisted of moderate water flows, and gravel, sand 
and silt sediments that mussels can bury into, and not located on outer sweeping bends of the river 
that are exposed to high erosion scouring during flooding.  

Within each reach, each group of mussels was deployed into one to three sub-habitats (e.g., Sites 1A, 
1B or 1C), such as along opposite or staggered banks so as not to put all animals in a single location 
(except at one site (Reach 5) where the suitable habitat was extensive but in only one location). 
Deployed mussels were carefully “planted” with their anterior end buried into the sediments of the 
best possible habitats, and at varying depths and distances from shore. The typical planting area 
within each sub-habitat was approximately 5- to 10-m long and 3- to 6-m wide. 

  

Figure 5a. (Left) Paul Overbeck, Roger Thomas and Danielle Kreeger (l. to r.) deploying mussels at Site 1A. (Right) 

Some of the tagged Elliptio complanata “planted” during the mussel relocation study. 
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Figure 5b. Location of the Skippack Creek freshwater mussel re‐introduction sites within the six study reaches. 
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Table 1.  Deployment locations and numbers for two species (ELCO = Elliptio complanata, PYCAT = Pyganodon 

cataracta) of freshwater mussels relocated from the Delaware River to Skippack Creek on August 24, 2012.   

Study Site Name  Latitude Longitude ELCO   PYCAT  

Skippack ‐ Site 1A  40.25726597  ‐75.35527004  6 6 

Skippack ‐ Site 1B  40.25708199  ‐75.35534397  6 4 

Skippack ‐ Site 1C  40.25578296  ‐75.35528898  6 6 

Skippack ‐ Site 2A  40.23574904  ‐75.376072  6 6 

Skippack ‐ Site 2B  40.23569598  ‐75.37619202  6 6 

Skippack ‐ Site 2C  40.23544201  ‐75.37637198  5 4 

Skippack ‐ Site 3A  40.22278802  ‐75.382847  9 6 

Skippack ‐ Site 3B  40.22372897  ‐75.38295697  10 7 

Skippack ‐ Site 4A  40.22261602  ‐75.38265799  8 7 

Skippack ‐ Site 4B  40.22299396  ‐75.38109301  9 9 

Skippack ‐ Site 5A  40.16663698  ‐75.43178399  17 14 

Skippack ‐ Site 6A  40.15055303  ‐75.44631997  9 6 

Skippack ‐ Site 6B  40.15052503  ‐75.44629097  9 9 

Monitoring	of	Mussels	in	Skippack	Creek	
The survivorship and locations of deployed mussels were monitored twice to compare the success 
of mussels in various stream reaches, sub-habitat locations and between the two mussel species. The 
first post-reintroduction monitoring was undertaken on May 14, 2013 (about nine months after 
deployment), and the second was completed on November 22, 2013 (15 months after deployment). 
In the intervening time, Hurricane Sandy (October 2012) caused extensive flooding in these streams, 
with substantial bedload movement throughout the study area.   

Monitoring consisted of returning to each deployment location at low flow conditions and sweeping 
the PIT tag reader (Biomark FS2001 with extended antennae) in a systematic fashion over the entire 
deployment site, and up to 10 m downstream (Figure 6). To activate a PIT tag and generate a return 

       

Figure 6. Dr. Danielle Kreeger using a Biomark FS2001 electronic tag reader and portable antenna to locate 

transplanted mussels at Site 3A in May, 2013 (left) and Site 2 in November, 2013 on the mainstem Skippack 

Creek.  
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signal from the tag, the reader needs to pass within 12-18 inches of the tag. Due to the extensive 
time it takes to carefully cover the stream bottom (typically two passes to ensure overlap), it was not 
feasible in this study to extend the search area farther downstream in cases where mussels had 
possibly washed or moved out of the immediate deployment area. Therefore, data are presented as 
“bed retention” meaning that mussels were detected within the immediate deployment area, referred 
to as a seeded mussel bed.  

In cases where deployed mussels were not found, their disappearance could have been due to a 
variety of factors, but does not necessarily mean that they had died. Mortality is only recorded in 
cases where empty shells were retrieved, and in this study no shells were ever found. Due to the 
extensive flooding and storm water erosion that was observed in this stream as a result of Hurricane 
Sandy, mussels that had disappeared were presumed to have simply been washed downstream, and 
we cannot be sure of whether they were still alive. When live mussels were detected with the PIT 
reader, they were carefully removed from the bottom to confirm they were living (Figure 7), their 
shell lengths measured with a digital micrometer, the data recorded, and the mussels returned to the 
creek bottom. 

 

  

    

Figure 7. (Left): Eastern floater, Pyganodon cataracta, and Eastern Elliptio, Elliptio complanata (left to right) found 

alive at Site 5 in Skippack Creek on May 14, 2013, approximately nine months after being relocated to the creek from 

the Delaware River source location. (Right): Jessie Buckner (PDE) measuring mussels found at Site 5 and Drexel 

Co‐Op Alexandra Leszczynski recording the data. 
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Water	Quality	Assessment	in	
Skippack	Creek	
Water quality data were collected during 
deployment of freshwater mussels, and 
throughout each of the two monitoring 
surveys, using a pre-calibrated YSI multi-
probe meter (Figure 8). Temperature, 
dissolved oxygen (DO mg/L), percent 
DO saturation, conductivity and pH were 
measured near the center of each reach 
and recorded. 

 

 

 

 

	

Results	and	Discussion	

Mussel	Surveys	
No extant live freshwater mussels were found in any of the surveyed areas of Skippack Creek, and 
no shells were found. One partial shell of an Eastern Floater, Pyganodon cataracta, was found about 
200 m upstream from the confluence of Skippack Creek with the Towamencin Creek tributary, but 
that could have been a relic shell washed out of the stream bank. We conclude that freshwater 
mussels may have, in fact, become extirpated from this stream at some point since the early 20th 
century when Ortmann (1919) reported mussels in the locale.  

Bed	Retention	of	Relocated	Mussels	in	Skippack	Creek		
Re-introduced mussels were located and found to still be alive at three of the six sites (3, 5 and 6) in 
May 2013, and at two of the six sites (3, 5) in November 2013. Of the approximately 33 mussels 
released per site (2 species), the greatest number of recovered live mussels has consistently been at 
Reach 5 (Figure 5b, Table 2), which was a relatively remote location below Germantown Pike.   

 

 

Figure 8. Roger Thomas (foreground) collecting water 

quality measurements and Frank Anderson deploying 

mussels at Reach 5 in Skippack Creek, August 24, 2012.  
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Table 2. Summary of the freshwater mussels deployed at sites on Skippack Creek and their recovery during the 

May and November 2013 surveys. 

 

 

Reach 5 is located on a large tail-out where the river splits into three separate channels with two 
islands, and we believe that this allows floodwaters to spread over larger areas, perhaps resulting in 
decreased erosion, or scouring, and bed transport rates that can move mussels. Hurricane Sandy 
occurred only two months after mussels were initially deployed, and in May 2013 we saw evidence 
of significant erosion at most sites (Figure 9). In the upper reaches (Sites 1-4), most of our 
deployment sites no longer had any 
soft substrates in the areas where 
mussels were planted, having been 
scoured to bedrock or clay.  

In two of our deployment sub-
habitats, large trees had deposited 
directly on top of the mussel 
deployment locations (Figure 10), 
and the depths increased 
significantly by the associated 
scouring and erosion as water 
flowed under and around these 
trees. Sites 1 and 2 were in the upper 
Skippack Creek area, which 

Study Site Name Deployed May 2013 November 2013 Deployed May 2013 November 2013

1A 6 0 0 6 0 0

1B 6 0 0 4 0 0

1C 6 0 0 6 0 0

2A 6 0 0 6 0 0

2B 6 0 0 6 0 0

2C 5 0 0 4 0 0

3A 9 2 3 6 1 1

3B 10 0 0 7 0 0

4A 8 0 0 7 0 0

4B 9 0 0 9 0 0

5A 17 9 10 14 4 6

6A 9 2* 0 6 0 0

6B 9 0 0 9 0 0

Totals 106 13 13 90 5 7

*+ 2 dead shells Sum Recorded in May 18

Sum Recorded in November 20

Elliptio complanata Pyganodon cataracta

 

Figure 9. Erosion of this stream bank occurred along one mussel 

deployment site. 
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Figure 10. Examples of large debris that had been washed into 

and around many of our mussel deployment locations, 

presumably during Hurricane Sandy.  

appeared to have suffered the worst 
erosion due to flooding. Similarly, Site 4 
was in the lower Towamencin Creek just 
above the confluence with Skippack 
Creek, and it also appeared to have 
suffered severe storm water erosion. 
Only a few mussels were found at Site 6 
in May 2013, which also appeared to be 
significantly altered by flooding, with a 
large tree jam deposited on top of one of 
our mussel deployment sites. This site 
was seen to be further degraded in 
November 2013, possibly explaining why 
no mussels remained there on the later 
date. 

Although fewer sites had live mussels at 15 months since deployment (November), compared to 9 
months (May), we actually recovered a greater number of mussels on the later November date 
(n=20) than in May (n=18). This shows that the PIT tag reader is not 100% accurate since at least a 
few mussels were missed earlier.  The actual numbers of mussels deployed and later recovered per 
study reach are shown in Figures 11 (for E. complanata) and 12 (for P. cataracta). Across all six 
reaches, 106 E. complanata were released, and 12.3% were found in May 2013, and 12.3% found 
again in November 2014 (but in slightly different places). Interestingly, a greater portion of E. 
complanata was recovered than P. cataracta, since only 7.8% of the deployed Eastern Floaters were 
found at the end of the study. Eastern Floaters are larger and laterally wider on average than Eastern 
Elliptios, which are more knife-shaped. The shells of Eastern Floaters are also thinner and lighter 
per unit size, leading to a tendency to more easily “float” or get carried downstream in currents. 
Eastern Floaters are more adapted to larger, slower rivers (and ponds), whereas Eastern Elliptios are 
thicker shelled and more tolerant of fast flowing conditions. So the finding that fewer floaters stayed 
in the beds was not surprising, and to recover >7% of the floaters after 15 months was deemed very 
successful given the extensive flooding that had occurred. When compared across the six reaches 
(Figures 11 and 12), it is clear that study Reach 5 supported the best bed retention for both mussel 
species, and Reach 3 also supported 1-3 mussels of each species. 
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Figure 11. Number of live Elliptio complanata deployed (month 0) and later recovered in 

each of six reaches of Skippack Creek during 2012‐2013.  

 

Figure 12. Number of live Pyganodon cataracta deployed (month 0) and later recovered 

in each of six reaches of Skippack Creek during 2012‐2013. 
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As noted above, in areas where we found no or few mussels, it is unclear whether they were simply 
washed out and re-deposited somewhere downstream, or whether they might have been killed by 
either direct physical abrasion or from being washed out of the stream onto adjacent floodplains 
with other flooding debris. Considering the scale of the flooding and damage that occurred during 
this study period, we still found about 10% of our initial deployment group after 15 months (20 live 
mussels out of initial group of 196 deployed).  

A two-way ANOVA was used to describe significant differences in bed retention percentages 
among reaches and between surveys in May and November. Whereas there was no significant 
difference in bed retention data between the May and November 2013 survey (p>0.05), there was 
significant variation (p<0.0001) among study reaches in resulting bed retention for the combined 
two species of mussels (Table 3).  Mussels deployed into Reach 5 fared significantly better (p<0.05) 
than any other reach. Mussels deployed into Reach 3 were retained better (p<0.05) than in Reaches 
1, 2 or 4, but not as well as Reach 5. Finally, mussels deployed into Reach 6 were not significantly 
different (p>0.05) from all reaches except Reach 5. 

 

Table 3.  Results of a two‐way Analysis of Variance to assess statistical differences in bed retention 

efficiency (%) as a result of two main effects: study reach and survey month.   

Two‐Way ANOVA Model Output
Analysis of Variance for retention - Type III Sums of Squares 
Source Sum of 

Squares 
Df Mean 

Square 
F-
Ratio 

P-
Value 

MAIN EFFECTS      
 A:reach 8351.21 5 1670.24 25.83 0.0000 
 B:month 0.605655 1 0.605655 0.01 0.9239 
RESIDUAL 1228.61 19 64.6636   
TOTAL 
(CORRECTED) 

9580.43 25    

All F-ratios are based on the residual mean square error. 

 
 

Shell	Growth	of	Relocated	Mussels	in	Skippack	Creek	 	  
For mussels that were recovered during our 9-month and 15-month surveys, shell lengths were 
measured and contrasted with the initial shell lengths measured on the day mussels were tagged and 
released. Freshwater mussels are long-lived and grow quite slowly in contrast to marine bivalves, but 
accurate measurement with a digital micrometer can still yield subtle changes in sizes that might 
reflect the overall fitness of the animals in different reaches and between species. Indeed, if mussels 
are to survive and prosper in restoration projects, they need to both be able to maintain themselves 
and grow; otherwise insufficient energy reserves would be available to support reproduction.  
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Of the 20 mussels that were retrieved alive on November 22, 2013, all but 5 had increased in shell 
length. The overall mean change in shell length was +0.63 mm for both species combined. Eastern 
Elliptios (E. complanata) had a mean change of +0.58 mm (n=13), and the mean increase was similar 
for the seven Eastern Floaters (P. cataracta), +0.72 mm. Since Eastern Floaters were larger, on 
average (85.8 mm for the seven mussels in recovered in November), than Eastern Elliptios (70.1 
mm for 13 mussels recovered in November), it is more appropriate to express shell growth as a 
percentage change from the initial shell lengths when deployed. For the 20 mussels recovered in 
November 2013, the average percentage change in shell length for both species was +0.88%, and 
was very comparable between species (0.86% for E. complanata; 0.92% for P. cataracta). A two-way 
ANOVA comparing this percentage change in shell length confirmed that there was no significant 
difference (p>0.05) between species, nor was there a difference between the two study reaches (3 
and 5) that still had mussels at the end of the study (Table 4). Although there was not a statistical 
difference among study reaches, it was interesting to note that the arithmetic mean % shell change at 
Reach 3 was +1.64% compared to that at Reach 5, +0.69%. 

 

Table 4.  Results of a two‐way Analysis of Variance to assess statistical differences in mussel shell growth 

(expressed as percentage of initial shell length) as a result of two main effects: study reach and mussel 

species.   

Two‐Way ANOVA Model Output 
Analysis of Variance for Shpct - Type III Sums of Squares 
Source Sum of Squares Df Mean Square F-Ratio P-Value 
MAIN EFFECTS      
 A:Reach 2.96587 1 2.96587 1.82 0.1945 
 B:species 0.0938889 1 0.0938889 0.06 0.8130 
RESIDUAL 27.6361 17 1.62565   
TOTAL (CORRECTED) 30.618 19    

All F-ratios are based on the residual mean square error. 

 

Interestingly, even though the two species of mussels had almost identical net percentage changes 
in shell length after 15 months, the interim shell measurements at 9 months showed markedly 
different results (Figure 13). Eastern Floaters had the greatest positive change in shell lengths 
during the first 9 months and then appeared to decline slightly by 15 months, perhaps suggesting 
that they can grow more quickly during the fall to spring period. In contrast, Eastern Elliptios 
showed no shell growth during the first 9 months but then rapidly increased in shell length 
between 9 and 15 months, perhaps suggesting that they grow fastest during the peak growing 
seasons between spring and fall. More data are needed to determine if this pattern reflects real 
interspecific differences in seasonal growth rates, but it could be consistent with interspecific 
differences in resource allocation and the seasonal partitioning of growth between somatic and 
reproductive tissue. 
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Eastern Elliptio is a “short-term brooder” that invests significant energy into reproduction 
(gametogenesis) during late winter to spring, whereas Eastern Floaters are a “long-term brooder” 
that more consistently invest in reproduction across the year. The potential high energy and nitrogen 
demand of late winter reproduction by elliptios could utilize resources needed for somatic (and shell) 
growth during the winter and spring. 

Water	Quality	in	Skippack	Creek	
Water quality measurements recorded throughout the six reaches during the deployment and follow 
up surveys are presented in Table 5. Temperature followed typical seasonal and diurnal patterns with 
warmest temperatures recorded in August 2012. Dissolved oxygen values generally reflected changes 
in temperature throughout the study area and were, at times, higher at those reaches with shallow 
riffles or benthic algae. Conductivity values were highest in August 2012 and November 2013. 
Average pH was also highest during the August 2012 survey, reflecting the higher average 
temperatures and productivity at sites located between Reach 1 and the confluence with the 
Perkiomen Creek.  

 

 

 

Figure 13. Average percentage change in mussel shell length relative to initial sizes after 9 

and 15 months for the two species deployed into Skippack Creek in August 2012.  
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Table 5. Water quality data collected during mussel deployment and two follow up surveys throughout six reaches 

(1‐6) on Skippack Creek. 

 

	

Mussel	Benefits	to	Water	Quality	in	Skippack	Creek	
Freshwater mussels are believed to furnish numerous benefits to water quality and ecological health, 
as discussed by Kreeger et al. (2013). One of the most documented benefits is their reduction of 
total suspended solids (TSS) via their filtration of microparticulate material.  The removal of TSS 
from the water column promotes better light conditions, benefitting benthic producers such as 
submerged aquatic vegetation and periphyton.  Since higher TSS concentrations are often associated 
with stormwater runoff and can be laden with nutrients, TSS removal can help reduce pollution that 
typically impairs streams in southeast Pennsylvania.  The water quality benefits of freshwater mussels 
can be scaled to their abundance and population size structure since physiological processes such as 
filtration and digestion scale with body size (tissue mass).  Water filtration rates also vary with 
temperature (season), nutritional demands, and food quality/quantity.   

Kreeger et al. (2013) summarized the literature and derived typical clearance rates (volumes of water 
swept clear of particles) for freshwater mussel species.  These literature-based measurements were 
then contrasted with the final numbers and sizes of the two species of freshwater mussels remaining 
at the release locations in Skippack Creek after 15 months to derive a conservative estimate of water 
processing by those animals, expressed here at TSS removal benefits.  This estimate is conservative 
because it is based only on the documented survival of mussels, and it does not account for any 

Site Date

Water 

Temp ( c )

Dissolved 

Oxygen (% 

saturation)

Dissolved 

Oxygen 

(mg/ml)

Conductivity 

uS/cm pH

1 24‐Aug‐12 24.3 129.8 10.8 2047 8.33

2 24‐Aug‐12 24.1 132.0 11.1 1870 8.27

3 24‐Aug‐12 24.2 151.7 12.7 1653 8.50

4 24‐Aug‐12 25.1 147.4 12.1 2014 8.35

5 24‐Aug‐12 24.7 155.6 12.9 1242 8.81

6 24‐Aug‐12 25.6 130.8 10.6 1227 9.04

1A 14‐May‐13 18.6 119.6 11.2 1106 8.24

2A 14‐May‐13 15.9 123.5 12.1 1115* 8.08

3B 14‐May‐13 14.3 121.4 12.4 718 7.91
4A 14‐May‐13 15.9 128.4 12.7 990 7.92

5 14‐May‐13 11.9 104.8 11.3 434 7.92

6 14‐May‐13 12.2 107.6 11.5 442 7.90
1A 22‐Nov‐13 12.1 79.4 8.5 1948 7.42

1C 22‐Nov‐13 12.2 101.4 10.8 1952 7.65
2A 22‐Nov‐13 9.3 103.0 11.8 1943 7.80

3B 22‐Nov‐13 8.3 100.4 11.7 1727 7.61

4 22‐Nov‐13 13.1 116.6 12.1 2997 7.93

5 22‐Nov‐13 6.8 107.4 13.0 1830 7.90

6 22‐Nov‐13 8.1 137.6 16.4 1658 8.82

* specific conductivity
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mussels that are still alive but were washed downstream into areas that we did not survey. The 
combined clearance rate for TSS by the 20 mussels remaining in November 2013 is estimated to be 
146 gallons of water per day, equating to 53,346 gallons per year.  Since more animals were found at 
Station 5, they would filter 43,345 gallons per year compared to 10,001 gallons per year by the 
mussels remaining at Station 3. Assuming that TSS concentrations in Skippack Creek are similar to 
typical averages for southeast PA streams (5 mg/L, Kreeger et al., 2013), the 20 mussels would 
therefore filter an estimated 1.01 kg of dry TSS per year.   

Conclusions	
This experiment marks the first time that any freshwater mussels may have lived in Skippack Creek 
in some time, perhaps many decades, and it is the first time that Eastern Floaters have existed in 
Skippack or any neighboring watersheds in perhaps 100 years. Of the nearly 200 mussels of 2 
species that were reintroduced into different areas of Skippack Creek, only about 10% were found to 
be still living in the exact deployment locations more than a year later. However, this low retention 
at the deployment sites was most likely the result of extreme flooding that occurred only two 
months after deployment, associated with Hurricane Sandy. In most areas where we had deployed 
mussels, the stream bed was either buried with several feet of washed in sediment and debris or was 
deepened and scoured to bedrock because of storm water runoff associated with the flooding. Some 
mussels that were washed out of the deployment locations likely survived, whereas others may have 
perished if they were relocated to the floodplain. Without extensive additional surveying with the 
PIT reader below the deployment locations, we cannot know the fate of those mussels, but in future 
work in the stream we will hopefully find some of them still alive in new locations. 

Fortunately, some mussels survived the flooding intact in their original locations and were more 
abundant at 15 months than at 9 months post-deployment. Moreover, these animals demonstrated 
positive shell growth. Taken together, these results indicate that freshwater mussels of two different 
species can live and grow in Skippack Creek and the water quality and food resources are capable of 
supporting the bivalves. Longer term monitoring would help to strengthen these results because 
mussels grow slowly and might be susceptible to chronic stresses that have not yet manifested in this 
study. But the results do support the idea that mussels can meet their basic nutritional demands and 
that the water quality is suitable. A more important consideration for this system is the frequency 
and magnitude of storm water runoff events associated with flooding. An important determinant of 
long-term viability of mussel populations is habitat stability. Increasing amounts of precipitation are 
occurring in the Delaware River Basin and future climate projections indicate that still more 
precipitation, occurring in heavier events, is likely (PDE 2010, 2012a). When combined with 
increasing amounts of impervious surfaces associated with expanded development, these punctuated 
heavy rain events contribute to greater flooding, which is causing more erosion and degradation of 
our streams. Increasingly, it appears that the best places to restore freshwater mussels will be in 
“storm water refugia” or in areas of streams that are more protected from the high bed transport 
rates associated with large floods.  
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In summary, two species of freshwater mussels were successfully reintroduced to Skippack Creek 
and they appear to do reasonably well in those areas that are less prone to storm water-associated 
erosion. The water quality and food resources in Skippack Creek appeared capable of supporting 
freshwater mussels, at least in the lower reaches of Evansburg State Park and continuing to the 
mouth of Skippack Creek, at the Perkiomen Creek. We recommend that mussel restoration be 
expanded in Skippack and surrounding areas, but with careful characterization of available habitats 
and prioritization of areas that can serve as refugia from storm water problems. Mussels do not fare 
well in unstable stream bottoms, and so restoration efforts should target certain areas where the bulk 
of floodwater energy bypasses and where bed transport rates are lowest. Efforts to control storm 
water and flooding in the drainage basin, perhaps augmented with in-stream stabilization projects, 
might increase available mussel habitats, thereby enhancing potential water quality returns on 
investment if mussel restoration is expanded in the future.  
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