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Abstract
Freshwater mussels are some of the most imperiled animals in North America. There are 12 species of
freshwater mussels native to the Delaware River basin, of which, almost all are in decline due to a
variety of environmental stressors. Partnership for the Delaware Estuary (PDE) launched its Freshwater
Mussel Recovery Program (FMRP) in 2007 to conserve and restore freshwater mussels in the Delaware
Estuary. Mussel surveys and relocation studies are two of the nine activities in the FMRP that help
gather data and determine priority areas for restoration. Mussel surveys and relocation studies were
carried out by PDE and the Academy of Natural Sciences of Drexel University (ANSDU) to investigate the
retention and growth of freshwater mussels in Skippack Creek. Results indicate freshwater mussels can
thrive in Skippack Creek in certain areas and exhibit positive shell growth. Restoration efforts of
freshwater mussels in Skippack Creek and similar southeastern Pennsylvania streams may be limited to
the use of particular benthic habitats (e.g., slower, wider stream sections with sand/cobble substrates).

Introduction
Importance of Freshwater Mussels
In North America, over 70% of the 297 native species of freshwater mussel species are endangered,
threatened or of special concern (Williams et al. 1993) making them the most imperiled group of
animals nationally (Nobles and Zhang 2011). Freshwater mussels are also considered to be the most
imperiled animal locally in the Delaware River basin (PDE 2012a, 2012b). Accordingly, species richness
and population abundance of the 12 species native to the basin are in decline. Despite their decline,
there are emerging data suggesting that freshwater mussels are important for water quality and
ecological integrity depending on abundance, similar to other filter feeding bivalves (e.g. clams, mussels,
and oysters). Due to their imperiled status and potential importance in ecosystem functioning and 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 a few federal agencies (USFWS and
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 and 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
and meet 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 healthy
assemblages of native freshwater mussels, 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, are supporting PDE in working towards this goal of re-establishing healthy and
functionally-important native mussel beds in many areas where they once thrived. The water quality
1 Freshwater Mussel Recovery Program: Reintroduction of Freshwater Mussels into Skippack
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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 mussel species, please refer to Freshwater 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 or
not possible.

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 watershedbased shellfish restoration strategy which also includes saltwater oysters and saltwater ribbed mussels.
Together, these shellfish range from the headwaters to the Bay.
The FMRP consists of 9 activities:
 Surveys both qualitative and quantitative to identify potential restoration sites and provide data on
extant populations.
 Assessments using caged mussels to determine the suitability of streams for restoration.
 Conservation of critical mussel habitat.
 Restoration via Reintroduction to determine survivability of mussels in restoration streams.
 Restoration via Propagation using hatchery methods to seed streams for water quality uplift and
bolster mussel abundance.
 Restoration via Habitat to aid in mussel population carrying capacity.
 Research and Monitoring to understand mussel life history and its interaction with future
environmental conditions.
 Outreach to educate the public about conservation and restoration of freshwater mussels.
 Coordination of mussel conservation and restoration work with partners within the region.
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Skippack Creek
Restoration
The Skippack Creek’s 35,686 acre
watershed (Fig 1.) is mainly
comprised of urban, suburban and
agricultural land use. The lower
Skippack Creek is surrounded by
Evansburg State Park, which
provides some riparian cover. The
creek flows entirely within central
Montgomery County for 15.5 miles
prior to its confluence with the
Perkiomen Creek. The three main
tributaries of Skippack Creek
include the West Branch of
Skippack Creek (4.1 miles), the
Towamencin Creek (5.6 miles) and
the Zacharias Creek (5.2 miles).
These
river
lengths
are
summarized in Table 1.
Skippack Creek was chosen as a
restoration site based on interest
expressed in the current status of
freshwater mussels and their
potential water quality benefits in
Skippack Creek by officials from
Figure 1. The Skippack Creek watershed and its tributaries
Lower
Salford
Township,
within Montgomery County, PA.
Pennsylvania. Results from this
2012-2013 study were previously reported
(Kreeger and Thomas 2014) and this report
Table 1. Stream lengths of Skippack Creek and tributaries
updates findings through 2014. To assess
Stream
Length (miles)
extant mussel populations in Skippack
Skippack Creek
15.5
Creek, researchers first performed a
West Branch
4.1
literature review of existing surveys. The
Towamencin Creek
5.6
most recent comprehensive mussel survey
Zacharias Creek
5.2
available for this area dates back to 1919
(Ortmann 1919) indicating a large gap in
our understanding of the current status
and trends of freshwater mussels in this system.

Timeline and Approach
Based on this gap in survey data, in 2012, we performed qualitative surveys of presence or absence
along the main stem Skippack Creek. Results of these surveys indicated that no extant mussel
populations existed in Skippack Creek, and so a reintroduction study, supported by the Lower Salford
Township, was launched in 2012 to determine if mussels could survive and grow under current stream
conditions. . Since mussels survived in lower reaches of Skippack Creek, a second reintroduction was
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conducted in 2014 with funding from the DuPont Clear into the Future program. In late 2014, all
reintroduced mussels (2012, 2014) were re-surveyed to document presence/absence and growth.

Methods
Surveys of Extant Mussels
Prior to investigating streams, scientists from PDE and the Academy of Natural Sciences of Drexel
University (ANSDU) consulted their respective institution’s mussel survey databases for any recent
survey data in Skippack Creek. This effort was followed by qualitative surveys at seven sites on the
Skippack Creek performed by PDE and ANSDU scientists. Surveys were up to 30 minutes in duration and
consisted of 3 trained scientists per survey. Qualitative surveys were performed by wading through each
stream reach searching for any live mussels within the stream bed or remains of dead mussels (double
valve shells, single valve shells, or partial shells) in the streambed or on stream banks. This qualitative
method allowed surveyors to cover large areas efficiently. Dead shells were considered evidence of past
or current populations upstream in the creek.

Reintroduction
Collection
Freshwater mussels are traditionally relocated when projects involving habitat degradation or
destruction threaten extant populations. This practice conserves the long-lived mussels in areas where
they would otherwise perish. Additionally, mussels may be relocated within the same major drainage to
seed new populations in areas where they historically existed but no longer do (i.e. reintroduction).
Whenever mussels are relocated, it is imperative that only genetically-similar individuals be used for
reintroduction in streams where they once existed. Subsequent monitoring of reintroduced animals
indicates if expanded restoration can be successful, and is best gauged by comparing performance to
reference streams having mussels.
Table 2. Summary of activities for the 2012 reintroduction.
The 2012 reintroduction consisted of
Date
Activity
collection, tagging, deployment and
August 22nd-23rd 2012 Mussel Collection
periodic monitoring of freshwater
August 24th
2012 PIT tagging and deployment
mussels.
These
activities
are
May 14th
2013 Monitoring Survey
th
summarized in Table 2 and are
August 29
2013 Monitoring Survey
described in detail below.
To
reintroduce freshwater mussels into Skippack Creek, scientists collected 106 Eastern elliptio (Elliptio
complanata) and 90 Eastern floaters (Pyganodon cataracta) during a quantitative mussel survey on the
Delaware River on August 22nd and 23rd of 2012. (In order to collect mussels, field personnel had fishing
licenses and appropriate collection permits from the Pennsylvania Fish and Boat Commission prior to
conducting research; Permit No.354
Type 1). Mussels were held
overnight in the Delaware River and
subsequently
transported
for
tagging. Mussel species are
depicted in Figure 2. (Note: the
Eastern
Floater
Pyganodon
Figure 2. The Eastern floater, Pyganodon cataracta (left) and the
cataracta closely resembles the
Eastern elliptio, Elliptio complanata (right).
Alewife Floater Anodonta implicata
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which is also native to the Delaware River. This report describes the “floater” species collected to be P.
cataracta though it is not certain.
Tagging
Tagging occurred on August 24th 2012. Mussels
were first gently cleaned using river water and
scrub brushes. This ensures a clean surface to
affix tags. After mussel shell surfaces air dried,
mussels were dual tagged with a plastic
identification tag as well as an electronic
passive integrated transponder (PIT) tag.
Plastic tags were attached using super glue and
PIT tags were encased with, and attached to
shells, using a marine epoxy. Tagging activities
are depicted in Figure 3.
The plastic tag served as easy visual
identification while the PIT tag allowed field
crews to survey relocated mussels in their
streams without physically removing the
mussel from the stream bed.

Figure 3. PDE staff tagging and recording tag data
(top). Elliptio mussel dual tagged with a PIT tag in
white marine epoxy and plastic ID tag (bottom).

After the two tags were applied, tag data and
shell lengths were recorded. A PIT tag reader (PIT readers included a Biomark FS-2001 (2013 surveys)
and a Biomark HPR+ (2014 surveys)) was used to record PIT tag data and a set of digital calipers was
used to record shell lengths (±0.01mm). Shell height data provides insight into relocation stream
conditions (e.g. food, stressors) and whether or not mussels can achieve positive growth over time.
Mussels were then randomly divided into groups of 31-33 individuals containing roughly even numbers
of each species.
2012 Deployment
Field crews deployed mussels on August 24th
2012 into a total of six sites that spanned nearly
the entire length of Skippack Creek. Deployment
beds were chosen based on geomorphology,
substrate conditions and other habitat
considerations. Generally, relocation beds were
chosen to have enough stream flow to supply
oxygen and adequate food for mussels, water
height to keep mussels immersed during
drought, substrate in which mussels can burrow
within, and protection from floodwater scouring.
Mussels were placed into the stream bed by
hand with their anterior ends pushed into the
sediment (Figure 4). Table 3 summarizes the
locations and numbers of mussels relocated
within each site. See Figure 5 for spatial context
of sites in reference to the creek and tributaries.
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Table 3. Relocation site coordinates and number of mussels species deployed.
# deployed E.
# deployed P.
Site
Latitude
Longitude
complanata
cataracta
6
6
Site 1A 40.25726597 -75.35527004
6
4
Site 1B 40.25708199 -75.35534397
6
6
Site 1C 40.25578296 -75.35528898
6
6
Site 2A 40.23574904
-75.376072
6
6
Site 2B 40.23569598 -75.37619202
5
4
Site 2C 40.23544201 -75.37637198
9
6
Site 3A 40.22278802
-75.382847
10
7
Site 3B 40.22372897 -75.38295697
8
7
Site 4A 40.22261602 -75.38265799
9
9
Site 4B 40.22299396 -75.38109301
17
14
Site 5A 40.16663698 -75.43178399
9
6
Site 6A 40.15055303 -75.44631997
9
9
Site 6B 40.15052503 -75.44629097
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Figure 5. Map of 2012 reintroduction sites in Skippack Creek. Site 3 and site 5 were also study
sites for the 2014 reintroduction. Note: Site 3 is within the Skippack Creek while the adjacent site
4 is situated at the mouth of the Towamencin Creek.
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2012-2013 Mussel Monitoring
After deployment, mussels were monitored for bed
retention (Figure 6) and growth rates in subsequent
months. Bed retention was measured on May 14th and
November 22nd 2013 as well as on August 29th and
November 14th 2014 using a PIT tag reader. The tag
reader records data when then antenna passes within 8
inches of a tagged mussel. Monitoring surveys were
performed within the immediate vicinity of the
relocated mussel bed and therefore do not capture
mussels that may have washed downstream or had
been preyed upon. Because this monitoring survey only
provides data if the mussel is pinged, data from these
surveys are conservative in nature. Bed retentions have
the potential to be higher than what was recorded in
the field due to logistical considerations for monitoring
multiple beds up to 10 meters in length.
Shell lengths were also recorded on the first two
monitoring events. Once mussels were located for
retention, field personnel carefully removed mussels
and recorded shell lengths with digital calipers. Mussels
were then replanted into the same location after
measurement.

Figure 6. Kurt Cheng (PDE) using an HPR+
PIT tag reader to record retention.

2014 Reintroduction
Following the exact same methodology as the 2012
reintroduction, the 2014 reintroduction served to bolster
mussel abundance within sites 3 and 5 as they had superior
bed retention from the 2012 reintroduction (see results and
discussion). A total of 50 Eastern elliptio mussels were
collected from the Delaware River and tagged on August 28th of
2014. Mussels were then deployed by hand at sites 3 and 5
(Figure 7) on August 29th 2014. Each site received 25
supplemental mussels. These activities are summarized in Table
4.

Figure 7. Deployed mussel in
Skippack Creek.

Table 4. Summary of activities for the 2014 reintroduction.
Date
Activity
August 28th
2014 Mussel collection and PIT tagging
August 29th
2014 Deployment of tagged mussels
November 14th 2014 Monitoring survey
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Water Quality Monitoring
Water quality data were collected (Figure 8) at
each site during 2012 and 2014 deployments as
well as during every monitoring survey performed
using a YSI 6600v2 sonde. Parameters recorded
include dissolved oxygen (mg/L), dissolved oxygen
(% saturation), temperature (°C), pH, and
conductivity (uS/cm). The YSI sonde was calibrated
prior to use each field day.

Results and Discussion
Mussel Surveys
Historic survey data were found indicating the
presence of Elliptio complanata in the Perkiomen
Creek upstream from the confluence of the
Skippack Creek. Qualitative surveys in Skippack
Creek performed by trained field personnel from
ANSDU and PDE did not find evidence of current
Figure 8. Roger Thomas (ANSDU) collecting
freshwater mussels in the main stem Skippack
water quality data using a YSI 6600V2 sonde.
Creek. One shell of the species determined to be
Pyganodon cataracta was found within the Towamencin Creek, however, it was only a partial shell,
likely eroded from the stream bank and therefore not from an extant population. Therefore, we
concluded based on our qualitative surveys that no extant mussel populations currently existed in
Skippack Creek.

Bed Retention
Bed retention was determined during a
series of monitoring surveys conducted
during
the
2012
and
2014
reintroductions (Table 5).

Table 5. 2012 and 2014 surveys of reintroduced mussels.
2012 Reintroduction
2014 Reintroduction
Monitoring Months after Monitoring Months after
Survey #
Deployment Survey #
Deployment
1
9
1
4
2
15
3
25
4
27
-

Mussels Reintroduced in 2012
Retention data are presented in Tables
6 and 7. For the 2012 reintroduction,
bed retention was zero after the initial
deployment in all locations but sites 3, 5 and 6 for the Eastern elliptios. Similarly, bed retention was zero
after initial deployment for all sites except sites 3 and 5 for Eastern floaters. This is likely due to different
habitat conditions and degree of protection from flood waters among sites disturbed by Hurricane
Sandy which affected the region in late October 2013, two months after initial deployment. Strong
currents and severe flooding decimated streambeds in most locations, and hence bed retention at all
mussel deployment sites dropped in response to this anomalous storm event. This initial drop in mussel
retention should be taken into consideration when interpreting retention data.

9

Freshwater Mussel Recovery Program: Reintroduction of Freshwater Mussels into Skippack
Creek, 2012-2014, PDE Report 15-01

Table 6. Number of Elliptio complanata recovered during monitoring surveys
at varying months after deployment.
Site Number
Month 9
Month 15
Month 25
Month 27
Deployed
1A 6
0
0
nd
nd
1B 6
0
0
nd
nd
1C 6
0
0
nd
nd
2A 6
0
0
nd
nd
2B 6
0
0
nd
nd
2C 5
0
0
nd
nd
3A 9
2
3
3
3
3B 10
0
0
nd
nd
4A 8
0
0
1*
1*
4B 9
0
0
nd
nd
5A 17
10
10
9
10
6A 9
2**
0
nd
nd
6B 9
0
0
nd
nd
nd = no data, monitoring discontinued following 2 successive null recoveries
*Mussel was recorded despite not surveying Site 4 due to washing from adjacent site
**2 dead shells also recovered, not included in total

Table 7. Number of Pyganodon cataracta recovered during monitoring surveys
at varying months after deployment.
Site Number
Month 9
Month 15
Month 25
Month 27
Deployed
1A 6
0
0
nd
nd
1B 4
0
0
nd
nd
1C 6
0
0
nd
nd
2A 6
0
0
nd
nd
2B 6
0
0
nd
nd
2C 4
0
0
nd
nd
3A 6
1
1
0
0
3B 7
0
0
nd
nd
4A 7
0
0
nd
nd
4B 9
0
0
nd
nd
5A 14
4
6
2
1
6A 6
0
0
nd
nd
6B 9
0
0
nd
nd
nd = no data, monitoring discontinued following 2 successive null recoveries

An initial analysis of bed retention data at month 9 and month 15 was performed with a two-way
analysis of variance (Table 8) which tested for differences in bed retention among sites and months. Bed
retention did not significantly differ by month (p>0.05) suggesting mussel beds stabilized after the initial
disturbance caused by Hurricane Sandy. However, bed retention significantly differed by site. Site 5 had
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significantly higher bed retention than all sites (p<0.0001). Site 3 had significantly higher bed retention
(p<0.05) than all sites except for site 5. Therefore, bed retention was stable after 15 months and sites 3
and 5 had significantly higher bed retentions compared to other sites.
Table 8. Two-way analysis of variance testing difference in bed
retention rate (%) among reaches and months.
Two-Way ANOVA Model Output
Analysis of Variance for retention - Type III Sums of Squares
Source
Sum of
Df Mean
FPSquares
Square
Ratio 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
9580.43
25
(CORRECTED)
All F-ratios are based on the residual mean square error.
Additional bed retention data gathered at 25 months and 27 months warranted further data analysis.
Bed retention data for sites 3 and 5 are presented graphically in Figures 9 and 10. These figures seemed
to be depicting the stable bed retention of the Eastern elliptio and decreased bed retention of the
Eastern floater through 27 months. Therefore, bed retention data were analyzed for differences by
month and between species using a two-way analysis of variance (Table 9). Bed retention rates (%)
significantly differed by species (p<0.01). This confirms that although both species demonstrated good
bed retention at sites 3 and 5 after 15 months, longer term data revealed the better suitability of the
Eastern elliptio to Skippack Creek than the Eastern floater. These species differ ecologically in that
Eastern floaters tend to “float” as it is thought to be adapted to live in waters of low flow or lentic
environments. Faster currents and flood waters may easily transport this species downstream more
readily than the hardier Eastern elliptio which is more evolved to handle swift currents.
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Figure 9. Number of Elliptio complanata recorded at each site over 4
monitoring surveys after 28 months.

12

Freshwater Mussel Recovery Program: Reintroduction of Freshwater Mussels into Skippack
Creek, 2012-2014, PDE Report 15-01

Figure 10. Number of Pyganodon cataracta recorded at each site over
4 monitoring surveys after 28 months.
Table 9. Two-way analysis of variance testing difference in bed
retention rate (%) among species and months.
Two-Way ANOVA Model Output
Df

Sum of
Mean
F-value P-value
Squares Square
Month
1 560.67
560.67
2.5372 0.137177
Species
1 2575.56 2575.56 11.6552 0.005135
Month:Species 1 824.46
824.46
3.7310 0.077370
Residuals
12 2651.75 220.98
All F-ratios are based on the residual mean square error.
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Mussels Reintroduced in 2014
As shown in Table 10, the monitoring
Table 10. Retention data for the 2014 reintroduction
survey for the 2014 reintroduction
Site Number Deployed Total Recovered at Month 4
resulted in very high retention rates
3
25
23
(92%). Unlike the 2012 reintroduction,
5
25
23
the 2014 reintroduction was not
subjected to significant storms and
resulting high creek discharges. Currently, sites 3 and 5 are the only sites currently monitored and
demonstrate stable mussel numbers (Figure 11). Additional surveys to both sites 3 and 5 will help
elucidate trends in mussel retention. Due to the stable trend of mussel retention from the 2012
reintroduction, it is highly likely mussels from the 2014 reintroduction will continue to be retained in a
similar manner with future surveys.

Figure 11. Number of mussels retained in Sites 3 and 5 after the 2012 and 2014
reintroduction monitoring surveys.
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Shell Growth
Shell lengths of relocated mussels were recorded prior to deployment in order to track shell growth, if
any, after deployment. Freshwater mussels are slow-growing and long-lived animals. Growth data
provide insight into the underlying stream conditions that could facilitate or hinder the successful
restoration of mussels. For the 2012 reintroduction, shell growth data were recorded in the field at 9
and 15 months after deployment. On average, relocated mussels demonstrated positive shell growth.
Growth averages for mussels measured are summarized in Table 11.
Table 11. Average shell growth of E. complanata and P. cataracta in Skippack Creek (2012
reintroduction).
Time after
E. complanata
P. cataracta
Deployment Average Shell % Change Sample Average Shell % Change Sample
Growth (mm)
size
Growth (mm)
size
9 Months
0.06
0.10%
7
0.91
1.01%
3
15 Months
0.56
0.83%
13
0.72
0.92%
7
Nine months after deployment, Eastern elliptios experienced very little growth compared to Eastern
floaters. However, elliptios saw increased shell growth after 15 months while floaters did not. It is
important to consider the sample sizes for all averages and the potential differences in measurement
technique among field staff. The change from 9 months to 15 months between species is not indicative
of differences between species as a two-way ANOVA (Table 12) indicated no difference in shell growth
between species or between reaches (p>0.05). As surveys recovered and measured more mussels,
average growth seems to converge towards slightly under a 1% increase in shell growth (Figure 12).
Additional growth data would likely support similar changes in growth and future surveys may reveal
greater shell growth with time. Current data indicating positive shell growth across both species and at
all reaches where growth was recorded after 15 months (sites 3 and 5) is encouraging. Future growth
data for the 2014 reintroduction will strengthen our understanding of shell growth in Skippack Creek.
Table 12. Two-way analysis of variance testing differences in percent change of
shell growth between species and between stream reach for the 2012
reintroduction.
Two-Way ANOVA Model Output
Analysis of Variance for Shell Percent Change - Type III Sums of Squares
Source
Sum of Squares Df Mean
F-Ratio P-Value
Square
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.
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Figure 12. Average percentage change in mussel shell length relative to initial sizes after 9 and 15
months for the two species deployed into Skippack Creek (2012 reintroduction).
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Water Quality
Water quality measurements were taken in Skippack Creek during the deployment of mussels, as well as
during the first two monitoring surveys in 2013. In 2014, water quality data were only taken at sites 3
and 5 in accordance with the second reintroduction effort at these sites (Table 13). Skippack Creek
generally has high conductivity but varies slightly by site and fluctuates with season, as do stream
temperatures. Dissolved oxygen data indicates all sites are well oxygenated. Moderate stream flows
allow for adequate oxygenation at all sites.
Table 13. Water quality parameters collected at each site visited during deployment and monitoring.
Stream
Dissolved
Dissolved
Conductivity (uS/cm)
Site Date
Temp (°C) Oxygen (mg/L) Oxygen (%) * specific conductivity (uS/cm) pH
1
24-Aug-12
24.3
10.8
129.8
2047
8.33
2
24-Aug-12
24.1
11.1
132.0
1870
8.27
3
24-Aug-12
24.2
12.7
151.7
1653
8.50
4
24-Aug-12
25.1
12.1
147.4
2014
8.35
5
24-Aug-12
24.7
12.9
155.6
1242
8.81
6
24-Aug-12
25.6
10.6
130.8
1227
9.04
1A
14-May-13 18.6
11.2
119.6
1106
8.24
2A
14-May-13 15.9
12.1
123.5
1115*
8.08
3B
14-May-13 14.3
14.4
121.4
718
7.91
4A
14-May-13 15.9
12.7
128.4
990
7.92
5
14-May-13 11.9
11.3
104.8
434
7.92
6
14-May-13 12.2
11.5
107.6
442
7.90
1A
22-Nov-13 12.1
8.5
79.4
1948
7.42
1C
22-Nov-13 12.2
10.8
101.4
1952
7.65
2A
22-Nov-13 9.3
11.8
103.0
1943
7.8
3B
22-Nov-13 8.3
11.7
100.4
1727
7.61
4
22-Nov-13 13.1
12.1
116.6
2997
7.93
5
22-Nov-13 6.8
13.0
107.4
1830
7.90
6
22-Nov-13 8.1
16.4
137.6
1658
8.82
3
29-Aug-14
22.47
10.10
117.3
208.6*
8.20
5
29-Aug-14
21.96
9.98
114.8
210.7*
8.44
3
14-Nov-14 7.6
11.33
95.1
1079*
8.63
4
14-Nov-14 11.1
12.53
114.5
1532*
9.00
5
14-Nov-14 7.0
11.33
93.6
1066*
8.51
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Conclusions and Next Steps
Reintroduction efforts in Skippack Creek, though initially subdued by severe flooding, have shown
promising results including positive shell growth and stable bed retention. Hurricane Sandy was an
unavoidable and unfortunate storm event that disturbed relocated mussel beds before mussels could
properly stabilize. Despite the initial loss of mussels due to this anomalous event, some mussels were
able to remain in their beds and provided retention and growth data upon which lessons were learned.
This study demonstrates the differences among sites in Skippack Creek. Sites 3 and 5 had significantly
higher bed retentions compared to all other sites suggesting relocation sites may fair better
downstream compared to upstream in the main stem Skippack Creek. Future relocation efforts should
target similar sites and benthic habitats in regards to flow rates, substrates and flood protection.
Differences in bed retention between the Eastern elliptio and the Eastern floater were also observed.
Though both species demonstrated similar shell growth and evidence of bed stabilization at 15 months,
further monitoring revealed stable bed retention rates for the Eastern elliptios and the Eastern floaters
inability to flourish in Skippack Creek, most likely due to affinity for slower moving waters. These
findings are critical for future freshwater mussel restoration efforts in Skippack Creek and similar
streams in southeastern Pennsylvania. Large scale propagations of seed mussels must be done
strategically to ensure the ultimate restoration of healthy mussel beds. The successful propagation of
stable mussel beds will further enhance stream bed stability and habitat diversity and provide valuable
ecosystem functioning and water quality benefits for future generations.
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