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Abstract
Freshwater mussels are one of the most imperiled groups of aquatic animals in North America as well as
in the Delaware River Basin. They are faced with challenges including flooding, stream erosion and dams
preventing migratory fish passage needed for freshwater mussel reproduction. Healthy beds of
freshwater mussels provide valuable ecosystem services such as the removal of nutrients and
particulate pollution in stream water. Partnership for the Delaware Estuary (PDE) launched its
freshwater mussel recovery program (FMRP) with the goal of ultimately restoring freshwater mussels in
the Delaware River Basin. A total of nine streams were surveyed in northern Delaware to determine the
current status of freshwater mussel populations and the potential for streams to support reintroduced
freshwater mussels where they may have originally existed. A few of the streams surveyed had live
mussels but only supported one species, the Eastern elliptio (Elliptio complanata). Streams where
mussels were not found but contained suitable mussel habitat were targeted for mussel reintroductions.
Freshwater mussels were electronically tagged and placed into multiple locations in each study stream
where they were periodically monitored for their bed retention. Current monitoring data suggest
favorable bed retention and indicate the potential for large scale propagation of mussels in specific
areas of these study streams. In addition to scientific studies, outreach activities have been widely
successful with trained citizen scientists reporting data through an online data portal.

Introduction
Importance of Freshwater Mussels
In North America, over 70% of the near 300 native species of freshwater mussel 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 to be the most imperiled animal
locally in the Delaware River Basin as well with declines in species richness, range of distribution, and
population abundance (PDE 2012a, 2012b). The majority of the 12 native species to the basin are of
concern and few areas support robust populations of common species (Table 1). Despite their decline,
there are emerging data suggesting freshwater bivalves are important for water quality and have
significant ecological roles depending on population abundance, 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 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, 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 ecosystembased restoration in the Delaware River Basin. This goal is based on the observation that mussels are
very long-lived (species dependent, upwards of 100 years) and sensitive to a variety of suboptimal
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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 water quality benefits of healthy natural mussel beds are only now being studied, but look to be
sizeable. Subject to environmental conditions, each adult mussel filters gallons of water every day. 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 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 may again be sustained.
However, blockages to fish passage, 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.
Table 1. Current conservation status of freshwater mussels in the Delaware River Basin.
State Conservation Status of Freshwater Mussel Species
State Conservation Status
Scientific Name
Alasmidonta heterodon
Alasmidonta undulata
Alasmidonta varicosa
Anodonta implicata
Elliptio complanata
Lampsilis cariosa
Lampsilis radiata
Lasmigona subviridis
Leptodea ochracea
Ligumia nasuta
Margaritifera margaritifera
Pyganodon cataracta
Strophitus undulatus
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Common Name
Dwarf Wedgemussel
Triangle Floater
Brook Floater
Alewife Floater
Eastern Elliptio
Yellow Lampmussel
Eastern Lampmussel
Green Floater
Tidewater Mucket
Eastern Pondmussel
Eastern Pearlshell
Eastern Floater
Creeper

DE
Possibly Extirpated
Possibly Extirpated
Extirpated
Critically Imperiled
Secure
Possibly Extirpated
Critically Imperiled
no data
Critically Imperiled
Critically Imperiled
no data
Apparently Secure
Critically Imperiled

NJ
Endangered
Threatened
Endangered
no data
Common
Threatened
Threatened
Endangered
Threatened
Threatened
no data
no data
Species of Concern

PA
Critically Imperiled
Vulnerable
Critically Imperiled
Vulnerable
Apparently Secure
Apparently Secure
Critically Imperiled
Imperiled
Critically Imperiled
Imperiled
Critically Imperiled
Apparently Secure
Secure
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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 watershedbased shellfish restoration strategy which also includes saltwater oysters and saltwater ribbed mussels.
Together, these shellfish range from the headwaters to the Bay. The 9 activities of the FMRP (Fig. 1) are
summarized below:










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
Figure 1. Primary activity areas for the
carrying capacity.
Freshwater Mussel Recovery Program.
Research and Monitoring to understand mussel life
history and its interaction with future environmental conditions.
Coordination of mussel conservation and restoration work with partners within the region.
Outreach to educate the public about conservation and restoration of freshwater mussels.

Delaware Freshwater Mussel Activities
Previous Freshwater Mussel Restoration
Freshwater mussel restoration in Delaware began in 2012 when trained scientists from Partnership for
the Delaware Estuary (PDE) surveyed White Clay and Red Clay Creeks for extant populations of
freshwater mussels. These surveys were followed by reintroduction efforts in 2013 which occurred
within each creek. Retention data for mussels were promising though growth data were insufficient as
freshwater mussels are slow growing animals. For a discussion on these data, see Kreeger et al. 2014.
This report presents research that builds upon this initial Delaware freshwater mussel research.
Expansion of Freshwater Mussel Restoration
To expand the current understanding of extant freshwater mussel populations in Northern Delaware,
qualitative surveys were performed in nine streams including Naamans Creek, Stoney Creek, Shellpot
Creek, Christina River, Dragon Run Creek, Appoquinimink River, Blackbird Creek, Duck Creek and Mill
Creek. These nine streams span New Castle and Kent Counties and vary in stream length and watershed
area (Table 2). Based on the results of these qualitative surveys, a subset of streams was selected for
freshwater mussel reintroductions. Reintroduced freshwater mussels were monitored to capture bed
retention over time.
Outreach Trainings and Workshops
A critical component of the FMRP includes outreach to educate the public on the value of freshwater
mussels as natural heritage as well as their positive effects via their ecosystem services for our
waterways. To convey these messages, PDE staff organized a series of freshwater mussel activities and
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volunteer trainings throughout Delaware during the study period. Trained participants were encouraged
to conduct freshwater mussel surveys in their neighboring streams and upload data to PDE’s online data
portal (http://delawareestuary.org/mussel-survey-program) using the skills acquired through mussel
workshops.

Methods
Qualitative Mussel Surveys
Qualitative surveys for freshwater mussels were performed by teams of trained PDE scientists in each of
the nine study streams. Surveys targeted accessible reaches of freshwater zones of each stream where
wading was possible. Kayaks were used to survey when surveyors could not safely wade through the
stream. Surveyors performed timed searches for evidence of freshwater mussels in the stream bed and
on the stream banks. When live mussels were found, specimens were identified and subsequently
returned to the streambed. Shells were considered to be evidence of previous mussel beds and/or
evidence of mussel beds further upstream that had washed down. Shell specimens with two valves were
considered to be strong evidence of new mortality of mussels within the vicinity of the survey. Survey
durations averaged 15 minutes per reach. A minimum of two reaches were surveyed in each stream
except for Dragon Run Creek. The amount of reaches surveyed for each stream depended upon
accessibility, stream length and other logistical considerations (Fig. 2).

Table 2. Summary of the nine streams surveyed for extant
populations of freshwater mussels.
Stream
Length (miles) Watershed Area (Acres)
Appoquinimink River 15.3
30,783
Blackbird Creek
16.9
22,397
Christina River
29.6
33,624
Dragon Run Creek
7.67
6,493
Duck Creek
3.60
22,878*
Mill Creek
9.40
22,878*
Naamans Creek
1.28
10,176
Shellpot Creek
7.86
6,525
Stoney Creek
2.75
4,897
*same watershed (HUC12)
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Figure 2. Qualitative surveys in each of the nine study streams in New Castle and Kent counties.
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Reintroduction of Freshwater Mussels
Streams that may have once supported freshwater mussel populations but currently do not may have
been degraded in the past. Examples of past degradation may include increased stormwater runoff
resulting in increased flooding and erosion of the stream bed, metal toxicity, or other environmental
stressors that negatively impacted freshwater mussels. Reintroductions of freshwater mussels into these
streams investigate current conditions and provide empirical evidence on whether or not freshwater
mussels can survive and grow under current stream conditions. The methodology used to reintroduce
freshwater mussels into Delaware streams is described in detail below.
Collection
There are two main methods of attaining freshwater mussels for restoration purposes. One method is
using hatchery propagated mussels where genetically appropriate mussels are grown out for restoration
purposes. The other method is to collect freshwater mussels
from extant populations within the same major watershed
as the restoration project. This practice is often employed
when projects involving habitat degradation or destruction
threaten the extant populations and conserves the longlived mussels in areas where they would be otherwise
subject to incidental death. The source of freshwater
mussels for this study was a population of the Eastern
elliptio mussel, Elliptio complanata, in the Brandywine River
near Thompson’s Bridge. A previous quantitative freshwater
mussel survey of this area (Kreeger et al. 2014) determined
this population of E. complanata was robust in abundance
to warrant the collection of mussels. Prior to collection, PDE
scientists applied and received the necessary collecting
permit from the Delaware Natural Resources and
Environmental Control Division of Fish & Wildlife (Permit #
2014-FSC-001). Trained PDE scientists collected a total of
176 elliptio mussels by hand on June 9th 2014.
Tagging
Once all elliptio mussels for reintroduction were collected,
PDE staff worked to tag mussels using a dual tagging
method (Fig. 3). Tagging occurred on June 9th 2014. All
elliptio mussels were gently cleaned using river water and
brushes to gently remove algae and debris on shells. This
allowed proper tag attachment to mussel shells. Once the
exterior of mussel shells were dry, the two types of tags
were affixed to each mussel. Plastic tags were attached with
super glue and provided visual identification of each mussel.
Figure 3. Attaching a plastic tag to a
Electronic passive integrated transponder (PIT) tags were
mussel (top). Elliptio mussel dual
attached with a white marine epoxy and allowed field
tagged with a PIT tag and plastic ID
personnel to relocate each reintroduced mussel in streams
tag (middle). Measuring mussels
without physically disturbing the mussel from the stream
digital calipers (bottom).
bed. Mussel shell lengths were measured using a set of
digital calipers (Mitutoyo CD-6” CXR, ±0.03 mm) and a PIT tag reader (HPR+) was used to record PIT tag
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identification numbers. Once mussel tag data and shell lengths were recorded, mussels were randomly
divided into 7 equal groups of similar sized mussels.
Deployment
Based on field observation during qualitative surveys, the Christina River and the Shellpot Creek were
chosen as reintroduction streams for this study. Field crews deployed mussels into both of these
streams on June 10th 2014, one day following the collection and tagging day. In the Christina River,
tagged elliptio mussels were deployed into four different reaches of the non-tidal section of the river.
Shellpot Creek had three reaches where tagged elliptio mussels were deployed. Deployment beds were
chosen based on the stream’s geomorphology, substrate and other habitat considerations.
Reintroduced mussel bed areas were
chosen based on stream conditions
including adequate stream flow to
supply oxygen and adequate food for
mussels, sufficient water level to keep
mussels immersed during drought,
sufficient substrate in which mussels
could burrow within and substantial
protection from floodwater scouring
(e.g. submerged logs, boulders).
Mussels were position into the stream
bed by hand with their proper
orientation of anterior ends in the
sediment (Fig. 4). Table 3 summarizes
the site locations and breakdown of
beds within each site. See Figure 5 for
Figure 4. Dr. Danielle Kreeger deploying mussels into
spatial context of study sites.
Shellpot Creek.

Table 3. Geographic coordinates and number of mussels deployed into
reintroduction sites.
# Reintroduced
Study Stream
Site
Latitude
Longitude
Mussels
Christina River Site 5
25
39.63592
-75.70705
Christina River Site 7
25
39.65065
-75.75059
Christina River Site 8
25
39.65182
-75.75185
Christina River Site 12
26
39.70070
-75.78690
Shellpot Creek Site 2
25
39.75636
-75.51640
Shellpot Creek Site 3
25
39.78428
-75.53261
Shellpot Creek Site 5
25
39.80423
-75.53256
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Figure 5. Location of the source population and reintroduction sites in the Christina River and
Shellpot Creek.
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Monitoring
To determine whether or not reintroduced mussels were able to
remain in their reintroduction beds, monitoring surveys were
performed twice, 5 months (November 13th 2014) and 11
months (May 6th 2015) after deployment (Fig. 6). The mussel
surveyor uses a long antenna connected to a PIT tag reader to
scan the stream bed for tagged mussels. The antenna’s range of
detection is approximately 8 inches. This method of mussel
detection provides unique tag data that is used to determine
how many mussels remained in the reintroduction bed and how
many mussels were potentially washed out. Because this
retention survey only provides data if the mussel’s PIT tag is
pinged, data from these surveys are conservative by design. Bed
retention recorded in the field is potentially an underestimate of
true bed retention due to a variety of factors. The monitoring
survey will not record mussels that have moved away from the
reintroduction bed but are still present in the stream reach. Field
personnel perform multiple passes within each reintroduction
bed however, logistical considerations for thoroughly monitoring
multiple reaches up to 10 meters long also add to the
conservative nature of monitoring surveys.

Figure 6. Kurt Cheng using a PIT
tag reader to monitor bed
retention.

During the second monitoring survey, reintroduced mussels that were detected were removed from the
stream by hand in order to measure shell lengths using digital calipers. Mussels were placed back into
the stream by hand. Mussel shell lengths measured prior to reintroduction were compared to shell
lengths measured 11 months post reintroduction to determine whether or not mussels achieved
positive shell growth.

Water Quality Monitoring
Water quality data were recorded at each site during the monitoring survey using a YSI Pro+ sonde.
Water quality parameters included dissolved oxygen (mg/L and % saturation), water temperature (°C),
pH, and conductivity (uS/cm). The YSI sonde was calibrated prior to use for each field day.

Volunteer Mussel Training
Freshwater mussel trainings were held
throughout Delaware from 2014 through 2015
and captured audiences ranging from teenagers
through adults. PDE staff educated attendees on
the life history and ecosystem services of
freshwater mussels through a PowerPoint
presentation (Fig. 7). Attendees also learned how
to best survey for freshwater mussels in their
neighboring streams safely. Trainees were also
given the opportunity to attend a field trip
where they could search for freshwater mussels
alongside a PDE scientist who would guide them
in the field.
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Results and Discussion
Qualitative Mussel Surveys
Qualitative mussel surveys were performed in each stream and survey hours (survey duration multiplied
by number of surveyors) were proportional to stream length but limited by access and safety. Surveyors
observed live populations of freshwater mussels in two streams as well as evidence of freshwater
mussel populations in three streams. Survey efforts and observational data are presented in Table 4.
Qualitative observations and discussions are presented for each stream surveyed. Surveyors noted
presence of the invasive Asian clam, Corbicula fluminea, in a few streams. Stream specific observations
are described below.
Table 4. Qualitative survey efforts and observations; mussels shells suggest upstream mussel
populations.
Stream
Survey Hours Survey Miles Live Mussels Found Mussel Shells Found
Appoquinimink River
2.5
0.612


Blackbird Creek
1.7
0.720


Christina River
4.2
2.459


Dragon Run Creek
1.0
0.806


Duck Creek
1.7
0.245


Mill Creek
2.6
0.342


Naamans Creek
1.3
0.206


Shellpot Creek
3.4
1.675


Stoney Creek
0.76
0.254



Appoquinimink River
Surveys for freshwater mussels in the Appoquinimink River yielded no evidence of freshwater mussels.
Overall, areas surveyed were characterized by significant riparian cover and suitable substrate for
freshwater mussels (e.g. sand, silt). Some stream reaches surveyed had unstable sediment and
significant detritus in which mussels would not be able to survive. A total of six surveys yielded no
evidence for freshwater mussels which indicates although there may be suitable habitat in the
Appoquinimink River, there are likely no extant
populations of freshwater mussels.
Blackbird Creek
A small number of live elliptio mussels were found
in Blackbird Creek. The 10 specimens of elliptio
found ranged in size (Fig. 8). The observation of
multiple mussel sizes suggests successful
recruitment. Based on field observations, substrate
may be a limiting factor in the distribution of
mussels in Blackbird Creek. Elliptio mussels were
only found in sandy patches in the creek. Surveyors
noted the majority of the creek bottom was
characterized by soft mud and other shifty substrate
not optimal for freshwater mussels. Some stream
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reaches were characterized by highly organic soil. It is possible that the mussels observed were a sink
population and a source population exists further upstream.
Christina River
Survey efforts on the Christina River included one tidal location as well as nine non-tidal locations. No
evidence of freshwater mussel presence was found during any of these surveys. Asian clams were found
in the tidal reach of the Christina River. Surveys of upstream locations of the Christina River revealed
evidence of flooding, stream bed scouring and bank erosion (Fig. 9). However, some reaches had
considerable riparian cover, stable substrate, flood protection and were therefore deemed suitable
mussel habitat. These reaches with suitable mussel
habitat were selected as reintroduction sites.
Dragon Run Creek
A kayak survey on Dragon Run Creek did not yield
evidence of freshwater mussels in the reach surveyed.
However, water depth was more than 5 feet in the
stream reach surveyed and it is possible that mussels
exist at a depth where surveyors could not detect them.
During the survey, numerous schools of small fish,
turtles, and extensive aquatic vegetation such as the
yellow pond-lily (Nuphar lutea) were observed
throughout the creek.
Duck Creek
Live elliptio mussels were found during all three
qualitative surveys in Duck Creek. Mussel distribution
in Duck Creek was patchy but abundant (100+
estimated individuals) in reaches surveyed. Submerged
aquatic vegetation (SAV) was found during two surveys
and indicated healthy waters with adequate light
penetration and substrate stability. The elliptio mussels
found were similar in shell lengths and were considered
adults. A population of mussels composed of only large
adults may be indicative of reproductive failure. This
may be attributed to disturbances to a mussels’
reproductive cycle. There are multiple ways that the
reproductive cycle of a freshwater mussel can be
disrupted. One example is the failure of gravid mussels
and their fish hosts to come into contact. Surveyors
observed a few examples of anthropogenic stressors
(Fig. 10) in the Duck Creek that may prevent fish
passage or may have altered the stream substrate
conditions in certain reaches of the creek. Asian clams
were also observed in the Duck Creek.
Mill Creek
Mill Creek was surveyed both above and below Lake
Como. An additional survey was performed around the
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Figure 9. An eroded bank of Christina
River.

Figure 10. A dam (top) and a railroad
bridge (bottom) in Duck Creek.
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perimeter of Lake Como. Surveyors downstream of Lake Como took a salinity reading of 2-3 ppt using a
Refractometer and concluded no populations of freshwater mussels could exist in the stream reach.
While kayaking Lake Como, surveyors found three single valves and one double valve of the alewife
floater mussel, Anodonta implicata. This is a significant observation in that there are few current records
of alewife floater mussels in the state of Delaware. It is probable that Lake Como is home to live alewife
floaters. Along with shells of the alewife floater, there were large shells of Asian clams. Surveys of Mill
Creek, upstream of Lake Como, yielded no evidence of freshwater mussels.
Naamans Creek
No evidence of freshwater mussels was observed during the two surveys in Naamans Creek. Small
schools of fish were seen as well as a red-eared slider turtle. Overall, the creek was degraded due to
severe erosion from stormwater which resulted in unstable sediments and multiple large piles of debris
altering stream flow. A variety of anthropogenic waste was also observed including motor vehicle tires,
shopping carts, and smaller debris such as plastic bottles.
Shellpot Creek
A total of eight surveys were performed in Shellpot
Creek. No evidence of freshwater mussels was found.
Evidence of flooding was observed during surveys (Fig.
11). Similar to other streams, Shellpot Creek’s stream
conditions varied spatially. Reaches surveyed varied in
sediment stability, water level and flow, riparian cover
and flood protection in the form of large boulders and
fallen trees. Reaches with adequate substrate, water
level and flow were selected for reintroduction sites.
The in stream structures stabilized sediments and
served as flood disturbance protection for these
reintroduction sites.

Figure 11. Large woody debris observed in
Shellpot Creek.

Stoney Creek
Qualitative surveys in Stoney Creek extended to the
mouth of the creek and found evidence of the alewife
floater mussel. Multiple shells were found in the creek
(both single and double valves). These observations
suggest the presence of an extant alewife mussel
population upstream of Stoney Creek. Surveyors
characterized Stoney Creek as having a steep slope
and numerous large boulders and other hard
structures in place (Fig. 12). There was limited
substrate for mussels to burrow within.
Figure 12. Boulders observed in Stoney
Creek.
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Bed Retention
A total of 101 elliptio mussels were reintroduced into four sites within the Christina River and 75 elliptio
mussels were reintroduced into three sites within Shellpot Creek (sites are numbered in an upstream
order, e.g. site 12 is furthest upstream). After reintroduction, monitoring surveys determined the bed
retention of reintroduced mussels within the vicinity of reintroduction beds. The first monitoring survey
was performed 5 months after reintroduction and bed retention varied from 36-96% (Table 5). Bed
retention then reduced after 11 months and varied from 0-69%.
The bed retention of mussels in the Christina River after 5 months was consistently above 50% and
greatest at the most downstream site (site 5, 88%) followed by the most upstream site (site 12, 84%).
Interestingly, after 11 months, bed retention was lower for all sites except for site 8 which suggests
more bed stability in site 8 compared to other sites. Bed retention at site 12 greatly reduced (8%) after
11 months which suggests there may have been considerable effects of winter conditions further
upstream. Differences in flow, temperature and associated winter icing in Christina River may account
for differences in bed retention by site.
In Shellpot Creek, bed retention varied widely after 5 months from 36% (site 5) to 96% (site 3). Despite
relatively high bed retention in sites 2 and 3 (over 50%), the second monitoring survey determined the
majority of mussels in Shellpot Creek were not retained within reintroduction beds as only 11 of the
original 75 mussels were detected. No mussels were detected at site 2 and only 6 and 5 mussels were
detected at sites 3 and 5 respectively.
There is a declining trend of bed retention for most sites in Christina River Shellpot Creek however;
additional monitoring data would help determine whether or not bed retention will continue to drop or
stabilize over time. Overall, bed retention of reintroduced mussels was greater in Christina River than
Shellpot Creek and demonstrated potential stabile trends.

Table 5. Bed retention of reintroduced mussels is summarized by site for both monitoring surveys.
5 Months
11 Months
Number
Study Stream Site
Number
Bed
Number
Bed
Reintroduced
Recovered Retention (%) Recovered Retention (%)
Christina River
5
25
22
88
15
60
Christina River
7
25
15
60
12
48
Christina River
8
26
17
65
18
69
Christina River 12
25
21
84
2
8
Shellpot Creek
2
25
17
68
0
0
Shellpot Creek
3
25
24
96
6
24
Shellpot Creek
5
25
9
36
5
20
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Shell Growth
Reintroduced mussels (53.84 – 91.70 mm) demonstrated increases in shell length 11 months after
reintroduction which ranged between 0.75 – 0.99 mm for mussels in Christina River and 0.48 – 0.6 mm
for mussels in Shellpot Creek (Table 6). Shell length changes were similar across sites and between
streams (p>0.05, 2-way Type-III ANOVA test).The percent change in shell length for mussels in Christina
River and Shellpot Creek ranged between 1.00 – 1.37% and 0.63 – 0.76% respectively and was
statistically similar across sites and between streams (p>0.05, 2-way Type-III ANOVA test).
Positive changes in shell length observed for all sites suggest reintroduced mussels in both streams are
growing (Fig. 13). It appears that mussels in Christina River may be growing faster than mussels in
Shellpot Creek, though shell growth was similar across sites and between streams. Since freshwater
mussels grow slowly, it is expected to observe small, but positive, increases in shell length over one year.
Continued monitoring of these reintroduced mussels will further elucidate differences in shell growth
between Christina River and Shellpot Creek.

Table 6. Changes in shell length of reintroduced mussels are summarized by
site, SEM = standard error of the mean, N = sample size, NA = not applicable,
nd = no data.
Mean Shell Length SEM Shell Length
Study Stream
Site
N
Change (mm)
Change (%)
0.14
Christina River
5
0.78
+1.04
11
0.22
Christina River
7
0.98
+1.37
12
0.27
Christina River
8
0.99
+1.34
14
NA
Christina River
12
0.75
+1.00
1
nd
Shellpot Creek
2
nd
nd
nd
0.21
Shellpot Creek
3
0.48
+0.63
6
0.23
Shellpot Creek
5
0.6
+0.76
4
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Figure 13. Change in shell length (mean ±SE) of reintroduced mussels in Christina River and
Shellpot Creek. SE = standard error of the mean.
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Water Quality
Water quality data were collected at all reintroduction sites in the Christina River and the Shellpot Creek
during monitoring surveys (Table 7). Water temperatures reflect the season when monitoring was
performed. In November, study streams were less oxygenated likely due to lower productivity during fall
and lower stream flow relative to spring (May) when oxygen content of streams was markedly greater.
Measurements of conductivity and pH were within the expected range of parameters and indicate no
negative effects towards freshwater mussel fitness are expected.
Table 7. Summary of water quality data collected at each site visited during monitoring surveys.
Water
Temperature Dissolved
Dissolved
Conductivity
Site
Date
(°C)
Oxygen (mg/L) Oxygen (%)
(uS/cm)
Christina 5
13-Nov-14 9.4
7.89
68.9
135.6
Christina 7
13-Nov-14 9.4
9.68
84.6
152.3
Christina 8
13-Nov-14 9.4
9.99
87.4
151.8
Christina 12
13-Nov-14 8.6
10.64
91.3
86.3
Shellpot 2
13-Nov-14 9.1
9.5
82.6
235.1
Shellpot 3
13-Nov-14 9.2
7.82
67.9
107.8
Shellpot 5
13-Nov-14 8.5
4.62
39.4
113.6
Christina 5
06-May-15 18.8
8.14
87.6
345.6
Christina 7
06-May-15 20.4
11.43
126.7
343.3
Christina 8
06-May-15 20.0
11.39
125.4
340.1
Christina 12
06-May-15 18.6
11.26
120.5
182.4
Shellpot 2
06-May-15 18.0
9.09
96.1
597.0
Shellpot 3
06-May-15 17.7
9.83
103.3
343.8
Shellpot 5
06-May-15 16.8
9.11
93.9
390.4

pH
7.79
7.87
7.85
7.16
6.97
6.69
6.88
7.29
8.26
7.97
7.94
7.33
7.43
7.36

Volunteer Mussel Training
Over the course of the study period, 6 volunteer trainings were held. Attendance for training days
averaged around 17 attendees. PDE ultimately trained 101 volunteers (Table 8). Additionally, from
March 2014 through October 2015, data from 10 volunteer surveys were reported via PDE’s online data
portal. Each volunteer entry averaged just under 0.3 survey miles which covered approximately 2.3
stream miles in Delaware.

Table 8. Summary of Delaware mussel trainings held by PDE.
Date
Location
# Attendees
29-Jul-2014
Brandywine Creek State Park
12
13-Aug-2014
Abbotts Mill Nature Center
20
23-Sep-2014
Brandywine Creek State Park
19
25-Sep-2014
Brandywine Creek State Park
18
27-May-2015
Wilmington Montissori School
20
6-Aug-2015
Brandywine Creek State Park
12
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Next Steps
The qualitative assessment of freshwater mussel distribution in northern Delaware provided valuable
data regarding the current status of freshwater mussel populations. Streams where mussels were
observed may warrant protection from future development and other anthropogenic stressors (e.g.
increased stormwater inputs) that may negatively affect freshwater mussels. Further mussel
assessments (e.g. quantitative mussel surveys) in streams supporting extant mussel populations may be
considered to determine whether mussel populations are robust in abundance. Streams where
freshwater mussels were not observed may be considered for pilot reintroduction trials to determine
their viability to support mussel populations under current stream conditions.
The Christina River and Shellpot Creek served as study streams to determine their potential to support
freshwater mussel populations. Differences within streams were observed which will inform future
restoration efforts in stream reaches with similar characteristics (e.g. substrate type, depth, location
within watershed). Overall, reintroduced mussels in Christina River exhibited greatest bed retention and
greatest shell growth over 11 months. Future freshwater mussel restoration efforts should be targeted
to areas within the Christina River which fared best in this research (sites 5, 7, and 8).
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