
Study Sites

Introduction
As of 2012 the Delaware Estuary was losing

approximately one acre per day of coastal wetlands and
the associated ecosystem services that they provide. This
rate of wetland loss translates to the loss of
approximately 70,000 ribbed mussels per day. Ribbed
mussels are one of the functional dominant species in
eastern USA salt marshes, mediating many ecosystem
services such as; promoting marsh resilience by binding to
roots of vascular plants, stabilizing substrates, and
enhancing vegetative growth. There is growing interest in
living shorelines to protect and restore coastal marshes,
and since 2008, the Partnership for the Delaware Estuary
has implemented and sustained 14 active treatments.
Mussel colonization of living shorelines is often a desired
goal, as it promotes greater resilience and mussel-
mediated ecosystem services. However, mussel density on
older treatments is highly variable and has led to
questions regarding predation and recruitment.

The goal of this study was to compare and contrast the
relative importance of recruitment and predation as
constraints of mussel populations effectively colonizing
living shorelines.

Project Objectives
1. Quantify and compare mussel density between two

different substrates used in previous living shorelines
which have different levels of predation protection:
a) Shellbags which offer refuge from some predation
b) Coir Logs which do not provide refuge

2. Test whether:
a) Substrate position within the local tidal prism affects 

mussel recruitment
b) Predation constrains mussel density using a multi-

factor field experiment on newly deployed 
experimental treatments

Timeline
Spring 2016: Deployed new substrates for recruitment and
predation experiment

Fall 2016: Quantified mussel density on pre-existing living
shorelines and assessed recruitment on newly deployed
materials

Fall 2017: Count recruitment on materials deployed in spring
2016.
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1. Maurice River:

a) D15: installed in 2009 
and not adaptively 
managed

• One pre-existing 
living shoreline and 
one experimental 
treatment

b) Matt’s Landing: 
installed in 2010 and 
adaptively managed

• One pre-existing 
living shoreline and 
one experimental 
treatment

2. Money Island:

a) Nxt: installed in spring 
2016

• 1 experimental 
treatment

b) RF: adjacent to Nxt
living shoreline, 
installed spring 2016

• 1 experimental 
treatment 

c) Creek: installed spring 
2014

• 1 experimental 
treatment.

Application of Results

• Results of this study will help to refine 
tactics to facilitate shellfish recruitment, 
survivorship and ecosystem services in 
living shorelines.

• Continued monitoring of previously 
deployed materials and treatments will 
inform living shoreline practitioners 
regarding expected recruitment and 
survivorship trajectories that can be 
expected on living shoreline projects within 
the general vicinity.

Two pre-existing living shorelines and five new 
experimental treatment locations (adjacent to the chosen 
living shorelines) were selected in two water bodies (Fig. 1)

2. Materials Construction 

• Shellbags had to be open to predation but not allow for loss of 
shell material (Fig 4). 

• Mesh on the top surface was removed, and all bags (both open 
and closed to predation) were partially cemented with one liter 
of Portland Cement, mixed to a standard thickness to ensure 
even distribution within the shell matrix. 

• Portland Cement was chosen because of its ability to withstand 
exposure to salt water and its non-toxic hard surface. 

• One open bag and one closed bag were paired, placed end to 
end, and secured to three PVC pipes using cable ties. The pipes 
were driven into the marsh platform to ensure minimal bag 
movement and shell loss throughout the two year period (Fig. 3). 

Figure 4: Open shellbag allowing predator access.

Figure 1 Locations of pre-existing living 
shorelines and new experimental 
treatments in the Maurice River , NJ (a) 
and at Money Island, NJ (b).
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1. Treatment Design 

• Mesh oyster shellbags were 
used as the test substrate for 
Objective 2

• A treatment consisted of nine 
pairs of shellbags deployed in 
triplicate at three intertidal 
positions relative to the marsh 
edge (Figs. 2 & 3):

1. Platform: On existing marsh 
platform, 1m landward of 
edge, in Spartina alterniflora

2. Edge: On mudflat at base of 
the existing marsh edge

3. Mudflat: On mudflat 1m 
waterward of the base of 
existing marsh edge

• Each pair consisted of two 
shellbag types:

1. Open: top of mesh bag cut 
open to provide predator 
access

2. Closed: mesh left intact 

• One treatment was installed at 
each of 5 study sites (Fig. 1)

Figure 3: Photo of positions of paired shellbag types at 
three positions relative to the existing marsh edge.

Figure 2: Treatment design for newly deployed 
recruitment materials. 

• Recruitment in previously 
established living 
shorelines for Objective 1 
(Fig. 5) was assessed in 
both coir logs (Predator 
Access) and shellbags
(Predators Excluded). The 
surface area of Coir logs 
and shellbags were 
normalized for 
comparative analysis.

• Counts of ribbed mussels 
and juvenile oysters were 
taken on all surfaces of 
each bag containing newly 
deployed materials (Fig. 6)
from Objective 2. Counts 
were conducted by visual 
observation without 
removing or disturbing 
treatment materials. The 
resulting preliminary 
counts are likely to be 
conservative.

3. Data Collection

Figure 6: Ribbed mussels nestled in shell matrix of deployed 
shellbag at Nxt treatment.
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Figure 5: Pre existing living shoreline treatment (D15) where 
ribbed mussels were counted on coir logs and in shellbags in 
fall 2016.

Next Steps: 2017

• Mussel and oyster recruitment will be 
counted in the spring of 2017 on all 
treatments to assess winter survivorship.

• Results will inform future treatment 
designs. 

• Phase II: A 2x2 factorial treatment 
consisting of three substrates and three 
predator exclusion levels will be deployed 
in two existing living shorelines to test 
recruitment preferences across predation 
levels for different substrate materials (Fig. 
8).

• A final shellfish count on Phase I and II 
treatments will be conducted in fall 2017. 

Figure 8: Two by two factorial design to be implemented in phase II. 
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4. Preliminary Results 

• Comparison of Substrates in Pre-
existing Living Shorelines 
(Objective 1)

• Shellbags had significantly higher 
mussel density than coir logs at 
both locations (p<0.001; Fig.7a).

• D15 had significantly more 
mussels than Matt’s Landing 
(p<0.04; Fig. 7a).

• Experimental Test (Objective 2) 
Mussels and oysters recruited to 
substrates across all factor levels 
(Figs 7b &7c).

• Mussel and oyster recruitment on 
the RF treatments were not 
significantly different between 
predator excluded and included 
treatments or across positions 
due to high variability (Fig 7b & 
7c).

Figure 7 (right) Bar graphs of means and standard 
errors for: mussel counts on previously deployed 
shellbags (predator excluded) and coir logs (predator 
available) living shoreline materials (a) ; and mussel 
(b) and oyster (c) recruitment on newly deployed 
substrates at three positions and two predation levels 
at the RF treatment. 

7a.

7b.

7c.


