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Season
RM CR

(L/hr/g DTW)

OY CR
(L/hr/g DTW)

TSS
(mg/L)

pN
(mg/L)

RM TSS 
Filtration

(mg/ hr/ g DTW)

OY TSS 
Filtration

(mg/hr/g DTW)

RM pN
Filtration

(mg/ hr/ g DTW)

OY pN
Filtration

(mg/hr/g DTW)

Spring 0.423 0.309 40.95 0.44 17.33 12.65 0.186 0.136

Summer 0.610 0.445 29.21 0.27 17.80 13.00 0.165 0.120

Fall 0.423 0.309 37.90 0.15 16.04 11.71 0.063 0.046

Winter 0.045 0.033 33.73 0.25 1.51 1.10 0.011 0.008

Year
Shoreline 
Treatment 

(m)

Oysters 
Recruited / m 

Shoreline

Ribbed Mussels 
Recruited / m 

Shoreline

TSS (kg) 
Removed / m 

Shoreline

pN (g) 
Removed / m 

Shoreline

2014 200 12.10 0.07 0.0006

2015 200 37.55 0.14 0.0013

2016 200 122.70 7.165 2.08 0.0167

METHODS AND CALCULATIONS

RESULTS: BIOMASS AND WATER PROCESSING

RESULTS: WATER QUALITY BENEFITS

CONCLUSIONS

Quantify shellfish population density (annual counts during fall, 2014-2016) on 
all new structures

Measure shell heights within population subsamples on each structure (annually 
2014-2016) and extrapolate demographics to all new structures. Demographic 
data consisted of 10mm size classes (Fig. 3)

Estimate dry tissue biomass of each species and size classes using 
previously derived regression equations of oyster and ribbed mussel dry 
tissue weight (DTW) predicted by shell heights1,2

Calculate water clearance rates (CR: L/hr /g DTW) of shellfish using CR:DTW 
relationships, per size class (from previous physiological studies) 1,2

Extrapolate CR across population using the assessed densities per species 
and size class

Account for differences in inundation times across structures to determine the 
feeding time available at different intertidal positions

Calculate population-level filtration of Total Suspended Solids (TSS) and 
particulate nitrogen (pN) by ribbed mussels and oysters by relating CR findings to 
seston data from nearby monitoring projects3

Calculate seston and nutrient filtration rates by shellfish populations (FR: 
mg/hr/g DTW) using CR, TSS, and inundation data

Total of 24,540 oysters and 1,433 ribbed mussels recruited onto new living 
shoreline substrates by fall 2016

Increase in larger size classes in 2016 suggested survivorship from previous years, 
and dramatic growth in population biomass (Fig. 3)

Seston filtration rates were comparable among spring, summer, and fall, but lower 
in winter, reflecting the seasonal interplay between clearance rates and seston
abundance (Table 1)

Current studies forecast a continued loss of coastal wetlands in the Delaware 
Estuary and the valuable ecosystem services they provide. Living shorelines aim to 
stem these losses through the creation/ retention of healthy, resilient habitat along 
the land-water interface. Previous PDE living shoreline efforts have focused on 
habitat for native shellfish populations in the mid to upper-intertidal zone, 
specifically the ribbed mussel (Geukensia demissa). Few local designs have 
incorporated species (e.g. Crassostrea virginica) that dominate subtidal and low 
intertidal areas.

In spring 2014, a hybrid, intertidal living shoreline was constructed at the mouth of 
Mispillion River Milford, DE, (Fig. 1) where a pre-existing intertidal oyster reef 
existed in one section of the shoreline. Coir log treatments and  shellbag/oyster 
castle breakwaters were placed to facilitate expansion of the footprint of the natural 
oyster reef (Fig. 2). The main goal of this design was to promote shellfish-mediated, 
water quality enhancement by increasing the overall filtration capacity of the oyster 
and mussel community.

To test if this goal was met, monitoring focused on:
1. Changes in shellfish density and sizes on new structures
2. Changes in filtration capacity of the shellfish population by integrating in situ 

shellfish population demographics and previously determined physiological 
rate functions

Figure 1: Study area and treatment placement at the DuPont Nature Center, Milford, DE.

Figure 2: Oyster castle and shellbag breakwaters constructed on the intertidal flat

Figures 5 a & b: Oyster (a) and ribbed mussel (b) attachment to oyster castle 
breakwaters.  

Table 1: Seasonal (2016) filtration rates of TSS and pN by ribbed mussels (RM) and oysters (OY), 
derived from clearance rate and seston data. pN estimated from isotopic C:N ratios derived from 
protein measurements.

Table 2: Shellfish recruitment and particulate removal per linear meter of shoreline 
treated per year, assessed at the fall 2016 survey.
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SITE AND BREAKWATER POSITIONING

Figure 3: Estimated oyster biomass (g DTW) per 10mm size classes of the total population on 
living shoreline substrates over time

INTRODUCTION AND OBJECTIVES
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Construction of new shellfish recruitment habitats expanded oyster and ribbed 
mussel population densities and biomass at the site (Fig. 5a & b)

Population-level filtration capacity increased geometrically in proportion to 
oyster shell sizes due to non-linear biomass gains and high overall survival 
between 2015-2016 (Fig. 6)

By fall 2016, the new shellfish on each meter of treated shoreline were 
estimated to filter more than 2 kg of TSS and 16 g of particulate N (Table 2)

Shellfish populations (oysters and ribbed mussels) successfully colonized the new 
living shoreline substrates over the 3-year monitoring period.

By fall 2016, the annual rate of TSS/pN removal by new shellfish had already 
exceeded 400 kg of TSS and 3 kg of particulate N.

This estimated filtration capacity of shellfish is conservative because recruitment 
counts were nondestructive, missing perhaps half of recruits.

Continued shellfish growth, coverage, and biomass on the structures is expected, 
and hence shellfish-mediated ecosystem services should continue to increase 
with population expansion at the project site.

Continued monitoring will aid in determining and planning for maximum shellfish 
density within intertidal shoreline restoration projects to optimize water quality 
benefits.
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