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OBJECTIVES

Objective 1: Develop a shovel-ready living shoreline restoration plan and 
monitoring protocols.

Deliverable 1. Literature review of design applications and effectiveness

-emphasis on design features that optimize oyster restoration and ecosystem benefits over the 
long term, which most reviews have not distinguished from short-term effects

Deliverable 2. Description of chosen site and rationale for methodology based on 
physical characteristics of site

-use structures that have been proven to succeed in marsh/shoreline protection under high-
energy conditions

-use structures that have been proven to succeed in oyster restoration and placed in locations 
benefitting York River oyster restoration

-involve public landowners

-include elements that enhance the ecosystem, especially those addressing CBP outcomes for 
blue crab, fish habitat, oyster, wetlands (i.e., salt marshes), and climate resiliency

-be transferable to other York River sites and in the Bay

-serve as a demonstration project visible to the general public

-(i) site analysis, (ii) pre-construction monitoring, (iii) permit approval and legal compliance
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LOCATION: PENNIMAN SPIT, YORK RIVER

York River

Penniman Spit

Figure 1.  Shore change at Penniman Spit on the York River (Milligan et al., 
2010; Milligan et al., 2018).



ECOLOGICAL CHANGES: PENNIMAN SPIT, YORK RIVER

Figure 1.  Shore change at Penniman Spit on the York River (Milligan et al., 
2010; Milligan et al., 2018).

 Salt marsh/shoreline erosion 
under high wave energy 
conditions and sea level rise

 Loss of protection for lower 
energy, productive ecotone--
inner cove and creek systems

 Loss of nursery habitat for blue 
crab, white shrimp, and finfish

 Loss of trophic subsidies from 
marsh, cove and creek 
residents (e.g. clams, 
mummichogs, silversides, crabs, 
shrimp) to higher trophic levels

 Loss of oyster reefs and habitat 
important for ecosystem and 
tourism
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STRUCTURES EFFECTIVE FOR SHORELINE PROTECTION

Figure 2. Draft oyster reef sill system for Penniman Spit.



STRUCTURES EFFECTIVE IN OYSTER RESTORATION

Figure 3. Oysters colonizing appropriately-sized granite on 
the sill below Mean High Water.
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STRUCTURES BENEFITTING OYSTER RESTORATION IN YORK RIVER
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PARTNERSHIPS/FUNDING
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ENHANCE ECOSYSTEM AND CLIMATE RESILIENCY; 
DEMONSTRATION PROJECT

Figure 7. Draft schematic of a living shoreline applicable to Penniman Spit and various 
locations throughout the York River and Chesapeake Bay. The right side of the sill faces the 
river, and the rocks will be rearranged such that there is a slowly grading slope to provide 
shallow-water habitat for juvenile fish and crabs, as indicated by the additional (blue) rock 
substrate near present Mean Low Water (MLW).

shallow 
lagoon
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BACI DESIGN; PRE-CONSTRUCTION MONITORING



BACI DESIGN; PRE-CONSTRUCTION MONITORING



BACI DESIGN; PRE-CONSTRUCTION MONITORING OF AN ECOTONE



MOVING FORWARD

 Implementation
 Monitoring

 Adaptive management
 Funding

 Public support
 Federal support
 State support
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