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Abstract

1. Oyster reef living shorelines have been proposed as an effective alternative to
traditional coastal defence structures (e.g., bulkheads, breakwaters), with the benefit
that they may keep pace with sea-level rise and provide co-benefits, such as habitat
provision. However, there remains uncertainty about the effectiveness of shoreline
protection provided by oyster reefs, which limits their broader application.

2. We draw evidence from studies along the east and gulf coasts of the US, where much
research and implementation of oyster reef restoration has occurred, to better define
the existing gaps in our understanding of the use of restored oyster reefs for shoreline
protection.

3. We find potential disconnects between ecological and engineering functions of reefs.
In response, we outline how engineering and ecological principles are used in the
design of oyster reef living shorelines and highlight knowledge gaps where an
integration of these disciplines will lead to their more effective application.

4. Synthesis and applications. This work highlights the necessary steps to advance the
application of oyster reef living shorelines. Importantly, future research should focus
on appropriate designs and conditions needed for these structures to effectively
protect our coasts from erosion, while supporting a sustainable oyster population,
thereby providing actionable nature-based alternatives for coastal defence to diverse

end-users.

1. Living shorelines for coastal defence

There is an emerging interest in harnessing the natural protection benefits offered by existing

or restored/created (hereafter “restored”) coastal habitats, such as dunes, biogenic reefs and

This article is protected by copyright. All rights reserved.



vegetation (Temmerman et al., 2013; Spalding, et al., 2014). These existing or restored
habitats are often presented as an alternative to the use of traditional defence structures (e.g.,
seawalls, breakwaters and groynes, Figure 1a) in response to the potentially negative socio-
economic (Hinkel, et al., 2014) and environmental (Bulleri & Chapman, 2010) effects of the
latter. For example, artificial structures replace natural shorelines with a homogeneous habitat
that supports less biodiversity (Chapman, 2003) and a greater number of non-native species
(Dafforn et al., 2012; see reviews by Bulleri & Chapman, 2010; Firth et al. 2016a). Recent
reviews have argued that existing and restored habitats can be a cost-effective shoreline
protection alternative to traditional structures under future scenarios of climate change and
coastal development (Narayan et al., 2016; Reguero et al., 2018). Nevertheless, a number of
knowledge gaps hinder the application of nature-based habitats for coastal defence (Feagin et
al., 2010; Bouma et al., 2014), paramount among these being the dearth of field data
quantifying the coastal defence value of these shoreline protection approaches, especially for
restored habitats (Morris et al., 2018).

The east and gulf coasts of the United States have pioneered the introduction of
“living shoreline” techniques using restored habitats, such as saltmarsh and oyster reefs
(Figure 1b), sometimes in combination with hard structures (e.g., rock sills, Figure 1c), for
biodiversity enhancement and erosion control in relatively low-energy estuarine settings
(Bilkovic, et al., 2017). Concurrent with these projects, has been the development of policy
directives to promote the use of these approaches (e.g., The 2008 Living Shorelines
Protection Act in Maryland). One increasingly popular approach involves the use of oyster
reefs as a component of shoreline protection. In recent decades, there have been significant
efforts to reverse the global decline of oysters (estimated at 85% functionally extinct; Beck et
al., 2011) through oyster reef restoration (La Peyre et al., 2014a; Gillies et al., 2017).

Initially, restoration focused on recovering the harvest of oysters and other fisheries
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