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a b s t r a c ta r t i c l e i n f o

Available online 16 February 2017 Extensive development and construction in marine and coastal systems is driving a phenomenon known as
“ocean sprawl”. Ocean sprawl removes or transformsmarine habitats through the addition of artificial structures
and some of the most significant impacts are occurring in sedimentary environments. Marine sediments have
substantial social, ecological, and economic value, as they are rich in biodiversity, crucial to fisheries productivity,
and major sites of nutrient transformation. Yet the impact of ocean sprawl on sedimentary environments has
largely been ignored. Here we review current knowledge of the impacts to sedimentary ecosystems arising
from artificial structures.
Artificial structures alter the composition and abundance of a wide variety of sediment-dependent taxa, includ-
ingmicrobes, invertebrates, and benthic-feedingfishes. The effects vary by structure design and configuration, as
well as the physical, chemical, and biological characteristics of the environment in which structures are placed.
The mechanisms driving effects from artificial structures include placement loss, habitat degradation, modifica-
tion of sound and light conditions, hydrodynamic changes, organic enrichment and material fluxes, contamina-
tion, and altered biotic interactions. Most studies have inferred mechanism based on descriptive work,
comparing biological and physical processes at various distances from structures. Further experimental studies
are needed to identify the relative importance of multiple mechanisms and to demonstrate causal relationships.
Additionally, past studies have focused on impacts at a relatively small scale, and independently of other devel-
opment that is occurring. There is need to quantify large-scale and cumulative effects on sedimentary ecosystems
as artificial structures proliferate. We highlight the importance for comprehensive monitoring using robust sur-
vey designs and outline research strategies needed to understand, value, and protectmarine sedimentary ecosys-
tems in the face of a rapidly changing environment.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

The intensifying development of urban foreshores, coastlines, and
offshore areas is driving a phenomenon commonly referred to as
“ocean sprawl” (Duarte et al., 2012). Artificial structures are added to
estuarine, coastal, and marine systems to protect shorelines from ero-
sion (Dugan et al., 2011; Nordstrom, 2014), and to support marine
aquaculture (Giles, 2008; McKindsey et al., 2011; Simenstad and
Fresh, 1995), renewable energy generation (Bailey et al., 2014; Gill,
2005; Langhamer, 2010; Miller et al., 2013; Petersen and Malm, 2006),

natural resource extraction (Kingston, 1992; Peterson et al., 1996;
Wilson and Heath, 2001), and recreational and commercial activities
(Connell and Glasby, 1999; Connell, 2000). Artificial structures there-
fore take a variety of forms (Fig. 1), varying in size, from small objects
such as ‘crab-tiles’ (Sheehan et al., 2008) to large, artificial islands
(Cavalcante et al., 2011). Collectively, these structures are causing ex-
tensive modification of marine and coastal ecosystems and the impor-
tant ecosystem services they support (Bulleri and Chapman, 2010;
Dugan et al., 2011). While these structures are added to both hard and
soft bottom habitats (Bulleri, 2005), most research has focused on the

Fig. 1. Examples of artificial structures in sedimentary environments. From left to right: groyne a, pier a, revetment a, dumped appliance (toilet) b, tire reef b, and overwater causeway b.
Photo credit: a E. Strain, b E.C. Heery.
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