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Abstract
Coastal armouring and the reclamation of intertidal areas through the use of seawalls 
and other artificial structures has been practiced for thousands of years, but its recent 
expansion in China and elsewhere in Asia has been unprecedented in its rate and in-
tensity. One result has been the recent loss of nearly two-thirds of tidal flats in the 
Yellow Sea, a globally unique ecosystem of high ecological value. The severe effects 
on biodiversity of the recent large-scale coastal land claim activities in China are well 
documented, yet some recent studies have emphasized the ecological opportunities 
provided by such artificial coastal infrastructure in China, in some cases suggesting 
that the ecological impacts of coastal infrastructure should be reconsidered due to 
benefits to some rocky shore species in a changing climate. This is cause for concern 
because, while studying the “new ecology” arising from coastal modification is useful, 
broad conclusions around the ecological role or conservation gains from seawall con-
struction without adequate contextualization underplays the ecological consequences 
of large-scale coastal land claim, and could potentially undermine efforts to achieve 
biodiversity conservation. Here, we clarify the characteristics of seawall construction 
in China and summarize the environmental damage and some broadscale impacts 
caused by this type of infrastructure expansion on the endangered Yellow Sea tidal 
flats ecosystem. We also highlight the urgent need for all coastal development plans 
to consider how coastal wetlands and ecosystem functionality can be maximally re-
tained within the development precinct.

K E Y W O R D S

artificial infrastructure, ecosystem function, mudflat, reclamation, wetland

1  | INTRODUCTION

For thousands of years, coastal armouring and conversion of inter-
tidal areas to other land use types, through the use of seawalls and 
other artificial structures, have been used to facilitate the expansion 
of human activities along coastlines (e.g., Dugan, Airoldi, Chapman, 
Walker, & Schlacher, 2011; Han, 2002; Lotze et al., 2005). These 
processes create new arable land, prevent shoreline retreat through 
erosion, and defend human coastal activities and property from wave 
action and storm damage. The physical impacts of such infrastructure 
on the coastal environment and associated mitigation methods have 

been extensively studied and reviewed, but the ecological impacts, es-
pecially on the surrounding marine environment, remain incompletely 
understood (Dugan et al., 2011; Gittman, Scyphers, Smith, Neylan, & 
Grabowski, 2016; Perkins, Ng, Dudgeon, Bonebrake, & Leung, 2015). 
China is a global epicentre of coastal development and land claims, 
with more than half of its coastline comprising seawalls that have en-
closed and converted vast areas of intertidal flats and shallow sea into 
new terrestrial-dominated land uses (Luo et al., 2015).

The ecological consequences of such broadscale seawall construc-
tion have resulted in some contrasting narratives about biodiversity 
that need to be clarified. Ma, Melville, et al. (2014) raised concerns 

www.wileyonlinelibrary.com/journal/ddi
http://orcid.org/0000-0001-9829-7460
http://orcid.org/0000-0002-5150-2962
http://orcid.org/0000-0002-4008-3053
http://orcid.org/0000-0002-1359-5133
http://orcid.org/0000-0001-9468-9678
mailto:choimo@yahoo.com


2  |     CHOI et al.

about the large-scale loss of coastal wetlands and associated biodiver-
sity and ecosystem services resulting from coastal land claim in China, 
which has been largely engineered through seawalls. In a rebuttal to 
this article, Huang, Wang, and Dong (2015) argued that “biodiversity 
on the new Great Wall is showing a tendency to increase,” via settle-
ment of rocky intertidal species. Furthermore, Dong, Huang, Wang, 
Li, and Wang (2016) showed empirically that seawalls in the Jiangsu 
coast of China provide habitat for 20 rocky shore species, allowing for 
greater dispersal of some marine invertebrates across former phylo-
geographic barriers. Consequently, Dong et al. (2016) concluded that 
“the biogeography of rocky shore species and other ecological impacts 
of this infrastructure [concrete seawalls, riprap] along global coastlines 
should be reconsidered under the coupled impacts of climate change 
and human activities.” This call for a general reconsideration of the 
ecological impacts of seawalls is cause for concern because it inap-
propriately conveys that coastal land claim may increase biodiversity, 
perhaps even counterbalancing the negative impacts.

While we do not dispute the empirical findings supporting Huang 
et al. (2015) and Dong et al.’s (2016) claims, we do challenge any sug-
gestion that there is a positive effect of the newly constructed sea-
walls and associated developments on “biodiversity” in the coastal 
tidal flats ecosystem (Dong et al., 2016; Huang et al., 2015). Local 
increases in some organisms on the seawalls themselves must be set 
against the full range of deleterious effects on biodiversity at a larger 
spatial scale. To do otherwise risks the emergence of a narrative that 
aims to legitimize continued destruction of coastal ecosystems, includ-
ing the globally important Yellow Sea tidal flats ecosystem (Murray, 
Ma, & Fuller, 2015). Considering their study area in the Jiangsu coast 
and the wider Yellow Sea tidal flats ecosystem (Figure 1), here we sur-
vey the biodiversity impacts of seawall construction in China, and the 
attendant risks to the endangered Yellow Sea tidal flats ecosystem.

2  | CONTEXTUALIZING SEAWALL  
CONSTRUCTION

Globally, engineered coastal defence structures are increasingly being 
used to combat wave damage and sea-level rise, and to create new 
land for built infrastructure and agriculture. No global estimate is 
yet available, but in China, 58%–61% of the coastline is now lined 
by seawall (Guan & A, 2013; Luo et al., 2015). In the USA, only 14% 
of the coastline is hardened but that equates to twice the absolute 
length of seawalls found in China (11,560 km in China, 22,842 km in 
USA; Gittman et al., 2015; Luo et al., 2015). Most of the seawalls in 
the USA and Europe are intended to protect the existing shoreline 
(Charlier, Marie Claire, & Selim, 2005; Dugan et al., 2011; Moschella 
et al., 2005). However, in China, where the rate of seaward expansion 
of seawalls has doubled in the last decade (Zhang et al., 2013), the 
primary purpose has been for coastal land claim activities that convert 
natural intertidal wetlands to new land for development (Figure 2; 
Han, 2002; Ma, Melville, et al., 2014). This difference in purpose is 
reflected by the significantly lower rate of coastal wetland reduction 
in Europe and North America (deltaic plains: 1.5 ± 1.2% loss per year, 

n = 5) compared to Asia (deltaic plains: 11.5 ± 12.1% loss per year, 
n = 5) between the mid-1980s and early 2000s (Coleman, Huh, & 
Braud, 2008; Davidson, 2014; Lotze et al., 2006; Meng et al., 2017).

The Jiangsu coast holds some of the largest intertidal flats in China 
(Koh & de Jonge, 2014; Wang, Zhu, & Wu, 2002), but an enormous 
amount of tidal flat conversion has occurred over the last several de-
cades. Along the central Jiangsu coast, 43% of tidal flat conversion be-
tween 1977 and 2015 was for aquaculture (Cai, van Vliet, Verburg, & 
Pu, 2017). Further north in Laizhou Bay in Shandong, most of the east-
ern coast of the bay has been converted to aquaculture ponds and res-
idential land since the 1990s (Wang et al., 2016). A further 28% of the 
remaining ~5,017 km2 of tidal flat in Jiangsu was proposed for conver-
sion between 2010 and 2020 (Jiangsu Provincial People’s Government 
Office, 2010), although the actual amount to be reclaimed by 2020 
remains uncertain. The increasing scale and rate of transformation of 
natural tidal wetlands into aquaculture ponds and other development 
has led to the dominance of relatively “young” seawalls along the China 
coastline (Figure 1). For example, mean seawall age in the study by 
Dong et al. (2016) was only 8.4 ± 8.5 years. Some “young” seawalls are 
constructed illegally (Melville, Chen, & Ma, 2016) and can result in the 
seawall crumbling during storms and wave surges (Fig. S1; Han, 2002). 
Such a rapid turnover and seaward expansion of seawalls primarily 
built to create new land at a large scale in China contrasts with seawalls 
in Europe and America constructed primarily as static defences for ex-
isting coastlines (Asselen, Verburg, Vermaat, & Janse, 2013).

F IGURE  1 Low-tide satellite image taken on 3 August 2015, 
showing the rapid advance of the seawall at Chongming Dongtan, 
Shanghai. This conversion of natural tidal wetlands into aquaculture 
ponds and arable lands is occurring at an alarming rate in coastal 
China and South-East Asia (Image courtesy of the U.S. Geological 
Survey). The inset shows the location of Chongming Dongtan and 
Jiangsu coast (shaded in cyan) within the Yellow Sea.
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Given this large-scale change in the coastal landscape, it is import-
ant to consider local projects within this wider context. A number of 
studies on the impacts of coastal structures on community assemblage 
focus on communities associated with the surface of the structures 
themselves, by comparing biodiversity on coastal infrastructures with 
analogous rocky shores (Dong et al., 2016; Firth et al., 2013; Moschella 
et al., 2005). However, the effects of coastal infrastructure at a large 
scale are much broader than its effects on surface assemblages. Coastal 
infrastructure often causes ecosystem-level changes in the areas sur-
rounding the infrastructure that have cascading biological effects. Thus, 
it is important to investigate the impact of seawall infrastructure be-
yond the spatial footprint of the infrastructure itself by including sur-
rounding habitats and comparing the ecological parameters between 
the modified and original natural ecosystem (Dugan, Hubbard, Rodil, 
Revell, & Schroeter, 2008; Dugan et al., 2011; Perkins et al., 2015).

3  | THE ENDANGERED YELLOW SEA TIDAL 
FLATS ECOSYSTEM

The Yellow Sea coastal and shallow sea region in East Asia fringes 
more than 7,000 km of the coastlines of China, North Korea and 
South Korea (Luo et al., 2015; Murray et al., 2015). This ecosystem 
supports at least 3,461 species, including 1,069 benthic species, 339 
fish species and 150 waterbird species, with many of the 464 Yellow 
Sea endemic species occurring only in the tidal flats ecosystem (China 

Coastal Waterbird Census Group, 2015; UNDP/GEF, 2007). The re-
gion includes some of the largest and widest tidal flats in the world, 
stretching up to 36 km offshore with a total tidal flat area of about 
18,340 km2 (based on data from the 1990s), almost four times the 
size of tidal flats in the Wadden Sea (Koh & de Jonge, 2014; Wang 
et al., 2002; Yang, Wang, & Zhu, 1997). The Yellow Sea tidal flat eco-
system is biologically productive, and important for a wide range of 
biota. The supra-littoral, upper and some middle intertidal zones are 
often occupied by saltmarsh plants, which support diverse saltmarsh 
birds. The remaining area in the middle and most of the lower inter-
tidal zones is predominantly unvegetated (Greenberg et al., 2014; Ma 
& Ma, 2006; Wang et al., 2002), but full of high densities of benthic 
invertebrates living in the mud (Table S1). This tidal flat ecosystem 
provides important ecosystem services worth an estimated US$30 bil-
lion per year (MacKinnon, Verkuil, & Murray, 2012). These ecosystem 
services include storm protection, water purification and food produc-
tion, in a region that hosts more than 60 million people in the low el-
evation coastal zone (<10 m above sea level, Murray, Clemens, Phinn, 
Possingham, & Fuller, 2014).

The influx of two million migratory shorebirds during their an-
nual migration between arctic/subarctic breeding grounds and Asia/
Oceania non-breeding areas is a key feature of the Yellow Sea tidal 
flats ecosystem (Barter, 2002). At least 38 migratory shorebird species 
occur in the Yellow Sea region in internationally important numbers 
(over 1% of the flyway population; Barter, 2002; Bai et al., 2015) and 
rely on the productive tidal flats to rest and refuel not only for the 
next flight, but also for breeding (Choi et al., 2009; Hua, Piersma, & 
Ma, 2013; Morrison & Hobson, 2004). For six of these species, almost 
the entire breeding population refuels by feeding on benthic inverte-
brates in the Yellow Sea tidal flats during migration stopovers (Barter, 
2002; Choi et al., 2017). Four migratory shorebird species that depend 
heavily on the Yellow Sea’s tidal flats are currently considered globally 
threatened (one critically endangered, three endangered) and 10 oth-
ers are near threatened (IUCN, 2017).

The tidal flats in the Jiangsu coast, where Dong et al. (2016) con-
ducted most of their study, comprise more than one-third of the re-
maining tidal flats in the Yellow Sea region and form a critical part of 
the Yellow Sea tidal flat ecosystem (Koh & de Jonge, 2014). This sec-
tion of tidal flats supports at least 140 benthic species, 105 waterbird 
species, and 132 fish, shrimp, crab and cephalopoda species (China 
Coastal Waterbird Census Group, 2015; Liu, 2014).

Almost two-thirds (~65%) of the Yellow Sea tidal flat area has been 
lost over the last five decades (Murray et al., 2014), mainly due to the 
seawalls associated with land claim activities primarily for aquaculture 
and salt ponds, and also agriculture, urbanization and industrial ac-
tivities (Cai et al., 2017; Suo, Lin, & Zhang, 2016; Wang et al., 2016). 
Seawalls introduce a new habitat type (hard substrate) into a predom-
inantly soft-sediment system, and unsurprisingly this facilitates the 
dispersal of some rocky intertidal species (Dong et al., 2016). Yet a 
much bigger effect of the land claim process is the substantial changes 
to tidal flows resulting in loss of saltmarsh and tidal flats (Chen et al., 
2016; Choi, 2014; Han, 2002; The State Oceanic Administration of 
China, 2003), with flow-on effects to the waterbirds, songbirds, fishes, 

F IGURE  2 An aerial view of the current seawall at Tiaozini of 
southern Jiangsu Province (upper panel) and Chongming Dongtan 
(lower panel) of Shanghai, China. The seawall breaks the bare (upper 
panel) or vegetated (lower panel) upper tidal flat away from the 
natural intertidal wetlands (left of the seawall) and converts the 
natural tidal flats into aquaculture ponds and arable land (right of the 
seawall) (Photographs provided by Chia-Yang Tsai and Shunqi Bo)
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insects, nematodes and benthic organisms associated with the system 
(Greenberg et al., 2014; Koh & Khim, 2014; Lotze et al., 2005; Ma & 
Ma, 2006; Wu, Fu, Lu, & Chen, 2005). The altered and disturbed tidal 
flat system may also promote the spread of non-native species (Ma, 
Gan, Choi, & Li, 2014). Further, the area of intertidal habitat lost due to 
seawall construction is far greater than the area of new habitat created. 
For example, in Saemanguem, South Korea, a 33-km-long sea wall was 
constructed which destroyed 400 km2 of intertidal habitat and the 
diverse assemblages of plants and animals supported by the system 
(Moores, Rogers, Rogers, & Hansbro, 2016). If we assume the seawall 
was on average 32.5 m wide (Beemsterboer, Christophe, Scheepjens, 
Veldman, & van Wielen, 2012), the area of new hard-substrate habitat 
created by the seawall would be just around 1 km2 or an area 0.3% the 
size of the lost intertidal habitat.

4  | ECOLOGICAL CONSEQUENCES OF  
TIDAL FLAT LOSS AND SEAWALL  
CONSTRUCTION

Seawall construction has led to the loss of at least 10,520 km2 of 
tidal flat and shallow sea in the Yellow Sea since the 1960s (Koh & 
Khim, 2014; Lee, Kim, & Lee, 2005; Piersma et al., 2016). Assuming 
a mean density of 623–820 benthic organisms per m2 of sediment 
(Table S1), this would have resulted in the loss of 6.6–8.6 trillion 
(1012) individuals, or 115,720–189,360 tonnes (ash-free dry mass) of 
sediment-specialist organisms. This estimate refers only to standing 
stock and would be higher if the annual productivity of both natural 
and cultivated benthic organisms was considered (e.g., 1,000 km2 in-
tertidal flat could potentially yield 8,800 tonnes of cultivated Venus 
clams (Family: Veneridae) annually; Koh & Khim, 2014). Changes in 
the abundance of common species have profound ecosystem conse-
quences (Gaston & Fuller, 2008), and the reduction in biomass and 
other ecosystem services caused by land claim projects in China could 
cost up to US$ 177 billion per year (Chen & Zhang, 2000). In addition, 
loss of Yellow Sea tidal flat habitat is the most likely explanation for 
the drastic declines of migratory shorebird populations within the East 
Asian–Australasian Flyway, which are most pronounced for species 
using the Yellow Sea as a refuelling site (Amano, Szekely, Koyama, 
Amano, & Sutherland, 2010; Murray et al., 2017; Piersma et al., 2016, 
2017; Studds et al., 2017). This ecosystem has been classified as 
Endangered, using International Union for Conservation of Nature 
Red List of Ecosystems criteria due to widespread loss of habitat, 
pollution, algal and jellyfish blooms, hypoxic dead zones, and docu-
mented declines in fauna (Murray et al., 2015).

Constructing artificial structures in the intertidal zone has complex 
ecological consequences that may compound the ecosystem-scale im-
pacts of tidal flat loss. Effects at the community level require scrutiny 
beyond simplistic measures of biodiversity, such as species richness. 
Seawalls and other artificial structures are often colonized by intro-
duced species and may change the distribution of locally abundant 
species (Bacchiocchi & Airoldi, 2003; Bulleri & Chapman, 2010) as 
occurred in the Wadden Sea, where species richness did not change 

significantly following loss of transitional saltmarsh habitat because 
the loss of native species was balanced by the gain of introduced spe-
cies (Lotze et al., 2005). But the abundance of threatened species de-
clined severely and species composition shifted markedly with “large, 
long-lived, slow-growing and specialist species” (e.g., mammals and 
birds) being depleted, while “small, short-lived, fast-growing and gen-
eralist species” (e.g., polychaetes, green algae) increased or colonized 
(Lotze et al., 2005). This example highlights that sole use of species 
richness is not an appropriate measure of biodiversity within this 
context as it can mask other measures more important for appraising 
ecosystem state, such as functional or phylogenetic diversity (Cadotte, 
Carscadden, & Mirotchnick, 2011).

5  | RESTORATION AND MITIGATIONS

None of the preceding discussion negates the need to design anthro-
pogenic infrastructure that is sensitive to the needs of biodiversity, 
but it is important that environmental harm is minimized in the pro-
cess. Further, carefully designed anthropogenic infrastructure can 
play an important part in avoiding further loss of biodiversity and 
ecosystem function while re-establishing the components of assem-
blages that have been lost, rather than attracting non-native species 
(Chapman & Underwood, 2011; Murcia et al., 2014).

Intertidal habitat restoration could help mitigate ongoing biodiver-
sity losses. This approach is challenging in China due to the potential 
market value of land adjacent to the coast and the importance of these 
areas for national food security. However, the aquaculture and salt 
ponds that dominate large parts of the coastal landscape are physically 
similar to natural tidal flats, potentially making intertidal flat restoration 
easier than on other more developed land. In areas where dismantling 
and realigning the seawall is feasible (Dugan et al., 2011), attempts 
could be made to reintroduce appropriate vegetation, aquaculture and 
fisheries in these newly established intertidal areas (Primavera, 2005). 
In areas where restoration is less feasible, such as on reclaimed areas 
that have been pushed towards the low-tide mark, vegetation plantings 
or a mix of hard engineering and plantings (Gittman, Peterson, et al., 
2016) may be deployed. This approach has become increasingly pop-
ular in China (Luo et al., 2015) and, although less ideal, may still pres-
ent useful opportunities for increasing ecosystem functionality, such 
as provision of nursery habitat by marshes, in already-reclaimed areas.

Even when well resourced, some conservation efforts have failed to 
restore former coastal ecosystem structure and function (Lotze et al., 
2006) and thus, any decisions to convert coastal wetlands to other 
uses should consider the possibility that restoration may be difficult 
or impossible. Further, in the future baseline ecological data should be 
collected more regularly at proposed land claim areas to allow proper 
evaluation of mitigations, as it is not always clear what has been lost 
following reclamation. It is also important to note that mitigations sel-
dom provide ecological benefits equivalent to natural ones and there-
fore cannot and should not be used to justify further destruction of 
intertidal flats (Ma et al., 2004; Perkins et al., 2015). A comprehensive 
interdisciplinary spatial planning exercise identifying the best solutions 
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in various sites based on the socio-economic and biodiversity costs, 
benefits and likelihood to succeed could be useful to assist decision-
makers in taking the best actions to benefit both people and nature in 
the Yellow Sea and the rest of Chinese coastal tidal flat ecosystems.

There have been encouraging signs that coastal wetland conserva-
tion is increasingly a priority in China. Recently, 14 tidal flats in the Bohai 
Sea and Yellow Sea coast were placed on the tentative list of World 
Heritage sites, eight of which are currently unprotected (UNESCO, 
2017). Nonetheless, further land claim activities or seawall repairing and 
strengthening in the Chinese Yellow Sea seem inevitable, with significant 
further seawall construction already scheduled and approved (at least 
3,387 km2 of the Chinese Yellow Sea tidal flats is proposed to be con-
verted between 2005 and 2020; Wang, Liu, Li, & Su, 2014). Therefore, 
there will be an increasing need to protect disappearing tidal flat ecosys-
tems, to restore lost habitats and to mitigate irreversible losses.

6  | FINAL REMARKS

The role of science in biodiversity conservation is entrenched in politi-
cal processes which are driven by human values; hence, science can 
be used not only to inform conservation policy but also to legitimize 
political decisions that drive biodiversity loss (Innerarity, 2013). In this 
context, scientific studies can inadvertently advance agendas that 
compete with biodiversity conservation goals, through the construc-
tion of social meaning that creates political leverage (Neff & Hueter, 
2013). In the case of the Yellow Sea region, we fear that accepting 
and promoting seawalls and associated fauna as a novel ecosystem 
(degraded environments that represent a “new normal” for that eco-
system; Zhang, Dearing, Tong, & Hughes, 2016) could lead to just 
such outcomes and contribute to acceptance of further intertidal land 
claim projects. We do not contest the need to study novel ecosys-
tems emerging with the widespread modification of the Yellow Sea 
coastline, they are fascinating and important. However, we caution 
against an uncritical narrative focused on these localized ecosystems, 
as efforts to achieve effective biodiversity conservation could be 
hampered when local increases in a few species are not discussed in 
the context of the collapse of an entire ecosystem.
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