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Policy brief 2021

What is the problem?
Coastal ecosystems all around the world are being

degraded by urbanization and climate change. Physically
complex ecosystems like mangroves and rocky shores
are rapidly being replaced by physically simple man-
made structures like seawalls, breakwaters and rock
revetments, built to protect humans and property.
Although this type of infrastructure performs well in
terms of protecting the coastline from erosion and sea
level rise, it offers poor habitat for marine life. They
typically support reduced native biodiversity and
enhanced opportunistic and/or alien biodiversity
compared to rocky shores (comparable natural habitat).

Malaysia is one of the fastest-growing countries and
has one of the highest urban populations in Southeast
Asia (World Bank, 2019). In coastal areas, land
reclamation is an increasingly popular development
option with megaprojects including the reclamation of
entire coastlines and construction of artificial islands
(Chee et al., 2017). It is anticipated that there will be
more shoreline hardening in the future.

2021-2030 is the UN Decade of Ocean Science for
Sustainable Development (www.oceandecade.org).
There is increasing pressure to promote multifunctional
coastal infrastructure to not only protect humans and
property but to also make space for nature (Evans et al.,
2017). This is a grand challenge, but new conservation
strategies are emerging to address this problem.

Integrated greening of grey infrastructure (IGGI)
IGGI is a relatively new conservation strategy that
involves promoting biodiversity on infrastructure when
green solutions are not possible (Naylor et al., 2017).
IGGI aims to increase the physical and biological
complexity of engineered habitats to enhance
biodiversity, ecosystem functioning, and service
provision (O’Shaughnessy et al., 2020). IGGI approaches
can be applied during the construction design stage or
after development has taken place.

The majority of the IGGI examples shown in this
policy brief have been trialed in Malaysia. The aim is to
provide habitat for native organisms, promote
biodiversity and ecosystem functions (e.g., oysters
filtering and improving water quality) in addition to other
societal benefits such as being used for scientific,
educational, and recreational purposes, whilst
maintaining their primary function of protecting
developed coastlines from erosion, flooding, and sea
level rise. The trials did enhance biodiversity on artificial
structures, but it must be cautioned that these were
small scale studies and their performance at larger
spatial scales requires further testing.

Although IGGI can provide biodiversity benefits,
particularly if implemented in redevelopment projects or
in highly degraded systems, but it will never deliver all
the ecosystem functions of natural habitats. It should be
considered only as partial-compensation for
environmental damage as part of the Mitigation
Hierarchy and not as a “Trojan horse” to facilitate
development proposals (Firth et al., 2020). Conservation
of natural ecosystems should be prioritized, and greater
attention focused on avoidance and
restoration/rehabilitation stages of the Mitigation
Hierarchy.

The Mitigation Hierarchy
The Mitigation Hierarchy has emerged as a best-practice
framework for achieving sustainable development (CSBI,
2015). Practitioners seek to limit negative impacts on
biodiversity through a series of steps including avoid,
minimize, restore/rehabilitate, and compensate. The
goal is to achieve no net loss in terms of biodiversity and
increasingly, net gain.
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Case studies
(1) Drill-cored rock pools on rock revetments, Penang
Following work in the UK (Evans et al., 2016), drill-cored
rock pools created to mimic natural rock pools provided
refuge, feeding, and breeding spaces for intertidal
organisms on granite rock revetments. Drill-cored rock
pools trialled in Penang (Chee et al., 2020) promoted the
colonization of native coastal organisms including
oysters, shrimps, anemones, several species of seaweed,
crabs, snails and their eggs.

(2) Physically complex seawalls, Penang
Textured panels can promote growth of seaweed and
invertebrates which can provide refuges for marine life
from predation and environmental stress (Strain et al.,
2021). Textured panels installed were colonized by more
shrimps, crabs, and commercially-important bivalves like
green-lipped mussels and oysters, compared to
untextured panels.

(3) Concrete habitat units on seawalls, Penang
Habitat enhancement units can be cast in concrete to
increase physical complexity which can help bring back
marine life lost to construction of seawalls (Morris et al.,
2017). In Penang, precast water-retaining “flowerpots”
installed onto a marina breakwater provided resting,
feeding, and breeding spaces for octopuses, crabs, and
marine fishes including those commonly found in coral
reefs (Chee et al., unpublished).

Co-benefits of IGGI for humans
(i) Food production
Encouraging the colonization of species that are either
edible, or that provide food or habitat for economically-
important fish and seaweed.
(ii) Water quality enhancement
IGGI that encourages the colonization of filter-feeding
organisms like oysters, sponges, and corals could help
improve water quality.
(iii) Coastal protection and rehabilitation
Integrating vegetation (e.g., mangroves) or reef-building
organisms (e.g., oysters) into habitat enhancements
could enhance their capability to dampen waves, trap
sediments, mitigate floods, and prevent erosion.
(iv) Structural enhancement
Encouraging the colonization of organisms such as
barnacles and oysters can buffer structures from thermal
extremes and in some cases strengthen the structural
performance and reduce maintenance costs.
(v) Cultural services and education
IGGI approaches can provide cultural services like
recreation and educational tools.

The way forward
Now is the time to build on the strong evidence base on
experimental work. IGGI needs to be scaled up to ‘real-
world’ scales. In Malaysia, there are many opportunities
where IGGI can usefully be implemented given that
several coastal reclamation projects have been
proposed, are underway, or have been completed (Chee
et al., 2017). Long-term monitoring should
simultaneously assess the longevity of IGGI interventions
and the risks/benefits to humans and nature alike.
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Colonized textured 
tiles attached to a 
seawall in Port 
Swettenham. 

A BIOBLOCK is an 
example of a scaled-up 
IGGI. It is designed to 
provide primary 
engineering function 
(dissipate wave energy) 
whilst simultaneously 
supporting marine life. 
Source: Firth et al., 
(2014)

A drill-cored rock pool colonized by 
oysters in Straits Quay Marina.

Fishes found using the 
“flowerpots” installed at Straits 
Quay Marina.


