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Overview 
 
Rocky shores are habitats where substantive ecological 
theory has developed but where topographic complexity 
has only been recently studied in earnest by ecologists. 
Limited attention has been placed on material properties 
of different rocks (e.g. geodiversity) and whether and 
how this controls ecological processes on rocky shores. 
There is thus a need to understand the interplay 
between aspects of geodiversity (e.g. material properties 
and topographic complexity) and ecological response. 
Manipulative experiments are an effective tool to test 
this and this insight can be used to advance ecological 
theory and conceptual understanding of biogeomorphic 
feedbacks in natural rocky shores. It is also highly useful 
for the design of hard coastal engineering structure that 
better mimic natural rocky shores. 
 
The combination of increasing storminess, sea levels and 
urbanisation of coastal societies will necessitate more 
infrastructure, such as higher seawalls and increased 
shoreline developments in coastal settings. UK 
government strategies state that infrastructure needs to 
be sustainable, resilient and designed to work with 
nature. Urban ecosystems, including coastal hard 
infrastructure, have a significantly lower biodiversity than 
equivalent natural habitats [1,2]. A growing body of 
ecological and geomorphological research is showing 
that hard infrastructure can be inexpensively designed to 
encourage and sustain a greater biodiversity [3,4]. Such 
structures must withstand harsh environmental 
conditions (e.g. storm waves, large temperature changes, 
and deteriorative salts) and require expensive, ongoing 

maintenance. The risk of material degradation is 
predicted to increase substantially in a changing 
climate[5]. Existing methods for improving the durability 
of concrete rapidly lose effectiveness in the intertidal 
zone. At the same time, there is a growing requirement 
for infrastructure to be ‘greener’ and more multi-
functional including providing ecosystem services. This 
project will test whether biology can be used to improve 
both the durability of infrastructure and the ecological 
outcomes in using concrete for infrastructure, and to 
examine how ‘biocoatings’ compare to conventional 
engineering methods. 
 

 
Figure 1. Top left: barnacles, Top Right: Fucoid 
seaweeds, Bottom left and right: coastal structures 
covered by seaweeds in the lower-mid intertidal. 
 
Coastal structures typically have much less biodiversity 
than natural rocky shores (pictured above). Research has 

  



shown that it is possible to increase the biodiversity 
value of hard coastal infrastructure for minimal cost 
without any loss of engineering function, through careful 
selection of materials and surface textures [6]. Studies 
have indicated that the rate and diversity of biological 
colonisation of structures can be enhanced by patterning 
construction material surfaces with fine (mm-cm) surface 
morphologies [5-7]. Enhancement can be designed to 
improve species diversity or to attract target species, 
such as barnacles. Environment Agency (EA) guidance on 
ecological enhancement of hard structures highlights the 
first inclusion of niche habitats in a new flood defence 
scheme in England[3]. Recent studies indicate that fucoid 
seaweeds, oysters and barnacles act as bioprotective 
buffers, reducing the efficiency of agents of weathering 
and deterioration on concrete structures [8-10]. They do 
this by: a) buffering thermal fluctuations, reducing the 
risk of thermal expansion and contraction under hot 
conditions and freeze-thaw under cold conditions, and b) 
reducing the concentrations of deteriorative salts within 
concrete. These organisms also act as ecosystem 
engineers, improving habitat for more complex 
macrobiotic assemblages. Colonisation by these 
biofouling organisms establishes more complex and 
diverse macrobenthic assemblages on coastal 
infrastructure [11]. Critically, these studies provide an 
important ‘proof of concept’: a) that it is possible to 
design surface textures to enhance bioprotective 
species; and b) that some species act as bioprotective 
buffers, shielding hard coastal and estuarine 
infrastructure in the intertidal zone from agents of 
deterioration. The role of biology as bioprotectors is 
poorly understood compared to other key 
biogeomorphic processes such as bioerosion or 
ecological enhancement of hard coastal engineering 
structures for biodiversity gains.  
 
This project aims to improve the engineering durability 
and increase biodiversity, by quantifying the 
bioprotective buffering capacity of barnacles on hard 
coastal infrastructure and testing physical and biological 
methods for enhancing colonisation of hard structures 
by these species. This project will encompass across-
disciplinary aspects of engineering, marine biology and 
geomorphology. 

 
Methodology 
Bioprotection by barnacles (and possibly seaweeds) will 
be quantified using a multi-method approach combining 
field experiments, laboratory simulation, advanced 
microscopy and engineering techniques. The project will 
determine the impacts on hard infrastructure asset 
resilience through three work packages: 1. Physical 
enhancement; 2. biological enhancement through 
settlement of barnacles in laboratory seeding trials (using 
concrete tiles with altered textures[6]); and 3. combined 
physical and biological enhancement, seeding of 

barnacles in the field/ field deployment of transplanted 
tiles. 
 
1. Physical enhancement 
Geomorphological and engineering results provide a 
‘proof of concept’ that barnacles and seaweeds act as 
bioprotective buffers [4,8]. New tests are needed to: (a) 
elucidate bioprotection more thoroughly in a wider 
range of environments; (b) identify any biodeteriorative 
processes these species might cause [12]; and (c) produce 
results for engineering applications and to improve our 
understanding of biogeomorphic feedbacks using 
controlled experiments.  
 
• Field experiments will test the interplay between 

material properties, material texture and 
establishment of bioprotective species.  

• Bioprotective buffering by barnacles and/or 
seaweeds on cleared and colonised surfaces of 
existing rocky shores and structures in UK and 
worldwide field sites (Scotland, England and Hong 
Kong and/or Japan). Sites across a range of 
environments are needed to evaluate the global 
relevance of bioprotection and if it varies between 
sub-types of species (e.g. barnacles with an without 
basal membranes).  
 

Temperature and humidity probes will be deployed on 
colonised and cleared concrete surfaces to measure 
summer and winter conditions [8]. Seaweeds have been 
found to buffer surface temperatures in cold weather, 
potentially reducing the frequency of freeze-thaw events 
[9]. Surface probe measurements will be compared with 
subsurface data obtained for areas with and without 
barnacles. At all sites, chemical weathering will also be 
measured using weight loss tablet experiments [13]. 
 
2. Biological enhancement  
Settlement tests in the laboratory will assess asset 
protection via biological enhancement of concrete tiles. 
Settlement of oysters on concrete bars over time was 
observed to increase flexural strength after 6 months 
and 2 years [14]. Engineering strength test comparisons of 
concrete tiles before and after barnacle colonisation will 
examine the potential for bioprotection and resulting 
improved asset resilience.  
 
• Advanced Microscopy and Engineering Tests 
Environmental SEM and Raman spectroscopy in the UoG 
ISAAC facility will quantify porosity and chemical 
weathering (1). Samples will be obtained from existing 
structures. Engineering tests will be used to quantify 
pore structure, porosity, compressive strength and 
chloride diffusion [10,15] (1, 2, 3). X-ray tomography will 
quantify porosity in 3D in colonised and uncolonised 
substrates (1, 2, 3).  
 
• Testing novel ways of encouraging barnacle 

colonisation 
  



 
This will test whether bioprotection can be enhanced by 
a combination of ecologically favourable material texture 
[5] and biological-enhancement [16]. Concrete tiles will be 
casted in plain and biologically favourable textures using 
3D design technologies.  This approach will validate 
earlier results and demonstrate manufacturing potential 
for ecologically favourable concrete.   
 
3. Combined physical and biological 

enhancement 
Biological-enhancement experiments will involve 
laboratory and field seeding trials (barnacle species will 
be site dependant, e.g. for Scotland - Semibalanus 
balanoides) to test the potential for combining textured 
surfaces [6] with seeding of barnacle larvae [16] to further 
accelerate the rate of colonisation. This twin-track 
approach to increasing the rate of barnacle colonisation 
is very appealing because: a) barnacles can buffer 
concrete structures against agents of deterioration; b) 
existing methods for reducing chloride ingress do not 
provide a long-term solution [15]; and c) barnacles act as 
ecosystem engineers providing improved habitat for 
other species, and so encouraging them can provide 
regulatory and supporting ecosystem services. 
 
• Comparison of biocoatings with conventional 

engineering methods 
 
Conventional engineering methods include the use of 
performance enhancing paints with marine coating 
technologies (e.g. International paints - Intercrete™) to 
improve asset resilience of concrete hard 
infrastructures. Concrete tiles colonised with barnacles 
during seeding trials will be transplanted alongside tiles 
coated with performance enhancing paints. Tiles will be 
monitored for a year and compared for asset resilience 
using engineering tests.  

 
Timeline 
Year 1: Physical enhancement, experimental design & 
deployment of test concrete tiles (1). Establish 
preliminary advanced microscopy & engineering tests 
using existing tiles (1, 2). Initiate laboratory seeding 
trial onto textured tiles to determine settlement 
preferences (2). Share preliminary results with end 
users. 
 
Year 2: Monitoring of experimental field sites (1). 
Data collection of existing habitat diversity in field 
habitats (1). Collect samples from test sites for year 1 
microscopy and engineering tests (1). Deploy 
transplanted tiles with biological enhancement into 
the field alongside tiles coated with performance 
enhancing paints (2, 3). 
 
Year 3: Monitoring of experimental field sites and tiles 
(1, 2). Data collection of existing/ altered habitat 

diversity in field habitats (1, 2). Collect samples from 
test sites for microscopy and engineering tests (1, 2). 
Collect samples from tests sites for year 1 transplant 
deployment examining combined physical and 
biological enhancement and biocoating versus 
conventional performance enhancing paints (1, 2, 3). 
Share results with key end-user groups including the 
Environment Agency, Natural Resources Wales and 
the Scottish Environmental Protection Agency.  

 
Training & Skills 
At the end of this research training the graduate will 
have skills in field monitoring of temperature, 
humidity and biodiversity, skills in advanced 
microscopy, engineering techniques, X-ray 
tomography and barnacle seeding that will allow them 
to communicate with environmental researchers, and 
advise on bioprotection for use in the engineering of 
non-building coastal hard assets for ecological 
enhancement. Appropriate employment avenues 
would include coastal processes specialist, ecosystem 
scientist, engineering geologist or environment 
researcher in academia, government or industry. 
Training in knowledge exchange and working with 
end-user partners will allow the applicant to 
communicate with members of environmental 
government agencies, and businesses advising on 
ecological enhancement and implementation within 
non-building hard infrastructure. This will enhance the 
student’s network and future employability. 
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