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1.   50 years of change in the Forth  Estuary 

Donald McLusky  ( ex University of Stirling) 

d.mclusky@btinternet.com 

 

 
The Forth estuary extends from Stirling to Queensferry. By the 1950s and ‘60s the upper 
estuary (Stirling to Kincardine) was grossly polluted by organic waste and experienced very 
low or anoxic conditions, especially on spring tides. The middle estuary (around 
Grangemouth) experienced industrial pollution, notably petro-chemical and mercury 
pollution. The lower estuary (towards Queensferry) was less impacted. As a result of major 
investment in pollution control in the 1980s and ‘90s the estuary has improved considerably 
throughout, so that eventually the upper and middle estuary are now classified as being of 
“moderate ecological potential”, and the lower estuary has “good ecological status”. 
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2. The challenges for the Forth and Tay estuaries for the coming decades;  

            how to adapt, accommodate and manage for natural and   

            anthropogenic change. 

Mike Elliott (Institute of Estuarine and Coastal Studies University of Hull)  

mike.elliott@hull.ac.uk 

 

 

 

The main challenges for estuarine management are to ensure that the areas protect the 
natural ecological structure and functioning while at the same time deliver ecosystem services 
from which society can obtain goods and benefits. The main threats to estuaries worldwide 
constitute what may be termed a ‘triple whammy’ – an increasing urbanisation and 
industrialisation, and increased use of physical (e.g. space, energy, water) and biological (e.g. 
fish, shellfish) resources., and a decreased resistance and resilience to the effects of climate 
change (e.g. sea level rise, storminess, acidification*1. This presentation illustrates these 
threats for the Forth and Tay Estuaries and shows what accommodation, adaptation and 
management responses will be needed and what will be possible. It considers the way in 
which the effects of threats within the estuary are exacerbated by those emanating from the 
catchment and the sea. It discusses ways of increasing the resistance and resilience to climate 
change impacts, such as managed realignment, of reducing the impacts of diffuse and point-
source discharges and of balancing the loss and gain of space and habitats. Finally, it discusses 
the type of science and management required to ensure the sustainability of these estuaries 
for natural and societal benefit. 
 

*1. Wolanski, E., Day, J.W., Elliott, M., Ramachandran, R. (Eds.) (2019). Coasts and Estuaries: The 

Future. Elsevier, Amsterdam, ISBN 978-0-12-814003-1, pp701.  
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3.         Improving the visibility of conservation issues in the Forth and Tay  

Stewart Angus (Scottish Natural Heritage) 

stewart.angus@nature.scot 

  

The Firth of Tay and the Firth of Forth contain extensive areas of coastal habitat designated 
as SSSI or Natura. It is suggested here that the complexity of aggregated approaches to nature 
conservation can be counter-productive in that resources may be unintentionally mis-
directed. In particular the aggregation of habitat designated because of the quality of that 
habitat can become confused with that same habitat designated purely for its breeding, 
roosting or feeding birds, where different priorities would apply.  
 
Conservation objectives for habitat conservation may not coincide with conservation 
objectives for birds. In addition, conservation objectives are often too narrowly focused and 
do not consider sufficient context.  The value of cross-disciplinary approaches to habitat 
conservation is highlighted.  
 
Finally, monitoring is insufficient at reporting aspects of habitat change that are of importance 
for climate change studies. Examples are given from both Firths, with the caveat that these 
issues are not confined to the two Firths. 
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4. 20 years of data collection in the Forth: evolving technology and 

changing landscapes  

Rhys Cooper (British Geological Survey) 

rcooper@bgs.ac.uk 

 

 

Over the last 20 years, the British Geological Survey (BGS) has been active in acquiring data in 
the Firth of Forth to produce a wide range of map outputs and publications. This talk will 
provide a narrative to the range of projects BGS has been involved in and how the technology 
applied has evolved over time to make acquisition easier with better results. 
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5.   The role of MASTS in fostering collaborations in marine research and PG 

education in Scotland and further afield 

Teresa Fernandes (Heriot-Watt University, MASTS, NERC DTP SUPER) & Lois Calder (MASTS, NERC    

      DTP SUPER) 

t.fernandes@hw.ac.uk 

 

 

Launched in 2009, supported by the Scottish Funding Council, the Marine Alliance for Science 
and Technology Scotland (MASTS) creates a collaborative national framework of excellence 
and capacity in marine and environmental science in Scotland and beyond.  With 17 partners 
and numerous national and international links, MASTS delivers interdisciplinary and 
collaborative research and representation of marine and related issues.  Working with 
government, policy makers, regulators and industry, MASTS creates partnerships which 
support action to address current environmental challenges. These partnerships have been 
successful in securing funding from the across the UK and Europe, including H2020, UKRI 
Global Challenges and government and industry sources.  Focussing on issues such as 
biodiversity and management of protected areas, local management of natural resources and 
improving environmental quality, this research has made real impact, for example in the area 
of fisheries and coastal zone management. At the heart of MASTS lies the graduate school, 
providing advance training and support for postgraduate researchers.  Recent funding success 
in a NERC Doctoral Training Partnership will extend the community to include students in the 
Scottish Universities Partnership for Environmental Research (SUPER).   Delivering high 
quality, flexible and bespoke training, contextualised to marine and environmental sciences, 
MASTS and SUPER deliver confident, capable, networked researchers primed for high quality 
careers in environmental and related sectors across the globe.   
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6.   The Continuing Contaminant Question 

Colin F Moffat1, Ashley Roberts2, Rob Fryer3 and Lynda Webster4 

 
1Chief Scientific Advisor Marine, Marine Scotland, Scottish Government, Marine Laboratory, 375 

Victoria Road, Aberdeen AB11 9DB 
2Scottish Environment Protection Agency, Angus Smith Building, 6 Parklands Avenue, Eurocentral, 

Holytown, North Lanarkshire, ML1 4WQ 
3Office of the Chief Scientific Advisor Marine, Marine Scotland, Scottish Government, Marine 

Laboratory, 375 Victoria Road, Aberdeen AB11 9DB 
4Marine Scotland Science, Marine Scotland, Scottish Government, Marine Laboratory, 375 Victoria 

Road, Aberdeen AB11 9DB 

colin.moffat@gov.scot 

 

Contaminants are ubiquitous in our marine systems, including Scottish estuarine ecosystems.  
Some are local, others have been carried by wind and water, settling within the sediments 
where the currents allow.  They enter the food web, many biomagnify, some tend to 
accumulate in specific tissues.  Whether they are organic or inorganic, key to any assessment 
is whether or not there are biological effects observed in the biota residing in the location.  In 
addition, the plants and animals are exposed to multiple contaminants, while new chemicals 
continue to be added to the possible mix.  There is no doubt that as we became aware of the 
risks of discharging contaminants to our marine system, significant improvements were made 
in terms of reductions in emissions, discharges and losses.  Despite some contaminant groups 
being banned, concentrations can, however, still be high, particularly in industrialised areas, 
due to their persistence.  In addition, the demands of society dictate that  many other 
chemicals continue to be used.  The key is to strike the right balance.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7.   Water Quality in the Forth  

 

Ted Schlicke  (Scottish Environment Protection Agency)  

ted.schlicke@sepa.org.uk 

 

 

 

Water quality in the Forth Estuary has improved in recent decades as a result of increased 
treatment of industrial effluent and sewage. As Scotland's principal environmental regulator, 
SEPA (Scottish Environment Protection Agency) licenses these discharges and monitors water 
quality to ensure that relevant environmental standards are met. A key legislative driver for 
these improvements is the Water Framework Directive which shifted the emphasis from 
individual discharges to the water body as a whole, placing a greater emphasis on the ecology.  
 
The upper Forth, heavily modified as a result of land claim and other alterations, is affected 
by a sag in levels of Dissolved Oxygen, most pronounced during spring tides in the summer 
months when organic material in muddy waters is re-suspended and degrades, consuming 
oxygen in the process. Other pressures on the Forth include elevated but decreasing 
concentrations of hazardous substances such as tributyltin (now banned). Nevertheless, 
overall improvements in water quality have resulted in returning populations of fish, birds 
and other wildlife. 
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8.     Effects of coal mining on Forth shores exemplified by attached algae  

Martin Wilkinson Clare Scanlan, Caitriona Buggle, Sharon Woolsey and  Liz Slater et al.  

(Heriot-Watt University) 

martin.wilkinson @btinternet.com 

 

 

 Waste discharge from coastal coal mines has severely affected shores in north-east England and 

west Cumbria. Less well-known is similar pollution in Scotland in the Firth of Forth.  Mine waste may 

be ground up minestone dumped on the shore rather than in terrestrial slag heaps (or bings) while 

the mine is actively working, or may be water pumped out of the mines. The minewater is a more 

serious pollutant after a mine is abandoned. This is because it is no longer actively pumped out and 

so bursts out after a prolonged period in the mine undergoing chemical changes, usually dissolution 

of iron compounds and often lowering of pH to seriously acid levels. 

In the Forth we describe three situations. Firstly the dumping of spoil on the shore from productive 

mines between Dysart and Methil in Fife, closed between 1968 and 1984, secondly the discharge of 

acid minewater near St. Monans still flowing from a mine abandoned 225 years ago in 1794, thirdly 

the discharge of minewater into the Firth from inland, abandoned mines through sub-estuaries of the 

Forth such as the Keithing Burn and the River Leven. We illustrate ecological effects and possible 

recovery in terms of the composition of the intertidal seaweed flora. 

Detailed mapping of seaweed species in the Forth in the 1970s showed a stretch of species poor shores 

from Dysart to Methil on the north bank of the Firth, between the species rich East Neuk and the 

moderately species-rich inner Firth, where three of the last large mines in the Fife coalfield were on 

the coast. Solid minestone wastes obliterated rocky shores at Dysart, East Wemyss and Buckhaven 

and transport of suspended solids from them affected shores in between. Despite the detailed 

cataloguing of Forth seaweeds in the 19th century, this particular area surprisingly has almost no 

previous records. Therefore, we cannot confirm revegetation to the previous state following closure 

of the mines but we have plotted recovery of the vegetation over the last three decades from what is 

presumed to be a degraded starting point.  Some examples of increases in seaweed species number 

on shores after mine closure are Dysart from 23 in 1981 to 55 in 2019; Methil from 13 in 2000 to 41 

in 2019; East Wemyss village from 31 in 1981 to 58 in 2019; East Wemyss (under the Michael Pit dump 

site and minewater discharge) from 17 in 1999 to 39 in 2019. So recovery is possible and may take 

decades as we have found in north-east England. A further factor is that the shore may have been 

physically altered which could inhibit recovery to a presumed rich 19th century state. Coastal 

protection works at East Wemyss and Methil have replaced the former bedrock upper shore with a 

boulder shore which accords with the absence of the upper fucoid zones there now. There is also the 

possibility that there may have been shore subsidence owing to underlying mine workings at East 

Wemyss as has been recorded at Noses Point in north-east England.  

Near St. Monans, in the very species-rich East Neuk, there is an acid, ferruginous discharge above high 

water mark from a mine abandoned in 1794. This still has a marked local effect on the upper shore 

replacing the fucoid community with opportunist seaweeds, illustrating how slowly acid mine water  

discharges may ameliorate.  

The Keithing Burn has a small estuary discharging into the inner bay at Inverkeithing in the inner Firth.  

The tidal stretch of the burn used to be very orange in colour with ferric solids until the 1990s owing  

to discharge from the Fordell mines, about 5 km inland, abandoned about 1947. Unlike effects on the 

 open coast flora the iron solids had little effect on the upper estuarine flora which, because of the 

 already stressful environment, consists of only a few, hardy, very tolerant species. Although the solids 

 are now extracted at source, so the burn water is no longer orange, the water retains 



9.        Geological controls of abandoned mine-related subsidence of the 

Bothkennar Pools areas, near Falkirk 

Romesh Palamakumbura1*, Tim Kearsey1, Sarah Arkley1, Ben Dashwood2, Dave Morgan2, Cornelia 

Inauen2, Leanne Hughes2 and David Gunn2 

1 British Geological Survey, The Lyell Centre, Edinburgh    2British Geological Survey, Keyworth, Nottinghamr 

romesh@bgs.ac.uk 
 

The Bothkennar Pools are a unique wetlands habitat with both freshwater and saline lagoons. They 

are two inland lagoons that are thought to have been formed by mine-related subsidence. As part of 

the Geological Observatory Forth (GoForth) project, we aimed to test the extent and timing of mine 

related subsidence in the area. The underlying geology of the area is Carboniferous-aged Lower Coal 

Measures Formation overlain by glacial till and post-glacial estuarine clay, silt and sand. The superficial 

sediments in the area are over 50 m thick. BGS records indicate five worked coal seams in the region 

that vary from the top of bedrock to 300 m below the surface. This work aimed to investigate if there 

is a link between mine workings 50 m below the land surface and the formation of the Bothkennar 

Pools.  

A new 3D geological model of the shallow subsurface using boreholes held by BGS was created to 

understand the shape of key surfaces including the top of bedrock and the top of the glacial till. To 

investigate the extent that these surfaces had been influenced by mine-related subsidence an array 

of geophysical techniques were deployed, including passive seismic, geophysical tomography, 

electromagnetism survey and multichannel analysis of surface waves (MASW). In addition, LiDAR data 

was used to assess in detail the impact of subsidence on the local topography. The shallow geophysics 

allow us to constrain the location of key geological features such a major igneous dyke cutting across 

the area and the shape and depth of the top of rock and till surfaces. The high-resolution LiDAR data 

provided a constraint on the impact of subsidence on the topography.  

The new geological and geophysical data shows a much a wider extent of potential abandoned mine-

related subsidence than previously thought. The shape of the surface expression of this subsidence is 

likely to have been strongly controlled by both the underlying bedrock and the thick superficial 

sediment cover. East-west running faults and dyke across the area stand proud, suggesting potential 

fault reactivation driven subsidence. The thick superficial sediments are likely to have also constrained 

the extent of subsidence, resulting in a steeper angle of draw. The maximum subsidence displacement 

is approximately 2 m, which is significantly less than would be expected with multiple worked seems, 

this dampening of subsidence is likely to be a consequence of the thick superficial cover. Typically, this 

type of fault-controlled subsidence occurs during mining and shortly after, therefore it is unlikely that 

subsidence is ongoing but further work aims to test this. This case study is an excellent example of the 

influence of geological controls on abandoned mine-related subsidence, and in addition, the impact 

of that these processes have on coastal wetland habitats.  
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10. Salinity variations and frontal systems in the Tay Estuary  

John McManus (University of St. Andrews) 

jm@st-andrews.ac.uk 
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11.  An overview of the seaweeds of the Forth and what changes in their  

assemblages can tell us 
 

Martin Wilkinson1, Clare Scanlan, Emma Wells2 
1Centre for Marine Biodiversity & Biotechnology, Heriot-Watt University, Edinburgh 

2Wells Marine Surveys, Kings Lynn, Norfolk.  

martin.wilkinson@btinternet.com 

 

High 19th century species richness of the Forth seaweed flora was established combining earlier work 

and their own surveys by Traill and Rattray in the 1880s and 1890s totalling 34% of species in Batters’ 

1902 Catalogue of British Marine Algae. 20th century surveys from the 1960s to the present have 

shown even greater richness with 44% of species in the 2003 Atlas of British Seaweeds being recorded. 

This high richness obscures that between these dates there was considerable loss of species from 

some pollution affected shores which we have monitored for recovery over the last four decades. 

Surveys by Traill in the 1880s at Elie in Fife and at Dunbar were repeated in the 1970s and showed 

retention of the high species richness in the absence of man-made effects. While numerical species 

richness was maintained only about 70% of the actual species were present on both occasions with 

the balance made up of variable ephemeral species. This has now been verified  as normal over 

seasonal, annual and decadal time scales on many shores and forms the basis of the use of numerical 

species richness in the UK WFD rocky shore assessment tool. 

An unpublished atlas of Forth seaweeds in the 1970s showed two species poor areas in the mid to 

inner Firth. On the north bank this was due to coal mining effects, presented in another paper at this 

meeting, but on the south bank effects could be due to crude sewage discharge from Edinburgh. 

Recovery on the Edinburgh shoreline over four decades since sewage changes about 1980 has taken 

different courses on different shores. The 19th century richness of the Joppa shore, reported by Traill, 

was approximately halved and the shore changed from seaweed luxuriance to a barnacle/mussel 

dominated climax. This robust community remains, giving the superficial impression of no recovery, 

although seaweed species richness which has recovered is now represented by only tiny amounts of 

many species. By contrast at Granton the pollution induced community on the rocks was dense small 

polychaetes in sewage-derived silt. This was quickly washed away when the sewage was abated and 

initially replaced by abundant seaweeds but over several decades there has been change to a mussel 

dominated shore and then to a barnacle dominated one. But, as at Joppa, species richness has 

recovered to levels similar to what we believe to have been there in the 1890s but with only about 

70% species in common and many only in small amounts. Natural successions may change the path of 

recovery so there is not necessarily a return to the previous state.  

These studies of seaweed recovery have helped in devising tools for WFD assessment of rocky shores 

for the UK. They have shown the importance of using species richness rather than detailed species 

lists, the use of single occasion samples and the importance of controlling the season of sampling. The 

seasonal changes recorded monthly at Joppa and Granton in 1990-1 show a seasonal range from 38 

to 60 species with time of year with changes in ephemerals giving 86 total species over a 15 month 

period. The seaweed species number is unrelated to whether or not the shore appears seaweed 

dominated as in Traill’s time or sessile animal-dominated as now. A clear illustration of how the 

animal/seaweed domination can change is seen at Hawkcraig Point at Aberdour where with no 

apparent change in man’s influence a barnacle dominated, mildly exposed shore changed after 30 

mailto:martin.wilkinson@btinternet.com


years to a seaweed dominated shore but with no change in floral composition. This why the labile % 

cover of dominant species is not suitable for WFD assessment. 

Invasive alien seaweeds have not been a problem in the stability of the Forth flora but recently the 

invasive kelp, Undaria pinnatifida, was seen at its northernmost British and first Scottish location in 

Port Edgar Marina at South Queensferry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



12.   Examining carbon sequestration in Scottish intertidal seagrass meadows: 

A case study from the Forth and Tay Estuaries 

Dani Whitlock1, Mark Huxham1, Gillian MacKinnon2 and John Baxter  
 

1Edinburgh Napier University 2Scottish Universities Environmental Research Centre (SUERC) 

Danielle.Whitlock@napier.ac.uk 

 

 

Seagrass meadows are natural carbon sinks, which could contribute significantly to global carbon 

sequestration. With increasing concerns over effectively mitigating greenhouse gas emissions, the 

profile of this habitat has attracted attention worldwide. In Scotland, research has shown seagrass 

meadows enhance carbon storage significantly compared with areas where seagrass is absent, but 

there are still large differences in carbon storage across sites that warrant the exploration of physical, 

chemical and biological factors.  

This talk will explore some of the possible factors influencing the variation in carbon storage within 

seagrass meadows, focusing particularly on plant litter decomposition. Plant litter decomposition 

plays an important role in the movement of carbon within a seagrass bed. To understand if 

decomposition is playing a role in the variation of carbon storage within seagrass meadows a common 

substrate – tea – has been buried and will be used as a measure to estimate rates of decomposition 

across multiple seagrass beds and adjacent bare mudflats. Further to this, physical properties that 

could be influencing the variation in carbon stores across seagrass meadows, including substrate 

stability and particle size analysis, will be discussed. 
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13.  Zostera past, present and future? Status of seagrass in the estuaries and   

       Firths of Forth and Tay. 

Alastair R Lyndon1, Samantha Finlay1, Rainier Zoutenbier1, Kirsty A Fraser1, Tetrienne Box1, 

Freya Wilson1, Honor Wright1, Diana Padron Torres1, Carly Barrett1, Dawn E White1, Paul F 

Kingston1, Nine Le Reun1,2, Heidi Burdett2. 
1Centre for Marine Biodiversity & Biotechnology and 2Lyell Centre, Institute of Life and Earth 

Sciences, Heriot-Watt University, Edinburgh, EH14 4AS, Scotland 

A.R.Lyndon@hw.ac.uk 

 
 
Seagrasses constitute important and threatened coastal habitats across the world.  Although 
most studies suggest a global decline in seagrass meadows, there is a paucity of information 
regarding trends in UK seagrass, and this is particularly so for intertidal species typical of 
estuarine environments.  Such knowledge is a requirement for underpinning key regulatory 
policies (e.g. EU Water Framework Directive).  We have directly surveyed seagrass in the 
estuary and Firth of Forth over the last 15 years, and to a lesser extent have also covered 
areas of the Tay and Eden estuaries.  From this we can gain some insight into the relative 
status of these beds over short to medium time-scales, with the suggestion being that the 
current beds appear persistent in location, but fluctuate in extent from year-to-year.  Using 
longer-term data for the Forth only from the herbarium at the Royal Botanic Garden, 
Edinburgh, we can further investigate the apparent spatial persistence of beds over periods 
of decades to centuries.  The tentative conclusion of these investigations is that there is 
evidence for very long-term persistence of seagrass beds in the Forth over decadal to 
centurial scales.  In conclusion, seagrass beds in the Forth and Tay show classic dynamic 
stability, where there is long-term persistence in suitable locations accompanied by wide 
fluctuation in short-term (year-to-year) abundance and extent.  The consequences of this 
behaviour for carbon storage (“blue carbon”) is also explored. 
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14.  Green Shores: Growing & restoring saltmarshes to enhance biodiversity and 

adapt to coastal changes in the Tay & Eden Estuaries & the Dornoch Firth, Scotland 
 
Emma Defew and Clare Maynard, Sediment Ecology Research Group, University of St Andrews, 
Scottish Oceans Institute, East Sands, St Andrews, KY16 8LB. 

cem3@st-andrews.ac.uk 

 
The Green Shores saltmarsh conservation and restoration project is helping coastal habitats 
on the East Coast of Scotland adapt and be more resilient to rising sea levels. Saltmarshes are 
relatively rare, biodiversity-rich habitats in Scotland, but often overlooked as a natural, 
primary defence against the coastal erosion and flooding challenges faced by coastal 
communities and landowners. The development of a coastal plant hub, as a facility to grow a 
range of native saltmarsh species, has engaged a diverse range of stakeholders to address 
these increasingly urgent issues.  
 
Large-scale field trials in significant coastal areas within the Tay & Eden Estuaries and the 
Dornoch Firth are testing the use of ‘ready-made’ vegetative and seed-based saltmarsh 
transplants grown in the dedicated resource. In addition, the project is trialling innovative 
coir-filled bio-rolls as wave-protection devices, to help initiate and rapidly enhance the 
saltmarsh colonisation process in the transplanted areas. The project has engaged public 
volunteers, wildfowlers, conservationists, greenkeepers, military personnel, students and 
schoolchildren, and therefore is raising awareness of the link between climate change 
adaptation, biodiversity conservation and natural flood management. Collaborative habitat 
restoration practices that strengthen these associations are ever more necessary to help 
inform the public about coastal and climate change and ultimately to safeguard the economic 
growth and quality of life in coastal communities.  
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15.       Microplastics in Scotlands’ Marine Environment with Emphasis on the  

            Forth-Tay Area 

Marie Russell* and Lynda Webster 

Marine Scotland Science, Marine Laboratory, 375 Victoria Road, Aberdeen, Scotland  –  

Marie.Russell@gov.scot 

 

The problem of marine plastic litter is well known, from cosmetic beads and nurdles to plastic 
bottles and bags all polluting the worlds’ oceans. Of particular concern are microplastics 
(pieces less than 5 mm in length) which are either primary (e.g. nurdles, cosmetic beads, 
industrial abrasives) or secondary (from the breakdown of larger plastics such as bottles, 
plastic bags and synthetic ropes).  
Microplastics already contain a range of potentially harmful substances such as flame 
retardants, plasticisers and antimicrobials but they can also adsorb and concentrate 
pollutants from the marine environment. These microplastics can be ingested by many 
marine organisms, potentially causing adverse effects in the organism. The pollutant burden 
can also be transferred to the organism, leading to the possibility of  biomagnifying these 
pollutants up the food chain. The greater surface to volume ratio of microplastics will increase 
the potential for leaching of pollutants from the microplastics to the organism (Cole et al. 
2011). There is also concern that the microplastics themselves can also be transferred up the 
food chain and ultimately reach humans. 
At Marine Scotland Science we have been sampling sea surface water since 2014 to assess 
whether microplastics pose a problem. A preliminary analysis of the collected microplastics 
from the surface waters showed that almost 67% of microplastics collected over 6 years were 
fragments (varying shapes and colours) with nurdles making up only 3%.  Figure 1 shows the 
range of our sea surface sampling and the concentration of the sum of microplastics for 2014-
2018. Sediments and fish have also been sampled and are currently undergoing analysis. Data 
for the Forth-Tay area will be presented within the context of the wider Scottish marine 
environment. 

Figure 1 Microplastics per km2 in Scotlands’ seas 

(2014-2018) 
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16.  Inter-annual monitoring of microplastics in marine intertidal 
sediments of the Firth of Forth 
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Microplastics (MP), defined as pieces of plastic smaller <5mm are commonly found in the 
marine environment and originate either from consumer care products and plastic 
production plants or from the disintegration of larger pieces. MPs need to be monitored in 
order to evaluate the effectiveness of Government initiatives to reduce plastic debris in the 
environment. The aim of the present study, therefore, was to contribute to the development 
of a hitherto lacking quantitative long-term marine MP database. We present the results of a 
five-year pilot project in the Firth of Forth, point to innovations in sampling and contamination 
prevention, as well as the limitations. Sediment samples were obtained in triplicate from 
intertidal sites in May 2014, May & Sept 2015, May & Sept 2016, 2017, 2018 using glass bijoux 
tubes as miniature cores and sealed with metal screw caps, processed using a density 
separation procedure and the polymer types determined using FT-IR spectroscopy. The 
results showed that there are high numbers of plastic particles (34-4,800 kg-1) and fibres 
(1,700-4,300 kg-1) along both shores of the Firth of Forth. The number of Fibres was generally 
higher than particles. There was no apparent pattern of spatial distribution. Although a spike 
in MP particles was observed in Sept 2015 and May 2016, there was no significant difference 
in MP particle concentrations between May 2014 and September 2018. There was also no 
significant difference in MP fibre concentrations during the same five-year period. There was 
also no evidence of seasonal fluctuations in MP concentrations. The results show that, for 
intertidal sediments in the Firth of Forth, the MP concentrations has remained stable. This is 
significant baseline information and will be instrumental in assessing the effectiveness of 
Government policy regulating industry and consumer behaviour towards the production and 
use of particularly single-use plastic products. However, in order to compare results between 
countries and laboratories, for the purpose of gaining a more global insight into the 
microplastics contamination issue, more standardized sampling and extraction procedures 
need to be developed. 
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17.  Nurdles on the shore – tackling the pellet pollution problem in  

      the Firth of Forth and beyond.  

Madeline Berg (FIDRA) 

Madeleine.Berg@fidra.org.uk 

 

 
The Great Nurdle Hunt began in 2012 with a focus on The Firth of Forth; highlighting the 
widespread incidence of nurdles (plastic pellets) across its shorelines. Nurdles are pre-
production plastic pellets – tiny plastic discs around the size of a lentil, these are the granular 
raw material for most of our plastic products. Their presence on beaches is due to accidental 
spillage during handling, which can occur at any stage of the plastic supply chain. Fidra has 
been working for several years to promote best practice to facilities in the local area to ensure 
that no more pellets enter the environment. The Great Nurdle Hunt project has since spread 
to gain global reach, across all 7 continents, creating worldwide awareness of this little known 
but abundant marine pollution. We are now calling for global action to tackle this pollution 
problem, developing a supply chain approach to increase transparency and accountability 
within in the plastics industry, to ensure pellets are no longer lost to the environment. Fidra 
is working together with the Scottish Government and regional industry representatives to 
develop working trials based on this novel approach, helping Scotland take the lead in creating 
a solution that can be replicated worldwide. This talk will focus on Fidra’s journey from the 
shores of the Forth, and how we have drawn on our experience of dialogue with local industry 
to find international solutions to this global pollution problem. 
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18.  Towards an understanding of the carbon deposition of the  

     historical native European oyster (O. edulis L.) beds in the Firth  

     of Forth 
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w.g.sanderson@hw.ac.uk 
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cSt Abbs Marine Station, Harbour, Eyemouth. TD14 5PW 

 

 

The Firth of Forth was once home to the largest native oyster fishery in Scotland and one of 
the largest in Europe.  At peak production in the 19th C, hundreds of fishers were involved in 
the exploitation of the beds that were comparable in aerial extent to the present-day city of 
Edinburgh, and from which as many as 30 million oysters per annum were landed1.  This 
functionally significant habitat, dominated by filter feeding oysters, is now extirpated though 
out its European range.  
Since 2009 research focusing on marine ecosystems as carbon stores has been gaining 
traction, where historically work has focused on terrestrial stores2. Within this ‘blue carbon’ 
research there has been a disproportionate bias towards photosynthetic marine 
ecosystems3,4. A review of potential blue carbon stores in the Scottish marine environment 
highlighted bivalve beds, as significant stocks of biogenic carbonate, in the form of shell 
material5. However, no values were estimated for bed-associated mud deposits3,5,6. As bivalve 
restoration projects gain momentum7, improving the understanding of the potential service 
provision by these habitats, in terms of carbon storage and water quality management, is vital 
for advising marine management4. At St Abbs Marine Station, studies of real-time carbon 
budgets by O. edulis were undertaken in a naturally-fed seawater environment. As a result, 
rates of passive and active deposition, as well as rates of calcification and respiration have 
been derived.  The emerging understanding of restored oyster beds, as carbon sinks or carbon 
stores is discussed. 
 

Key words: Blue Carbon, Biodeposition, Respiration, Calcification 

1 Thurstan, R., Hawkins, J.P., Raby, L., Roberts, C.M., 2013. Oyster (Ostrea edulis) ex- tirpation and 

ecosystem transformation in the Firth of Forth, Scotland. J. Nat. Conserv. 21, 253–261.  
2 Nellemann, C. and Corcoran, E. eds., 2009. Blue carbon: the role of healthy oceans in binding carbon: 

a rapid response assessment. UNEP/Earthprint. 
3 Fodrie, F.J., Rodriguez, A.B., Gittman, R.K., Grabowski, J.H., Lindquist, N.L., Peterson, C.H., Piehler, 

M.F. and Ridge, J.T., 2017. Oyster reefs as carbon sources and sinks. Proceedings of the Royal Society 

B: Biological Sciences, 284(1859), p.20170891. 
4 Herr, D., von Unger, M., Laffoley, D. and McGivern, A., 2017. Pathways for implementation of blue 

carbon initiatives. Aquatic Conservation: Marine and Freshwater Ecosystems, 27, pp.116-129. 
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19.   Monitoring the Forth Estuary Community under the EU Water  

         Framework Directive 

Myles O’Reilly  (Scottish Environment Protection Agency) 

myles.oreilly@sepa.org.uk 

 

 
The EU Water Framework Directive (WFD) has been a major piece of environmental 
legislation driving classification and improvement of the ecological status of Scotland’s 
waters. However, monitoring of fish communities occurs in fresh waters and transitional (or 
Estuarine) waters only, with fully marine waters excluded.  The Forth Estuary is one six 
representative transitional water bodies selected for surveillance.  Although the estuarine fish 
community in the Forth has a long history of studies, the adoption of the WFD approach 
provided a standardised UK wide tool to classify the fish community.  The development of the 
Transitional Water Classification Index (TFCI) is discussed and its application to the Forth TW 
Fish community is described  
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    20.                Coastal Change and Nature Conservation  

Nick Everett (Scottish Natural Heritage) 

Nick.Everett@nature.scot 

 

 

After last emerging from ice sheets, the shores of Scotland's east coast Firths were shaped by 

a single wave of sea-level rise that sorted and organised the mess of glacial sediment before 

retreating again.  With a little help from the rivers, and latterly people, this created the 

dynamic coastal habitats we conserve today, which help protect settlements, infrastructure, 

heritage, ways of life.  In the incoming new wave of sea-level rise, parts of these habitats will 

be washed away and other parts may grow; all have potential to become more dynamic.  How 

can nature conservation not just cope, but thrive, with such changes on the Tay and the 

Forth?  The key should lie in understanding both the inheritance and the future of the 

landforming processes involved. 
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21.   The constraints and opportunities for habitat creation on the 

         Inner Forth  

Yvonne Boles (RSPB Scotland) 

yvonne.boles@rspb.org.uk 

  

RSPB Scotland have been involved in the Inner Forth for several years and in many different 

ways, but always with the aims of protecting the special inter-tidal habitats found there; 

trying to enhance them and more recently looking at ways in which we can we create more 

of them. With the recognition of how important these habitats are to wildlife, flood 

management and carbon sequestration, there is a collective growing desire to do more to 

ensure they remain high-functioning habitats. Creating more inter-tidal habitat is not straight 

forward, so I will explore some of the difficulties and highlight the opportunities. 

 In 2018, we managed to secure funding to carry out the first managed realignment in the 

estuary at our Skinflats Reserve. This has created about 10 hectares of new inter-tidal habitat, 

which may not sound like a lot but it is a huge step in understanding the process, showing 

that it can be done and importantly that it is safe and it works.  
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22.      Effects of a large offshore wind farm upon seabirds 

J. Paul Gill1, David A. Elston2, Murray Grant3, and David Sales4 

1Environmentally Sustainable Systems and ESS Ecology, Edinburgh. 2James Hutton Ltd.  
3Royal Haskoning-DHV. 4Independent Statistician. 

Paul.Gill@ess-ecology.com 

 

The authors describe the results of bird monitoring that encompasses three years before 

construction, three years during construction, and the first three years of operation of 

Greater Gabbard Offshore Wind Farm. This research provides statistically robust 

comparisons of changes in densities of 13 seabird species in the two component wind farm 

sites, relative to four immediate buffer zones and two more distant pooled reference areas. 

Strong evidence for avoidance effects of the wind farm on bird densities was detected for 

four species (red-throated diver, gannet, northern fulmar and guillemot) and weaker 

evidence was found for razorbill and common gull, while strong evidence was detected for 

attraction effects on one species, kittiwake. Confidence limits around the magnitude of 

changes detected were computed for each species for which strong evidence was 

established. Analyses were also undertaken on changes in flight densities at rotor height to 

inform the potential collision risk. These only revealed strong evidence for kittiwake flying at 

potential risk heights within the turbine areas at greater densities during operation than 

before construction.  
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23.      The Changing Fortunes of Seabirds in the Firth of Forth 

John Hunt (Scottish Seabird Centre) 

johnfhunt20@gmail.com 

 

The Firth of Forth supports nationally important populations of seabirds with 16 species 

nesting, nearly all on the ten islands in the estuary.  Numbers of breeding seabirds have 

been counted each year since 1959 and this data is reviewed for key species.  Most species 

increased greatly until the 1990s and the possible explanations for this are considered as 

well as reasons for the more recent decline in some species.  Current and future threats are 

outlined as well as necessary conservation measures. 
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24.   Microbial function is driven by infaunal ecosystem engineering  

         in Tay estuary sediments 

Adam Wyness (University of St. Andrews) 

adamjwyness@hotmail.com 

 

Infaunal ecosystem engineers modify their biochemical and physical gradients within their 

environment. This has consequences on microbial community structure and function, and 

consequently effects sediment functions such as sediment stability, nutrient cycling and 

primary production. 

A well-established microcosm system was constructed with sediment and various infauna 

treatments from the Tay estuary. Prokaryote community composition was analysed using 

high throughput 16srRNA sequencing, and diatom diversity analysed using traditional 

microscopic methods.  

Different infauna combinations resulted in varying functional outcomes and different 

biochemical selective pressures resulting shifts in microbial communities and function. 

Evidence of cooperative ecosystem engineering and dominance of organisms was observed, 

and our investigations highlight how easy it is to ‘tip the balance’ in sediment systems in short 

time periods with the addition or loss of ecosystem engineers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



25.   Persistent organic pollutants in grey seals in the Forth:  

         decadal changes and impacts on energy balance  

Kimberley Bennett (Abertay University) 

k.bennett@abertay.ac.uk 

 

 

Legacy contaminants are slow to change in the environment and may have ongoing ecological 

consequences through impacts on energy balance regulation. Lipophilic contaminants are at 

highest levels and have the greatest impact on long-lived apex predators with large fat stores, 

such as marine mammals, because they bioaccumulate and biomagnify up the food chain. 

The Isle of May grey seal colony is one of the largest on the East coast of Scotland and is 

monitored annually.  We compared persistent organic pollutants (POPs) in blubber from Isle 

of May grey seal pups between 2015-2017 and 2002. We also investigated whether POPs 

influence blubber function and body mass trajectories during suckling or natural fasting. PCBs 

have fallen by 25% since 2002, but organochlorine pesticides have not changed. Dioxin-like 

PCBs reduce blubber tissue glucose uptake, which in turn affects mass gain rates in suckling 

pups. Higher blubber DDT and its metabolites caused fasting pups to lose mass faster.  POPs 

below toxic thresholds thus have detrimental effects on fat tissue function that influence 

energy balance during key life history stages in grey seals. This threat will remain for grey seals 

born in the Forth for the foreseeable future because POPs are declining so slowly.  
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26.   Main issues on the Forth and Tay with regard to marine  

         planning 

 
Christopher Cutts (Forth Estuary Forum) 

chris.cutts@forthestuaryforum.co.uk 

 

 

 

In the light of recent advances in regional marine planning (e.g. the Clyde regional marine 

plan pre-consultation draft and marine planning partnerships in Orkney and Shetland) 

following the publication of the National Marine Plan in 2015, this paper will address some of 

the main issues and activities which may, or may not, require marine planning in the putative 

SE Scotland Scottish Marine Region of the Forth and Tay. 

Since marine planning also overlaps the boundaries of terrestrial marine planning, the paper 

also highlights issues that will be common to both terrestrial and marine planning and how 

future local development plans, strategic development plans and City Region Deals for the 

ten local authorities in the Forth / Tay area may interact with the single marine region. 

Moreover, work carried out by local coastal partnerships on sectoral interactions in the 

marine and coastal environment (e.g. examples of neutral interactions, positive interactions, 

conflict, and managed competition) was used to identify aspects of activity where regulation 

and/or marine planning may be required, and is also summarised here. 
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27.        The Marine Spatial Planning Challenge: a novel approach to  
              stakeholder engagement  

Rhona Fairgrieve (Scottish Coastal Forum) 

Rhona.Fairgrieve@gov.scot 
 
 

 

Invented by the Dutch Government in 2011 to explain the complexities of marine planning to 

their stakeholders, the MSP Challenge was adopted and adapted during the EU-funded 

SIMCelt project to test its applicability to stakeholder engagement in Scotland, specifically 

within the Clyde Marine Region.  Since then, it has evolved further to provide a novel, 

immersive and entertaining way of using role-play and table-top strategy to understand the 

relationships between different marine activities and how marine planning can accommodate 

them in shared sea basins. 
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P1.           East Coast Marine Mammal Acoustic Study (ECOMMAS) 

Pablo Chevellard, Ross Culloch, Ewan Edwards, Ian Davies, Kate Brookes  

(Marine Scotland) 

Pablo.chevallardnavarro@gov.scot 

 

Marine Scotland Science are involved in several projects that monitor protected cetacean 

populations; one of these is the East Coast Marine Mammal Acoustic Study (ECOMMAS).  

Since 2013, the ECOMMAS project has deployed acoustic recorders at 30 locations off the 

east coast of Scotland, with the aim of monitoring the presence and occurrence of dolphins 

and porpoises. The array is comprised of C-PODs (click detectors) and broadband acoustic 

recorders, that record ambient noise and other animal vocalisations. 

Information on presence, occurrence, and habitat use by dolphins and harbour porpoises is 

important for understanding how these species use the coastal waters of Scotland, and the 

potential for offshore marine industries to affect their behaviour. 

The poster will present the differences in distribution between porpoises and dolphin species 

between 2013-18, as well as the contrasting rates of detection (associated to the different 

population sizes). One of the key findings of this work is that areas with low numbers of 

porpoise detections tend to have a higher number of dolphin detections.  

Additionally, the latest data collected from winter deployments at Helmsdale and Arbroath 

will provide new insight into the year-round seasonality of the cetaceans of the east coast. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



P2     Understanding the causes of change in Firth of Forth seabird   
          populations from 45 years of research on the Isle of May 

Francis Daunt 

frada@ceh.ac.uk  

Centre for Ecology & Hydrology, Bush Estate, Penicuik EH26 0QB 

  

The UK holds internationally important populations of seabirds that have shown substantial 

declines in the last two decades.  The Firth of Forth supports some of the most important 

populations on the east coast of the UK, in particular on the Isle of May.  The Centre for 

Ecology & Hydrology (CEH) started researching seabirds on the Isle of May in 1973, and it is 

one of the most comprehensive studies of its kind in the world. We study six species with 

differing ecologies (black-legged kittiwake, Atlantic puffin, common guillemot, razorbill, 

European shag and northern fulmar), recording survival rates, reproduction, diet and foraging 

distribution during the breeding season. We also study distribution in winter through the 

support of >150 volunteers, and by deploying data loggers for species that migrate far 

offshore.  With these data, we have identified areas that are important for the seabird 

community throughout the year. We have demonstrated the effects of climate warming, 

extreme weather events and fisheries for sandeels (the seabirds’ principal prey).  Our 

research also contributes to environmental assessments of planned offshore wind farms in 

the region. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



P3             Ancient valleys buried beneath the Scotland 

Tim Kearsey1 Jonathan Lee2 & Andrew Finlayson1. 

1British Geological Survey, The Lyell Centre, Research Avenue South, Edinburgh, EH14 4AP, UK. 
2British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK. 

timk1@bgs.ac.uk 

 

Buried palaeo‐valleys have significant and often unexpected implications for groundwater, 

geothermal resources and can provide detailed archives of palaeoenvironmental and 

landscape change. The BGS has embarked on a program of work as part of the Quaternary 

Heterogeneities Project to study the applied and palaeoenvironmental significance of these 

features.  

In the Midland Valley of Scotland, numerous palaeo‐valleys have been identified historically 

although their age and genesis was poorly understood. This study utilized a digital data set of 

over 100,000 borehole records that penetrate the full thickness of Quaternary deposits. In 

total, the study identified 18 buried palaeo‐valleys, which range between 4-36 km length and 

24-162 m depth. 

Geometric analysis using the borehole dataset has revealed four distinct valley morphologies, 

which were formed by a combination of subglacial and subaerial processes. In the Midland 

Valley, some palaeo‐valleys cross‐cut each other with the deepest features aligning east–

west. These east–west features align with the reconstructed ice‐flow direction under 

maximum ice sheet conditions. The shallower features appear more aligned to ice‐flow 

direction during ice‐sheet retreat, and were therefore probably incised under more restricted 

ice‐sheet configurations. 

The infills of these palaeovalleys are equally variable ranging from less than 10% to over 50% 

sand and gravel and appear largely unrelated to the processes that formed them. Instead, 

infilling occurred predominantly during deglaciation in response to fluvial capture and/or sea-

level change (drowning). Further work is being undertaken to characterise their geometry and 

infill and to identify and characterise other features elsewhere in the UK. 
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P4   Forth estuary and Firth of Forth sub-estuaries as habitats for salmonid    

        fishes. 

Alastair R Lyndon 

Centre for Marine Biodiversity & Biotechnology, Institute of Life and Earth Sciences, Heriot-

Watt University, Edinburgh, EH14 4AS, Scotland 

A.R.Lyndon@hw.ac.uk 

 

Estuarine habitats are thought to be crucial in the life histories of migratory salmonid fishes.  

The Forth estuary is connected with the River Teith SAC for Atlantic salmon, so the importance 

of the system is recognised.  However, little recent information has assessed the status and 

potential of estuarine habitats of the Forth (including sub-estuaries of the Firth of Forth) in 

relation to local salmonid populations, including Salmo salar, S. trutta and Osmerus eperlanus.  

This is particularly important in the light of abatement of previous pollution, increase of new 

hazards (e.g. plastics) and increased focus on estuarine habitats as a result of environmental 

impact assessments (EIA) for coastal developments.  This poster presents a review of current 

information relating to the distribution of suitable habitats and an evaluation of areas for 

further research. 
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P5        Fish parasites in the estuaries and Firths of Forth and Tay. 

Alastair R Lyndon, Shanna J Paterson, Emily Burns, Gillian Irvine, Hannah Bennett, Heather 

McCletchie, Emily L Strong, Richie Sands, Ross Bijak, Gemma Goodlet. 

Centre for Marine Biodiversity & Biotechnology, Institute of Life and Earth Sciences, Heriot-Watt 

University, Edinburgh, EH14 4AS, Scotland. 

A.R.Lyndon@hw.ac.uk 

 

Parasites of inshore and particularly estuarine fishes are poorly studied.  Using a variety of 

fish samples collected over 30 years, we have built up a picture of the major fish parasites of 

the Forth area, as well as some more specific studies relating to the Tay.  The results indicate 

a relatively species-poor community heavily dominated by larval stages of nematodes and 

digeneans, but with increased importance of acanthocephalan and cestoda in middle and 

upper estuarine areas, suggesting a transition towards a more typically freshwater 

community structure.  Within these general patterns, differences are apparent between fish 

species, and the presence of some previously rarely recorded parasites is notable.  The results 

are discussed in relation to parasite community structure and potential impacts on 

commercially exploited fish. 
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P6   Parasites of intertidal molluscs in the Forth Estuary: not as simple as we 

thought? 

Alastair R Lyndon1, Matthew Walker1, Gareth Jones1, Alison Palmer1, Marie Mathelier1,2, Emma 

Gerrie1, Scott Cutler1, Ewan Fyffe1, Niall Lemetti1, Michael Masters1, Lindsay Tolmie1. 
 

1Centre for Marine Biodiversity & Biotechnology, Institute of Life and Earth Sciences, Heriot-Watt 

University, Edinburgh, EH14 4AS, Scotland 
2 IUT Génie Biologique, Université de La Rochelle, France 

A.R.Lyndon@hw.ac.uk 

 

Typically, the major parasites of intertidal molluscs are larval digenean flukes, which are 

traditionally thought to utilise gastropods as first intermediate hosts and bivalves as second 

intermediate hosts.  Another important parasite of bivalves, especially Mytilus edulis, is the 

copepod Mytilicola intestinalis, which was introduced to the UK and spread widely during the 

1950s and 1960s.  There is a paucity of information on the occurrence and distribution of 

digeneans  in the UK and especially Scotland, while there are no recent surveys of M. 

intestinalis.  This work aimed to investigate the prevalence and distribution of both digenea 

and M. intestinalis in molluscs from around the Firth of Forth.  The results indicate that there 

are differences between locations, even over very short distances, in the prevalence of 

digenean infections, probably associated with variation in abundance of avian final hosts.  

Furthermore, the widespread use of gastropods as second intermediate hosts (infected with 

metacercariae) is reported for the first time, perhaps questioning the traditional view of 

digenean life-cycle structure. Mytilicola intestinalis seems to be absent from the Forth, in 

contrast to its previous prevalence in the 1960s.  It seems this parasite may have died out, 

possibly associated with a local decline in mussel populations.  The results are discussed in 

the context of digenean epidemiology, parasite impacts on mollusc hosts and also in relation 

to disease risks associated with mollusc relocation projects, e.g. for native oysters. 
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P 7  Into the labyrinth?  Investigation of saltmarsh habitats in the Forth 

Estuary and Firth as habitats for labyrinthulid pathogens of grasses. 

Alastair R Lyndon1, Kirsty A. Fraser1, Claire Lauvinerie1,2, Aveline Coulaud1,2, Margot Soullard1,2 

.1Centre for Marine Biodiversity & Biotechnology, Institute of Life and Earth Sciences, Heriot-Watt 

University, Edinburgh, EH14 4AS, Scotland 
2IUT Génie Biologique, Université de La Rochelle, France 

A.R.Lyndon@hw.ac.uk 

 

Labyrinthulid protozoans are a relatively little-studied group of eukaryotic unicells which live 

within “labyrinths” made up of extracellular unit membrane “tunnels”.  They are of interest 

because species of labyrinthulid have been implicated in both seagrass wasting disease and 

rapid blight disease (of terrestrial turf grasses).  In both instances, the diseases are associated 

with elevated salt in the environment.  A question arises as to the origins of halophilic 

pathogens of grasses, and a possible answer lies in saltmarsh habitats.  This work sampled 

saltmarshes around the Forth estuary and Firth to answer the question of whether 

labyrinthulids occur here, and, if so, whether they represent potential pathogens which might 

pose problems for salinified terrestrial habitats, including agricultural systems.  The results 

indicate for the first time that labyrinthuids are present in saltmarshes, and that at least some 

isolates are pathogenic to terrestrial grasses and are probably distinct both from hitherto 

characterised Labyrinthula terrestris (rapid blight) species, and from L. zosterae (wasting 

disease). 
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The Bothkennar Pools are a unique wetlands habitat with both freshwater and saline lagoons. 

They are two inland lagoons that are thought to have been formed by mine-related 

subsidence. As part of the Geological Observatory Forth (GoForth) project, we aimed to test 

the extent and timing of mine related subsidence in the area. The underlying geology of the 

area is Carboniferous-aged Lower Coal Measures Formation overlain by glacial till and post-

glacial estuarine clay, silt and sand. The superficial sediments in the area are over 50 m thick. 

BGS records indicate five worked coal seams in the region that vary from the top of bedrock 

to 300 m below the surface. This work aimed to investigate if there is a link between mine 

workings 50 m below the land surface and the formation of the Bothkennar Pools.  

A new 3D geological model of the shallow subsurface using boreholes held by BGS was 

created to understand the shape of key surfaces including the top of bedrock and the top of 

the glacial till. To investigate the extent that these surfaces had been influenced by mine-

related subsidence an array of geophysical techniques were deployed, including passive 

seismic, geophysical tomography, electromagnetism survey and multichannel analysis of 

surface waves (MASW). In addition, LiDAR data was used to assess in detail the impact of 

subsidence on the local topography. The shallow geophysics allow us to constrain the location 

of key geological features such a major igneous dyke cutting across the area and the shape 

and depth of the top of rock and till surfaces. The high-resolution LiDAR data provided a 

constraint on the impact of subsidence on the topography.  

The new geological and geophysical data shows a much a wider extent of potential 

abandoned mine-related subsidence than previously thought. The shape of the surface 

expression of this subsidence is likely to have been strongly controlled by both the underlying 

bedrock and the thick superficial sediment cover. East-west running faults and dyke across 

the area stand proud, suggesting potential fault reactivation driven subsidence. The thick 

superficial sediments are likely to have also constrained the extent of subsidence, resulting in 

a steeper angle of draw. The maximum subsidence displacement is approximately 2 m, which 

is significantly less than would be expected with multiple worked seams, this dampening of 

subsidence is likely to be a consequence of the thick superficial cover. Typically, this type of 

fault-controlled subsidence occurs during mining and shortly after, therefore it is unlikely that 

subsidence is ongoing but further work aims to test this. This case study is an excellent 

example of the influence of geological controls on abandoned mine-related subsidence, and 

in addition, the impact of that these processes have on coastal wetland habitats.  
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Knowledge of the cumulative effects of multiple stressors on coastal ecosystems are limited. 

Most stressor combinations haven’t been tested, and still fewer studies consider other factors 

which may influence interactions, such as exposure duration, stressor ordering, seasonality, 

biomass, and the addition of a third (or more) stressors. Intertidal microphytobenthic (MPB) 

biofilms can produce more than 50% of the primary production in estuarine systems, and 

these diverse assemblages are exposed to rapidly changing conditions and anthropogenic 

pressures. As such they make ideal model systems to study the singular effects and 

interactions of multiple stressors. Through the production of extracellular polymeric 

substances (EPS), the presence of MPB can biogenically stabilise sediments and support a 

productive habitat associated with ecosystem functions and services such as nutrient cycling, 

coastal defence, xenobiotic interception and carbon fixation. The provisioning of these 

functions is closely associated with the condition of the microbial assemblages. This study will 

investigate how the order of stressor application and the initial MPB biomass influence 

cumulative stressor effects and the nature of interactions.   
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An instrumented seabed frame was used to investigate coastal turbidity and other variables 

approximately 1 km off-shore of the Tweed Estuary. Near-bed currents, conductivity, 

temperature and turbidity were measured using burst-mode sampling. Near-surface 

instrumentation was employed to measure temperature and salinity in the upper water 

column. Tidal currents were predominantly along-shore and semidiurnal. Strong wave activity 

occurred during the deployment period that was associated with the strongest wind speeds. 

Smallest wave activity occurred several hours after winds had subsided. The RMS wave 

velocities showed strongest variability with the wind field. Larger surface waves led to larger 

near-bed turbidity. Strong fluctuations in near-bed turbidity occurred during high freshwater 

inflows to the coastal waters in the Tweed’s plume. Grain-size analysis of surficial bed 

sediment samples from the seabed-frame’s measurement site was undertaken. Aerial images 

of surface temperatures in the coastal zone and measurements of water-column temperature 

and salinity from a boat survey illustrated the behaviour of the Tweed’s plume during LW and 

the early-to-mid flood. 
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Many estuaries exhibit an estuarine turbidity maximum (ETM) in their upper reaches and a 
comparison of observed turbidity in numerous estuaries shows that both ETM magnitude and 
estuarine residence times are strongly related both to tidal range at the estuary’s mouth and 
tidal length. A comparison of surveyed spring-tide turbidity in the estuaries of the Forth, 
Tweed, Clyde and Solway Firth is given. For the Forth upper-estuary survey, depths were less 
than 25 m, salinity was less than 32 and a strong ETM occurred in the very low-salinity region 
with a depth-averaged concentration of 414 mg l-1 at high-water. In the upper 30 km of the 
Clyde, surveyed salinity was less than 30 and an ETM of several mg l-1 occurred in low salinity 
waters, close to the tidal limit. A survey of the upper Esk Estuary of the Solway Firth showed 
SPM concentrations in excess of 300 mg l-1. The Tweed exhibited only a very slight maximum 
in turbidity of 9.4 mg l-1 in its low salinity, upper reaches, compared with 8.6 mg l-1 in the 
freshwater inflows and < 5 mg l-1 in the North Sea waters at its mouth. These data are 
interpreted and compared with the available published observations of turbidity for Scottish 
estuaries. 
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Coastal landscape development along the North Sea and the history of occupation result from 

sea level fluctuations and the consequences for human activity. Forests occurred as far north 

as the Dogger Bank and beyond when large parts of the southern North Sea were dry. By the 

Neolithic period, the North Sea transgression resulted in a coastline corresponding to that of 

today. In subsequent regression phases rocky shores and marshes emerged along estuaries 

and coasts. Salt marshes provide both habitats for shorebirds and waterfowl, and serve for 

phytoremediation and coastal protection. However, seasonality affects their services due to 

loss of aboveground biomass during winter. To the contrary, lignified biomass remains active 

regardless of the season. We studied the effects of juvenile floodplain willows on current 

velocities in the flume. Spacing and seasonality determined the effects: flow velocity was most 

reduced directly behind the vegetation; willows reduced flow velocities particularly in the 

dormant stage due to enhanced canopy permeability but simultaneously maintained shoot 

flexibility; white willows reduced the flow primarily within the vegetation but basket willows 

attenuated leeside. Field studies on mature willows and experiments on juvenile plants 

showed: Salinity tolerance up to oligohaline conditions (ECSS 2014); the tidal flooding 

tolerance at least up to 60 cm (ESCO 2016); germination and anchorage ability of willow seeds 

in the intertidal (ECSS 2016);willow occurrence at estuarine sites up to 60 cm below mean 

high water and tolerance to twice daily flooding along estuarine upstream stretch 

(ECOHYDRO 2018); bending capacity in tidal flooding and oligohaline conditions (Freshwater 

Biology 2019).  

 

To conclude: integrating both willow species in “living sea walls” in tidal wetlands is 
possible and may contribute to nature-based flood defence by willow belt plantations 
in both riverine and tidal wetlands, and along coasts high in the intertidal. Willow 
belts may be planted or willow forests should be restored at protected sites as a 
supplement to technical coastal defence integrating conservation issues and 
ecosystem services. Before applying large scale willow plantations in managed 
realignment more research is needed. I suggest to investigate the effect of short time 
harsh salt pulses and physical disturbance corresponding to storm surge field 
conditions in the winter; justifiable, since willow forests also increase biodiversity, 
serve as wetland woods as carbon sinks, for phytoremediation and as fish nursery.               
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