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The benthos plays a key role in carbon flow through Arctic ecosystems, being both an endpoint for much of the 

overlying production and an important food source for higher trophic levels. On Arctic shelves, primary production 

occurs in both pelagic and sympagic (ice-associated) habitats, by phytoplankton and ice algae respectively. Organic 

matter (OM) from both sources has been traced through benthic food webs using biomarkers, highlighting regional 

variability in the quantity of sympagic and pelagic OM utilised by benthos.  

 

In an increasingly ice-free Arctic, it is important to understand the potential change in contribution of sympagic 

OM to benthos caused by primary production regimes shifting due to reduced ice cover. As the Barents Sea – located 

in the Atlantic Arctic, north of Norway – is the region with the most rapidly retreating sea ice of the whole Arctic 

Ocean, but also a site of important fisheries and industrial activities, it is a vital area to understand for better future 

management. We therefore aimed to quantify the relative contributions of sympagic vs pelagic OM in the Barents Sea 

shelf (200 - 400 metres deep) megabenthos across different seasons and durations of seasonal ice cover.   

 

Megabenthos were collected with trawls in the summer and winter of 2018 and 2019 from 10 stations in the 

Barents Sea seasonal ice zone, where ice duration ranged from 0 to 245 days per year. The organisms were categorised 

into feeding guilds: surface deposit feeders, subsurface deposit feeders, suspension feeders, carnivores/scavengers, 

and facultative suspension/surface deposit feeders. We used highly branched isoprenoids – lipid biomarkers produced 

with distinct structures in sea ice and the water column – to estimate ratios of sympagic-to-pelagic OM in 

megabenthos. These biomarkers are particularly useful as they are source-specific, resistant to degradation, and 

produced by diatoms found in pan-Arctic algal communities. 

 

Of 110 samples analysed, we found that the proportion of sympagic OM assimilated ranged from 0.4% to 96% 

and correlated strongly (r2=0.59) with the duration of ice cover. This trend was observed for all feeding guilds other 

than suspension feeders. A longer period of ice cover provides a longer period for sympagic production, which is 

reflected in the OM utilised by the benthos. There was an estimated 9% decrease in the proportion of sympagic OM 

assimilated from summer to winter. This is likely due to the lower availability of sympagic OM in the winter as most 

ice algal production takes place in spring. Our data show that sympagic production can be an important source of OM 

for benthos in the Barents Sea, even though it only accounts for around 25% of annual primary production in the 

northern seasonal ice zone. These results are comparable to similar studies conducted on benthos in the Pacific Arctic, 

suggesting that the role of sympagic OM in benthic food webs is similar in both systems. Both of these are Arctic 

inflow shelves, which are most at risk of all Arctic seas of losing ice cover due to inflowing boreal water masses. 

However, the high variability of sympagic OM within benthos, and high proportion of pelagic OM at lower latitudes, 

suggests that in a future, ice-free scenario, the benthos could be adaptable and feed on pelagic OM.  
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Abstract 

 

High-resolution in-situ measurements and multi-decadal time series of data, in the context of wider scale 

observations, are required to detect any long term changes in coastal ecosystems above the pattern of short term 

variability which characterises such systems. Marine Scotland Science has been conducting environmental 

monitoring in Loch Ewe, a sea loch on the west coast of Scotland, since 1999. A range of oceanographic, 

atmospheric and biological parameters are measured as part of the Scottish Coastal Observatory monitoring 

programme and INTERREG VA COMPASS project, including physical water properties (temperature, salinity, 

current speed and direction, and wave characteristics), meteorological conditions, carbonate chemistry, nutrient 

concentrations and the phyto- and zooplankton community. The temporal resolution of measurements ranges from 

every 10 minutes to weekly. 

 

This study characterises the oceanographic conditions of Loch Ewe, investigating how they vary spatially and 

temporally across the available time series and determining the forcing mechanisms behind this variability. We 

describe tides, residual currents, freshwater input and salinity variability within the loch system. We also 

investigate the meteorological drivers of temperature change within the water column and to which extent wider 

scale phenomena such as the reported recent freshening of the subpolar North Atlantic (Holliday et al., 2020; Wells 

et al., 2022) are observed in our data.  
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Salt marsh habitats require tidal inundation but are generally limited at the seaward edge to elevations above the 

Mean High Water of Neap Tide (MHWN) mark. Prolonged or too frequent tidal inundation will lead to salt 

marsh being replaced by unvegetated intertidal flats or seagrass habitats. With the potential threat to salt marshes 
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due to sea-level rise and an increasing interest in restoring and creating salt marsh for their societal benefits it is 

crucial to be able to accurately assess the hydrological conditions that allow salt marsh to form and persist.   

Using a combination of water level sensors and novel Mini Buoy sensors, we present a summary of monitored 

hydrological conditions at a number of Scottish salt marsh – tidal flat transitions. The data reveal that only very 

few of the monitored Scottish marshes are able to tolerate inundation that is characteristic of MHWN elevations. 

Moreover, tidal inundation at the mean high water mark is markedly seasonal in Scotland. We will further 

demonstrate how the Mini Buoy can be used to assess tidal exchange, for example at a managed realignment site 

post breach, to inform future adaptive management. We will discuss how low-cost hydrologic and hydrodynamic 

monitoring approaches with the Mini Buoy can help to improve intertidal habitat restoration success.  
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Biologically productive regions such as estuaries, even though they only cover a small percentage of the 

world’s oceans, contribute significantly to methane and nitrous oxide emissions. This paper synthesises 

greenhouse gas (GHG) and nutrient data measured in the Clyde estuary to determine the main physical and 

biogeochemical mechanisms that influence GHG sources and sinks, and ultimately lead to high GHG evasion.    

The Clyde estuary, a temperate, urban mesotidal system, is often highly stratified with reduced mixing with a 

high loading of nutrients. The physical processes within the estuary are strongly influenced by river flow and 

tide.   Nitrous oxide (N2O) concentrations can be predicted in both the upper fresh and lower saline layers primarily 

by consideration of: the total dissolved nitrogen concentration, dissolved oxygen saturation and conductivity, with 

denitrification triggered by the lower oxygen conditions, which occur frequently in the lower saline layer.  The 

apparent rapid response of N2O production to increases in dissolved nitrogen concentration implies that most 

nitrogen processing is occurring in the water column despite the low turbidity within this estuary. Methane (CH4) 

concentrations are more variable and show clear differences between the upper fresh and lower saline layers. The 

initial significant increase in methane concentration in the surface layer, after the transition from river to estuary, 

confirms that CH4 generation occurs within the estuary rather than being passed from the river. Methane 

concentrations within the lower saline layer are significantly higher than in the surface layer suggesting generation 

within the bed with the peak CH4 generation occurring where salinities are consistently below 10psu. The 

prolonged low river levels that occurred between June and September 2021, with the resulting saline intrusion into 

the inner estuary, caused a significant suppression of this CH4 generation.   

Understanding these dynamics helps to improve our knowledge of estuarine environments and their potential 

for GHG release to atmosphere.  
  

Acknowledgements  
  

This works was funded by a Natural Environment Research Council (NERC) studentship through the 

IAPETUS Doctoral Training Partnership Grant No.: NE/S007431/1.  

 
 

mailto:albrown52@ceh.ac.uk

