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Overview 

 
Within the terrestrial biosphere, the northern 

peatlands are the most important terrestrial carbon 

(C) store: Gorham (1991) has estimated that 20-30% 

of the global terrestrial carbon is held in just 3% of the 

land area, i.e. the peatlands. The very existence of 

peatlands relies on the fate of organic matter and hence 

the carbon budget is a statement of the ecosystem’s 

future and the estimation of C budgets has been a 

common research target (e.g. Rowson et al., 2010). The 

contemporary carbon budget is considered as the sum 

of measurements of the ongoing fluxes of all carbon 

species in and out of the peat ecosystem and complete 

contemporary carbon budgets of peatlands are now 

common (e.g. Nilsson et al., 2008). If carbon is 

accumulating in peat soils, then the other elements in 

organic matter must also be accumulating, including 

nitrogen (Worrall et al. (2012); organic oxygen 

(Worrall et al., 2016a); and phosphorus (Worrall et al., 

2016b) and these elemental budgets have been well 

characterised for catchments such as Moor House, 

upper Teesdale (Figure 1). However, even these 

detailed studies deal in bulk compositions.  For 

example, primary productivity is viewed as 

sequestering CO2 from the atmosphere but, of course, 

it sequesters it to glucose which is then transformed 

through metabolic cycles and combined with nutrients 

to build the components of plants - lignin, 

carbohydrates (cellulose and hemicellulose), proteins,  

and lipids. It is this organic matter that is transformed 

back to CO2 through root respiration, falls as litter, or  

is released as plant exudates into the soil pores. It is 

the litter or exudates that then transform to soil 

organic matter and this transformation favours certain 

macromolecules.  

 

Figure 1. The project’s main study site: the Trout Beck 

catchment in the Moor House National Nature Reserve. 

 

 
 

While contemporary carbon budgets have been one 

step forward in understanding the accumulation, or 

not, of organic matter that is so vital to terrestrial 

storage of atmospheric gases. we should also really 

consider the fate and behaviour of the organic 

molecules (not just as the element-carbon) that are 

created and then move through the peatland 

ecosystem into long-term storage or release. The 

analogy here is that we would never understand the 

health and growth of an animal based on the amount of 

carbon it needs but rather we would consider the 

proportion of fats, protein, carbohydrate etc required. 

So likewise we need to think about how a peatland 

processes the macromolecules that it produces. By 

limiting our thinking to individual element budgets (C, 

N, O etc) we limit how we can predict the future of 

carbon storage in how we transfer results from one 

peatland to another. Because the macromolecular 

composition of the most important plant functional 

groups is known or can be readily measured. Once 

file://///stevens.mds.ad.dur.ac.uk/share_iapetus/Operations/Studentships/IAPETUS2/2019%20Competition/1%20Projects/Durham/(https:/www.dur.ac.uk/earth.sciences/staff/academic/%3fid=386
http://www.ncl.ac.uk/ceg/role/profile/neilgray.html#background
http://www.ncl.ac.uk/ceg/staff/profile/geoff.abbott


 

  

peatland carbon budgets are known in terms of plant 

functional groups then models can be regionalised 

across the UK.  

 

Therefore, the aim of this project is to build models of 

the storage of carbon based on the actual forms that 

carbon takes as it transfers into and through peatlands 

and specifically: 

i) Create a stoichiometric budget of the peatland by 

combining existing elemental and energy budgets; 

ii) Develop a budget of peatland based on 

macromolecules. 

iii) Model a peatland carbon budget based on plant 

functional groups.  

 

The approach of the project is to consider the flows 

and fluxes of organic matter and the reservoirs of 

organic matter that exist within a peatland (Figure 2). 

 

Figure 2. The Schematic diagram of organic matter pools 

and fluxes considered by this study. 

 

 
The problem of the project is that once organic matter 

is released from biomass as litter there are 3 different 

pathways by which it can be processed into long term 

storage, these are production of CO2, CH4 or 

dissolved organic carbon (DOC). These 3 pathways 

have very different consequences for greenhouse gas 

or water quality. Therefore, a critical task in the project 

is to understand why a particular degradation pathway 

occurs? The difference between these 3 pathways is the 

difference between redox processes and so the choice 

of reduction processes is fundamental to the storage of 

carbon and limiting the release of greenhouse gases.  

 
Methodology 
 

The project will utilise peatland sites where elemental 

and mass budgets already exist, and therefore 

molecular measurements can made from the start of 

the project because the context of the measurements 

is already available. The field sites will be Moor House, 

upper Teesdale, where there is a long record of carbon 

and nitrogen budgets and the collection of budgetary 

information is ongoing. To test findings from Moor 

House a second site has been chosen (Cors 

Erddreiniog, Anglesey) where, as with Moor House, 

there is ongoing carbon flux measurement but the site 

is a lowland raised bog where current research shows 

that the redox profile is distinct from that at Moor 

House. Each organic matter flux and reservoir (Figure 

2) will be characterised for its composition. The 

characterisation will be a wide range of techniques that 

will target major questions: 

a) Sulphur content – while C, H, N, O and P have been 

considered the elemental S budget has not yet been 

considered for any study sites and that is critical to 

constrain the possible redox reactions as an alternative 

to reduction of organic matter and the production of 

CH4: 

b) Macromolecular composition – for each organic 

matter reservoirs and fluxes shown in Figure 2 will be 

measured. Preferred methodology will be 

thermogravimetric analysis and TMAH 

thermochemolysis as these consider whole rather than 

extracted samples. However, other techniques are also 

available including solid state NMR and pyrolysis GC-

MS. 

c) Characterising redox options – within the redox 

reactions available for a peatland there are both 

inorganic and organic terminal electron acceptors 

(TEAs) but organic TEAs are rarely if ever 

characterised. 

d) Assessing what redox pathways are actually being 

used. Using 16S rRNA phylogenetic analysis based on 

next generation sequencing technologies it is possible 

to infer the relative dominance of sulphate reducing 

bacteria over methanogenic or nitrate reducing 

bacteria. 

e) Test results – the findings from above can be tested 

on a second field site which, a priori, has been selected 

for a different apparent redox profile from the Moor 

House site.  

f) Model results – the models can be combined with 

plant functional group models such as those developed 

by Armstrong et al. (1997). 

 

 
Timeline 
 

Year 1 – compositional analysis of the fluxes and 

reservoirs at Moor House; development of methods 

for assessing which pathways for organic matter 

degradation and storage are being used.   

Year 2 – transition to the second field site after the 

development of methods and observations for Moor 

House 

Year 3/3.5 – development of models and 

regionalisation. 

 



 

  

Training & Skills 
 

The project comes with all the training required for the 

tasks outlined above. In particular, the project will 

develop skills in laboratory analysis and computer 

simulation modelling. The student will benefit from 

training in both Durham and Newcastle Universities. 
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