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Overview 
 

Methane (CH4) is potent greenhouse gas, contributing 

approximately 20% of the radiative forcing from well-

mixed greenhouse gasses. Of the estimated 238-484 

Tg/yr total natural CH4 emissions, the largest source is 

lakes and wetlands. Lake emissions are 

disproportionately high (estimates of 8-73 Tg/yr) 

relative to the total lake area on the landscape (Wik et 

al., 2016). CH4 emissions from high-latitude lakes are 

predicted to increase significantly as a result of 

enhanced warming of high latitudes, the temperature 

dependence of CH4 production in lakes, and the large 

amounts of carbon stored in high-latitude terrestrial 

sediments, which will become available upon thaw to 

CH4 production pathways. As such, the biogeochemical 

cycle of CH4 represents a positive feedback to climate 

warming.  

 

In many northern regions climatic conditions were 

wetter and up to 5°C warmer during the Holocene 

Thermal Maximum (HTM, 11,000-8,000 cal BP) 

compared with the pre-industrial era (Renssen et al., 

2012). If we can understand how CH4 behaved under 

HTM conditions, we will be in a better position to 

anticipate future change.  

 

This project will use stable carbon isotope values 

(δ13C) of invertebrate remains from lake sediment 

cores as a proxy for CH4 concentrations and emissions. 

This indicator for methane availability is based on the 

substantially 13C-depleted carbon of biogenic CH4, 

which is assimilated by methane-oxidizing bacteria 

(MOB), whose biomass becomes extremely 13C-

depleted. Water column-dwelling Daphnia spp. 

(cladoceran crustaceans, or “water fleas”) filter-feed on 

small particles, including algae and bacteria. They are 

able to live and feed near the anoxic-oxic boundary in 

the water column where their diet partly consists of 

MOB biomass. Daphnia that consume MOB 

incorporate the 13C-depleted signature in proportion 

to the relative abundance of MOB in their diet. Daphnia 

ephippia are well preserved and abundant in sediments 

of many lakes, and thus have excellent potential for 

reconstructing past CH4 (van Hardenbroek et al. 2013). 

 

Figure 1: Correlation between measured δ13C values in 

Daphnia remains and methane flux for lakes in Siberia and 

Sweden (van Hardenbroek et al, 2013).  

 

This novel approach has only been attempted on a few 

Holocene records from Alaska, but data from other 

high-latitude regions are urgently required to 

understand the spatial and temporal variability of 

Holocene CH4 emissions from lakes. This project will 

expand the geographical range to arctic Europe, 

specifically Norway and Finland, where several 

sediment sequences are known to cover the complete 

Holocene period since deglaciation. This will 
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substantially increase our understanding of spatial and 

temporal variability of lacustrine CH4 emissions. 

 

This studentship will address the following key research 

questions:  

1. Are the greatest CH4 emissions from lakes 

found during the Holocene Thermal Maximum 

in arctic Norway and Finland? 

2. How closely linked are temperature and lake 

CH4 emissions on Holocene timescales? 

3. Is there a spatial pattern in CH4 emissions from 

lakes and does this pattern change through 

time? 

 
Methodology 
 

The project will use a combination of fieldwork, 

analysis of invertebrate remains, and statistical methods 

to address the research questions. 

 

First, water chemistry, dissolved CH4 for fifteen high-

latitude lakes in Norway and Finland will be measured 

in the field in spring 2020. Surface sediments will be 

collected simultaneously to analyse the δ13C values of 

Daphnia and bulk sediment organic matter. Long 

sediment cores will be taken from three of these lakes 

to analyse change in CH4 cycling on Holocene 

timescales. 

 

Secondly, invertebrate remains will be picked from 

surface sediments; stable isotopes will be measured on 

Daphnia ephippia and on bulk sediment. The 

relationship between Daphnia δ13C values and CH4 

concentrations and fluxes will be compared with 

existing studies to create the best regression model to 

estimate CH4 availability based on Daphnia δ13C values. 

 

Next, sediment cores will be logged, subsampled, and 

AMS 14C dated. Invertebrate remains will be picked out 

and Daphnia ephippia will be analysed for δ13C and past 

CH4 emissions will be estimated using the regression 

model. Chironomid remains will be identified and used 

to create a transfer function-based temperature 

reconstruction.  

 

Finally, records of CH4 cycling and temperature are 

compared through time to see if highest CH4 

availability occurred during the HTM and if spatial 

patterns can be observed. 

 

 

Timeline 
 

Year 1: Literature review, fieldwork in arctic Finland 

and Norway, sample processing. 

Year 2: δ13C analyses of surface and down core 

samples; chironomid identification.  

Year 3: Completing δ13C analyses of down core 

samples and chironomid identification. 

Year 4 (6 months only): Integration of results and 

thesis writing. 

 
Training & Skills 
 

The student will receive training in field sampling 

including CH4 emission measurements, surface 

sediment sampling, and sediment coring. He/she will 

be trained in sample processing for δ13C analysis and 

interpretation of stable isotope data. In addition the 

student will be trained in chironomid identification 

and statistical methods to create chironomid-inferred 

temperature reconstructions. 
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