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Overview 
 

The Pastaza-Marañón Foreland Basin of northern Peru 

is the largest peatland area in Amazonia and an 

important carbon store (3.14 Gt) [Draper et al. 2014]. 

Unlike peatlands throughout much of the tropics that 

are threatened by land use-change, (e.g., palm oil 

plantations), this peatland network is one of few intact 

tropical peatlands, where we can study carbon 

dynamics and biogeochemical interactions in 

undisturbed peats. Vegetation and microbes in peat are 

inherently linked to the hydrological and environmental 

changes and understanding these dynamics in the 

present will help us to track ecosystem and carbon flux 

changes in the past. 

 

Pollen and organic molecules preserved in peatlands 

can act as proxy indicators for past vegetation and 

environmental conditions. Pollen analysis of peat cores 

obtained in Peruvian Amazonia by K. Roucoux and her 

students have demonstrated their potential to record 

the developmental history of these ecosystems over 

the last three thousand years in considerable temporal 

detail [Roucoux et al. 2013; Lawson et al. 2014]. 

Preliminary analyses by J. Toney’s research group 

suggest that microbial and vegetation biomarkers 

complement these findings and add discreet 

information about the function of microbes in these 

changing ecosystems, especially with respect to CH4 

production, consumption and efflux. The overall aim 

of this PhD project is to develop biomarker tools 

for use in intact, lowland tropical peatlands to 

improve our understanding of the controls on peat 

formation and carbon storage, and their sensitivity 

to climatic and hydrological changes. Our 

interpretations are currently limited by lack of direct 

evidence of how modern carbon cycle dynamics and 

vegetation functional types influence the signal that is 

recorded by the microbial and vegetation biomarkers. 

Thus, the first aim of this project is to quantify the 

microbial and vegetation biomarker relationships for 

these ecosystems through statistical analysis of plot-

based ecological census and surface covariance data.  

 

 
 

Studies of biomarkers in boreal peatlands have shown 

that they can provide information on a number of 

additional variables of peatland function, such as the 

origin of the carbon stored or water-table depth [e.g., 

Pancost et al. 2002; Nichols et al. 2006]. Recent pilot 

work by J. Toney suggests that methane efflux, another 

variable critical to understanding carbon cycling in 

peatlands, can also be estimated using biomarkers. 

However, very few studies have so far investigated 

biomarkers in lowland tropical peatlands [Tareq et al. 

2003], and none in Amazonia where peats are non-

sphagnum-based. Thus, the second aim of this project 

is to develop biomarker proxies for hydroperiod 

characteristics, methane efflux and peat composition 

using samples and data (e.g. new water-table 

monitoring, and existing methane efflux measurements) 
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collected from our census plots. The development of 

these novel biogeochemical indicators in combination 

with the existing past ecological conditions will enhance 

our understanding of tropical peatland function by 

enabling detailed quantification of their long-term 

dynamics and sensitivity. 

 

 
 

A network of permanent (0.5 ha) vegetation census 

plots is already in place across several peatland sites 

spanning a range of peat-forming vegetation types. 

Pollen records exist for several sites, and methane 

efflux measurements exist for three sites, with a flux 

tower now installed at one of them. The student would 

join an ongoing research programme, with logistical 

framework in place but with sufficient flexibility in the 

details of project design for them to make the project 

their own. The project will involve fieldwork in Peru to 

carry out biomarker sampling in existing plots and 

establish new plots, install water-table monitoring at 

selected sites, and collect surface samples for 

biomarker analysis. Laboratory analysis will be carried 

out in Glasgow. 

 

 

Methodology 
 

Environmental Sample Collection 
The project will initially utilise existing data that are 

archived at the UofSA and UofG. These data analyses 

will be used to guide biomarker sampling across a 

spatial network of ecological plots in Peru, including 

samples of surficial peat, plant leaves, and river water.  

The PhD student and supervisory team will work 

together to define the scope of the project and fill 

knowledge gaps related to the carbon biogeochemical 

cycles in lowland tropical peatlands.  
 

Environmental Statistics  
In this project, the PhD student will initially investigate 

existing environmental datasets from the site to 

determine significant covariance among parameters 

that will guide the selection of biomarker samples for 

analysis. Environmental data collection and skills 

development, including field sampling, plant 

identification, and biomarker sample collection will be 

conducted through the supervisory team at the UofSA 

and UofG. 
 

Biomarker Sample Preparation  
Samples for biomarker analysis within the project will 

be processed using standard protocols in the 

Biomarkers of Environmental and Climate Science 

(BECS) laboratory, which is well equipped with state-

of-the-art instrumentation including an Accelerated 

Solvent Extractor that automates lipid extraction, Gas 

Chromatographs with flame ionising, mass spec 

detectors that allow for biomarker separation, 

quantification, and hydrogen and carbon isotope 

analysis. 
 

Contextualising the Broader Significance  
Opportunities for stakeholder engagement exist with 

our colleagues at the Instituto de Investicaciones de la 

Amazonia Peruana (IIAP) in Iquitos, and through 

contacts at Peruvian and international NGOs already 

involved in work on peatland sustainable resource 

management and ecological protection. The student 

will work with representatives of these organisations 

to consider appropriate pathways to impact for his/her 

work. An opportunity for academic impact exists 

through our links with two groups of carbon cycle 

modellers who are working to incorporate tropical 

peatlands into models of the global carbon cycle. Data 

generated through this project will be of use in 

parameterising these models [e.g. Frolking et al. 2010 

and Kleinen et al. 2012]. 
 

Academic and Organisational Placements  
PhD students within the BECS research group have all 

had successful research placements with collaborators 

in at various academic (e.g., Hong Kong University, 

University of Granada) and other research 

organisations (e.g., Natural History Museum,  London). 

The PhD student on this project will explore similar 

placements depending on his/her interests and career 

trajectory. This opportunity will allow the PhD student 

to gain experience working in both academic and 

research institute environments, as well as, with policy-

facing organisations. 

 
 

Timeline 
 

Year 1 – Advanced Environmental Stats & AI: 

Sept to Dec 2019:  

-Literature review, supervisory meetings/guidance and 

techniques training. 

Jan to June 2020: 

-Processing, analysis, and synthesis of existing data. 

-Development of field sampling strategy. 

Summer 2020: 



 

  

-Synthesis of Year 1 achievements and co-production 

of thesis progression and outlining to strategise the 

research focus and outputs. 
 

Year 2 – Environmental Sampling: 

Sept 2020 to April 2021: 

-Field campaign, environmental sample collection, 

biomarker analysis. 

May to Nov 2021: 

-Data analysis and synthesis with current literature. 
 

Year 3 – Data Analysis & Thesis Writing: 

Sept to Dec 2021 (continued): 

-Data analysis and synthesis with current literature, 

including liaising with IIAP and carbon cycle modelers 

to contextualise developing findings. 

Jan to August 2022 

-Time devoted to thesis writing and publications. 
 

Year 3.5 (6 months only) - Oct 2022- April 

2023 

-Time devoted to thesis writing and publications with 

uptake of a 6-month placement as desired. 

 

 

Training & Skills 
 

The PhD student will be fully trained in environmental 

sampling, organic geochemical techniques at UofG and 

UofSA. The PhD student will have the opportunity to 

become a member of a number of collaborative, 

cutting-edge research projects that apply a wide range 

of techniques to modern environmental/ecological and 

palaeoclimate problems and work toward bridging the 

communication between these diverse research 

environments. The student will gain first-hand 

experience working with and thinking about 

stakeholder engagement through his/her links via our 

Peru-based collaborators at IIAP. 
 

Specific skills: 

 Sampling and analysis of plant materials and 

peat sediments 

 Plant identification 

 Organic Geochemistry 

 GC-FID, GC-MS, GC-IRMS 

 Relevant statistical and computing techniques 
 

Professional Transferable Skills: 

A full range of transferable skills training is accessible 

through IAPETUS specific provision and the UofG. 

Example courses include: 

 Media Training 

 Insights to industry 

 Leadership skills 

 Conference skills (e.g., networking, poster and 

oral presentation skills) 

 Grant writing 

 CV workshop 
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