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Research aims and objectives 

 

Aim: Using an ecohydrological approach, develop an understanding of vegetation change and associated soil 

carbon dynamics across the dominant vegetation transitions occurring within the Sevilleta Long Term 

Ecological Research Site (LTER), New Mexico, USA (sev.lternet.edu). 

 

Objective 1: Use carbon isotope ratios/plant biomarker techniques to develop an understanding of 

vegetation change and sediment (particularly associated carbon) dynamics in response to rainfall 

events.  

 

There remains a lack of quantitative understanding of the biotic-abiotic interactions and resulting, water, 

sediment and carbon fluxes across semi-arid vegetation transitions, particularly in response to rainfall events. 

While models provide a means to develop this understanding, additional field data is required both to 

understand the processes occurring and provide data for model calibration and evaluation. The use of carbon 

isotope ratios and plant biomarkers provides a means to fingerprint sources of eroded sediment, in addition to 

the type of vegetation under which the sediment was formed. Previous research has identified the significant 

potential for using δ13C carbon isotope ratios to develop an understanding of vegetation change and carbon 

dynamics, due to its ability to differentiate between C3 and C4 input vegetation (Turnbull et al. 2008). 

However, Turnbull et al identified the difficulties in using such a technique in these environments where soils 

are not in a steady state, highlighting the need for methodological refinement to derive usable unique 

signatures. 

 

This project will address this using fraction specific analysis of samples, specifically the extraction of n-alkane 

lipid fractions. N-alkanes have been chosen due to their ease of extraction, resistance to degradation and 

because C3 woody species and C4 grass species produce distinctive n-alkane signatures. 

 

Objective 2: Compare and contrast ecosystem structure and function over both grass-to-

creosotebush and grass-to-piñon-juniper transitions. 

 

Previous research has demonstrated the need to adopt an ecohydrological approach to understanding grass to 

woody species transitions. However, many studies and conceptual models addressing these transitions refer 

broadly to grass-to-shrub transitions. It is important to be aware that many sites in transition exhibit a mixture 

of characteristics (Michaelides et al. 2009) and also that different shrub/woody species have different 

characteristics affecting both ecohydrological interactions and carbon dynamics. Therefore, it would be 

erroneous to assume that the characteristics of one end-member species are generic. In order to develop an 

understanding of vegetation transitions occurring in semi-arid environments, it is essential to move beyond 

basing conclusions, on the transition to one vegetation endmember. Specifically in the Sevilleta LTER, there is a 

need to consider the transitions from grass dominated landscapes, to not only creosotebush dominated 

shrubland but also piñon-juniper woodland. 

 

By expanding beyond a one site, one view perspective, this study aims to address both key vegetation 

transitions occurring in the Sevilleta LTER, within a common methodological framework. A key conclusion from 

previous studies over both transitions is that they result in an increased heterogeneity of resources, reinforced 

by a series of feedbacks, particularly, increased bare inter-plant areas and an increased vulnerability to runoff 

and erosion. However, the different vegetation types present over the Sevilleta ecotones can result in different 

ecohydrological interactions, as a result of their physiological characteristics and physical scale. This study will 

characterise the changes in both vegetation and soil properties for both the dominant transitions, followed by 

monitoring of the temporal and spatial variation in fluxes as a result of monsoon rainfall events. 

 

 



 

Justification for research 

 

1. Dryland environments are estimated to cover around 40% of the global land surface, and are home to 

approximately 2.4 billion people  (Okin et al. 2009). Many of these areas have recently experienced 

extensive land degradation (Van Auken 2000, Jackson et al. 2002, Turnbull et al. 2009). In the US 

Southwest (US-SW), degradation over the past 150 years has been characterised by the invasion of 

woody vegetation into areas previously dominated by grasslands. Research suggests that due to the 

potential for catastrophic shifts, these vegetation transitions are often persistent and irreversible. 

2. The research outlined is of major significance to understanding the ecosystem processes occurring in 

the Sevilleta LTER and by inference semi-arid areas both in the US-SW and worldwide. By addressing 

both key vegetation transitions occurring in the Sevilleta LTER within a common methodological 

framework this study will address whether grass-woody species transitions show common 

interactions between biotic and abiotic structure and function. This information in turn will be used to 

evaluate the use of generic conceptual models for representing these grass-woody plant transitions, 

with widespread relevance both to future research frameworks and management strategies. 

3.  Soil erosion is a poorly understood component of the carbon cycle (Lal 2005). With vegetation 

change we tend to see significant increases in runoff and erosion, resulting in the loss of key nutrients 

including carbon from the soil, with implications for carbon sequestration and its resulting local and 

global implications. The use of n-alkane biomarkers and carbon isotope ratios provides a means to 

develop a greater understanding of the spatial redistribution and loss of soil and associated carbon 

over the vegetation transitions occurring within the Sevilleta LTER. Additionally this quantitative data, 

fingerprinting the source of eroded sediment provides a valuable database for the construction and 

calibration of modelling approaches designed to address these transitions. 

 

April 2010 trip to the Sevilleta LTER 

This two week trip to the research site accomplished multiple objectives: 

1. The refurbishment of existing runoff plots over the grass to shrub transition so as to be ready to 

collect results during the summer monsoon season. 

 

(Working at Plot 4 the shrub (creosotebush) vegetation endmember) 

 

 



 

2. The collection of vegetation samples from which to derive biomarker signatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Dominant vegetation types; top-left: black grama, top-right: creosotebush, bottom left: piñon, bottom-right: 

juniper) 

3. The construction of an initial runoff plot in the piñon-juniper woodland endmember 

 

(Transportation of water/sediment collecting tank to piñon-juniper site) 



 

(Construction of runoff plot at piñon-juniper site) 
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