An isotope dendrochonology approach to understanding the multi-decadal-scale dynamics of forest-savanna boundaries in the tropics

Supervisors: Michael Bird (St. Andrews; mib1@st-andrews.ac.uk), Patrick Meir (Edinburgh; pmeir@staffmail.ed.ac.uk).

Funding for tuition/maintenance: SAGES; costs – overheads on 3 NERC grants, particularly a recently funded NERC consortium grant.

Summary:

A major science question relates to the stability of tropical forests in the face of global climate change. This project will develop multi-decadal records of change in the position of forest-savanna boundaries on three continents from tree-ring isotope proxy records.

Background - Predictions of 21st century change in vegetation and climate suggest a positive feedback between the land surface and the atmosphere: global warming is accelerated by its influence on terrestrial ecosystems with feedbacks in tropical ecosystems of particular importance. Some 21st century ecosystem-climate scenarios for the Amazon predict a large-scale drought-induced change from forest to savanna or grassland, resulting in large losses of carbon dioxide to the atmosphere.

TROBIT (Tropical Biomes in Transition) is a five-year NERC-funded consortium involving researchers from the Universities of Leeds, St. Andrews, Edinburgh, Oxford and Sheffield, the Centre for Ecology and Hydrology, and international partners from Africa, South America and Australia. The central objective of TROBIT is to develop an improved ability to predict current tropical biome distributions, focusing on the historical, current and future dynamics of forest-savanna transitions on three continents. 

Advances in remote sensing mean that changes in the position of forest-savanna ecotones have been directly observable over the last 1-2 decades. However historical observations are limited to sparsely distributed dedicated field plots and to ‘snapshots’ provided by aerial photographs often taken decades apart. Thus there is little information available that can be used to address in detail the timing and rate of change in position of forest-savanna ecotones across the tropics in the past. The studentship we propose will fund a PhD student to join and make use of this multicisplinary consortium as well as contributing to it in a novel way, using emerging understanding and existing analytical capabilities at St Andrews and Edinburgh.

This project:
Recent advances in micro-preparation and analytical techniques mean that it is now possible to develop multi-decadal ‘micro-meteorological’ time-series with monthly resolution from the oxygen and carbon isotope composition of cellulose derived from tree rings. Sub-annual resolution of this approach means that it is possible to resolve a seasonal isotope signal that can be used to provide a precise timescale that is not dependent on the counting of tree-rings (which are not necessarily annual in the tropics). It has been shown that this approach can be used to provide multi-decadal proxy records of local climate and tree-physiological response, thus enabling the exciting possibility of developing multi-decadal proxy records of changes in the position of forest-savanna boundaries. This can be achieved by coring large (old) trees that are on or exist across a modern forest-savanna boundary. We hypothesize that:

(i) the large changes in soil moisture, relative humidity, temperature and light availability that will accompany a change between forest and savanna will induce a readily detectable isotope response in tree-ring cellulose, and therefore

(ii) isotope time-series developed from trees close to the modern boundary will contain a detailed record of shifts in the boundary over the life of the tree. 

The student associated with this project will (i) develop the preparative and analytical techniques required to generate isotope records of seasonal resolution (ii) work with TROBIT staff at well characterized sites in Africa and Australia to collect cores from trees known from other information to have moved through a forest-savanna transition during their lifetime. Comparison with isotope records from trees both well inside the adjacent forest and savanna areas will enable the effects of a climate change signal to be subtracted. The student will be trained in tree physiology, collection of botanical sample and field physiological measurement techniques by Edinburgh supervisors and will receive training in the laboratory chemical techniques required for cellulose isolation and stable-isotope analysis by the St. Andrews supervisor.  The project will make use of and cross-link emerging relevant analytical expertise at both universities, and will harness the expertise and multidisciplinary support available through TROBIT.

Funding details:

This project will piggy-back on the recently announced £1.5 million TROBIT NERC-consortium project (Tropical Biomes in Transition). The additional costs associated with this project are relatively small. We propose funding the field component out of overheads returned to the supervisors from three current large NERC grants (though we will attempt to augment these funds through applications to relevant funding bodies including the Carnegie Trust and through other funding opportunities at Edinburgh University). Given that the student will be responsible for laboratory preparation and analysis, and the general running costs for the St. Andrews isotope lab are covered by existing large NERC grants, the analytical costs reduce to consumables only - these can be found within existing budgets.
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