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ÅThe Ecochange project is designed to address issues 

central to Sustainable Development Policy Goal 7 of 

the Millennium development goals: to improve 

knowledge in support of the effective management 

that is essential to preserve and enhance ecosystem 

services 

ÅIt contributes to the aims of the Convention on 

Biodiversity, Habitats Directive, and Natura 2000 

network: to maintain valued sites for their biodiversity 

within a context of human activities and ensure the 

free migration of species across the landscape.  

 

1. Relation of Ecochange research 

to EU policy 



 

2. Aims of A2 work 

 

 1) Develop a novel approach to recording plant 

species presence using DNA 

 

2) Obtain long-term perspectives on the nature 

and dynamics of plant communities (e.g., 

diversity, niche stability through time) to 

inform modelling efforts 

  - Includes palaeoecological approaches 



Key A2 contributions 

ÅWe have developed an approach to 

assessing plant diversity in terrestrial and 

aquatic ecosystems indirectly, based on the 

DNA present in substrates such as soil and 

lake sediments 

 

ÅInitially developed for cold regions, we have 

shown the method is also applicable in 

temperate and tropical ecosystems 



ÅThe approach can be used to address 

questions across a range of temporal and 

spatial scalesé. 

    é..and we can work at scales that are not 

addressed by conventional monitoring 

techniques to produce 

 

ïAn estimate of local/regional species presence 

integrated over several years to several decades 

ïComposition and dynamics of ancient plant 

communities over many millennia during periods 

of climatic change and stability 



Species seldom occupy all suitable space because of 

competition with other species, human disturbance, etc. 

Thus a species range observed today may not reflect all 

potential climate space it can occupy. 

In the past, 

competition and 

other factors 

differed from today. 

We compared past  

distributions of 

species (from  

palaeoecological  

data) with 

simulations 

of past climate.  Map shows estimated range of climatic 

tolerance is expanded when based on past as 

well as present distributions  

Beech (Fagus 

sylvatica) 



Fagus distribution for B1 future scenario 

When this information is used in ecological models to 

assess response to projected future climate, suitable 

climate areas are shifted. Fagus loses suitable area 

overall (less red on map), but it is a different prognosis 

than that using the modern range alone as a basis for 

modelling (not shown) 

Note that some areas 

shown as suitable will 

be under agriculture 

or other land uses in 

the future -- as today, 

or with changed land 

use 



4. DNA meta-barcoding 

methodology 

ÅBarcoding sensu strictu identifies individual 

plant species from a standard DNA fragment 

ï uses material collected from live plants 

 

ÅMeta-barcoding uses the most useful 

available DNA fragment to identify to the best 

taxonomic resolution possible ï a constraint 

for DNA derived from soil/sediment 



Meta-barcode catalogue of arctic plants 



Combined with pioneering techniques for 

extracting DNA from soil ï first used for 

ancient, frozen soil in Siberia 



Leads to a DNA-based biodiversity assessment 

Can be applied to modern soils, ancient 

soils, lake sediments, etc. 

Uses recent technical advances 

in laboratory and data analysis 



5. Testing relationships between soil 

DNA and vegetation : first results 
 

ÅDo locally growing roots and above-ground 

material incorporated into soil contribute most 

of the plant DNA found in soils? 

 

 

ÅWe assessed the method in different 

ecosystems in north Norway, Spitzbergen, 

France and French Guyana 

 



Comparison of soil DNA with 

above-ground species 

at Varanger, Northern Norway 



Results were encouraging: 

 

ÅDifferent modern plant communities were 

distinguished by soil DNA 

 

ÅModern plant lists and DNA lists were similar, 

and there were few DNA false positives (i.e. 

plant species that do not occur in the area) 

 

ÅBiomass of modern vegetation could be related 

to abundance of DNA from soil 



Above ground analysis DNA-based soil analysis 
Avenella flexuosa Bistorta vivipara 

Viola 

biflora 

Anthoxanthum nipponicum 

Alchemilla sp. 

Poa sp. 

Salix sp. 

Taraxacum sp. 

Carex sp. 

Deschampsia sp. 

Calamagrostris sp. 
Rumex sp. 

Festuca sp. 

Equisetum sp. 



Temperate Site 
French Alps 

A sequence of abandoned 

agricultural terraces is 

compared with plots that 

were never cultivated 



This study tested persistence of DNA and 

source area of DNA 

 

ÅNo crop DNA found in uncultivated plots 

 

ÅCrop-plant DNA present in cultivated plots 

 

ÅAbundance of crop DNA declined with time 

since abandonment of terrace, reflecting 

gradual breakdown of DNA is soil. 



6. Potential applications and 

uptake 

The innovations developed by the A2 

research can be applied in a number of 

ways: 

 

Åforensic-style investigations of 

landscape and ecosystem history to 

reveal past human impacts and past 

natural changes 

 

 



ÅA2 work contributes to the 

understanding of ecosystem trajectories 

through time and to the improvement of 

models ï including those taking human 

impact into account ï that are critical to 

effective  habitat management and 

conservation planning 

 



ÅOf particular promise is the new DNA 

methodology that can fill a critical gap in 

scientific knowledge needed to sustain 

ecological systems in the face of climate 

change: a new tool for biodiversity 

surveying and monitoringðparticularly 

for initial rapid scoping surveys in 

understudied regions and for areas that 

have undergone major changes due to 

human impact.  

 
 

 



ÅAt this time, the meta-barcoding work is 

still in development 

ÅIt is currently being extended to other 

groups of organisms and further tested 

by Ecochange partners 

ÅApplications are likely to be available 

within the next year or two, and as these 

are developed we plan meetings with 

stakeholders (e.g., conservation and 

land managers) interested in both 

aquatic and terrestrial ecosystems. 

 

 



Thank you for 

your attention 


