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Background

Willis et al, 2005

Ecological history is important not only to determine the degree of change that 
has occurred from baseline reference conditions, but also the level of 
intervention required to restore an ecosystem that has been modified by human 
impacts to a more naturally functioning state.



Anthropogenic modifications of tropical rainforest

Willis & Birks, 2004



Stability over 12600 years! Intact forest?

Nogué et al, 2009

Guayana Highlands (Venezuela)
MacDicken et al, 2015



How palaeoecological datasets could contribute 
on the discussion about intact forests, and what 
values do they have?  



Determining and mapping changes in amount 
of plant biomass over time

Seppä et al., 2009

Fossil pollen accumulation rates (PAR) can 
provide a useful proxy for past changes in 
plant biomass (Magri, 1994). 

Pinus, Picea and Betula

Comparing variations in current biomass 
(tons ha-1) in Finland with pollen 
abundance as recorded in surface 
samples from lake sediments. 

Results indicated a close 
correspondence between PAR in the 
lakes and the surrounding biomass of 
the population 



Data from Neotoma database



Knowledge gaps-I

How ecosystem processes vary in time?

Understanding how 
loss of resilience are 
influenced by changes 
in ecosystem processes 
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forestUnderstanding the main 
factors that lead to 
intact/degraded forest



Laguna Grande (1250 m), Garajonay np
Nogué et al, 2013

• Ecological responses to climate 
change

• Long-life cycles 
• Introduction and spread of invasive 

species 
• Nutrient enrichment in lake systems
• Defaunation

Slow Ecological process occurring over decadal-
centennial time-scales

Persistence of taxa through periods of 
rapid and significant climate change.



Seda DNA and species richness/composition 
(Sjogren et al 2017)



Invasive species pollen
macrofossils, phytoliths
aDNA, Fungal spores

Defaunation Fungal spores
pollen, ancient DNA

Fires (not Included Pollen, charcoal (mircro-
In presentation) macro-)

tree rings fire scars

Examples of slow ecological processes-palaeoecological 
methods

SEP Method     Relevant for IF

1) Timing of species introduction
2) Rate and pattern of spread
3) Assessment of the impact on native 
ecosystems/degraded systems
4) Native forest taxa persistence

5) Improved taxonomy
6) Impact of dispersal of seeds and other 
ecological process 

7) Determine natural vs. human induced 
fire regimes
8) Determine ecosystem thresholds in 
response to fire
9) Assessing the interaction with other 
anthropogenic disturbances

Adapted from Nogué et al , 2017



Ecological integrity (Criterion C)
A condition that supports intact species 
assemblages and ecological processes 
in their natural state, relative to an 
appropriate historical benchmark, and 
characterised by contiguous natural 
habitat with minimal direct industrial 
anthropogenic disturbance.

Intact ecological community (Criterion 
C)
An ecological community having the 
complete complement of species 
known or expected to occur in a 
particular site or ecosystem, relative to 
a regionally appropriate historical 
benchmark, which will often 
correspond to pre-industrial times. 

Knowledge gaps-II

Baselines



Baselines (or ‘reference’ conditions) are frequently derived 
from historical literature or from palaeoecological studies 
based on biological proxy, fossil or sub-fossil evidence 
(Willis et al, 2010; Gillson et al, 2011).

How ecosystem processes vary in time?



Does the resultant 
vegetation composition 
looked any different?

Is there a global 
acceleration of a 
particular habitat type?

Nogué et al, in prep
de Nascimento et al, 2009

Example of a potential baseline (time units?)



Multiple Baselines

The complexity of managing forest ecosystems 
varies depending on what baseline is used: 

1) a functioning and biodiverse ecosystem
2) a particular cultural landscape 
3) a pre-human forest ecosystem

Nogué et al, 2017



Poor Knights Islands  
(Tawhiti Rahi), New Zealand

Wilmshurst et al, 2013

Prehuman

Māori 
gardening Zone 
of the 
Polynesian era

European zone c. 
the last 190 
years

Example of a multiple baselines (time units?)

Non-metric multidimensional scaling 
(NMS) ordination of pollen samples 



Nogué et al, 2017



How palaeoecological datasets could contribute on the 
discussion about intact forests, and what values do 
they have? 

1) Persistence of taxa through periods of rapid and significant 
climate change/anthropogenic impacts.

2) Providing proxies to track ecological process over time

3) Determining the slow/fast processes that cause switch of 
dynamics over millennial-to-decadal timescales & 
demonstrated how this information can be mapped over 
space and time (Seppä et al, 2009) to support sustainable 
natural resource planning. 

4) Multipe baselines to help incorporating time units in the 
intact forest framework
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