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Vertebrate species richness 



Neotropical 
Asian 

What about plants? You can find over 300 species per hectare 

Football: 0.62-0.82 

Baseball: 0.83-1.12 

Gentry, A.H. (1988). Tree species richness of upper Amazonian forests. Proceedings of the 
National Academy of Sciences, 85, 156. 



Species richness in Amazonia (per 100 km2 area) 

Bass, M.S., et al. (2010). Global conservation significance of Ecuador's Yasuní National 
Park. PloS one, 5, e8767. 



Saatchi, S.S., et al. (2011). Benchmark map of forest carbon stocks in tropical regions 
across three continents. Proceedings of the National Academy of Sciences, 108, 9899. 

Besides its incredible diversity, Amazonia is also a large 
contributor to global carbon stocks 



Species abundance is linked to the 
carbon storage potential in Amazonia 

Fauset, S., et al. (2015). Hyperdominance in Amazonian forest carbon 
cycling. Nature Communications, 6, 6857. 



ter Steege et al. 2013 Science 

If you look at the relative abundances of species in 
Amazonian forest inventory plots… 



227 hyperdominant species 

Hyperdominance in the Amazonian Tree Flora 

ter Steege, H., et al. (2013). Hyperdominance in the 
Amazonian Tree Flora. Science, 342, 1243092. 



Fauset, S., et al. (2015). Hyperdominance in Amazonian forest carbon 
cycling. Nature Communications, 6, 6857. 



What drives these patterns of species 
abundances (and thus patterns of carbon 

cycling)? 

   Long-term evolutionary and ecological processes 
   Stochastic processes 
   Biotic interactions 
   Environmental gradients 
☐ Past human influence/ past disturbances 
 

 

? 
*the focus of this talk! 



Why is it important to look at long-term (100s of 
years) disturbances?  

Amazonian trees 
commonly live several 
hundreds of years 

 

Disturbances prior to the 
observational record could 
have altered successional 
patterns – thus C 
dynamics 

 

Full recovery from past 
disturbances can take 
centuries 



The potential for past disturbances 
was considered minimal for many 
years 
  
Amazonia was a ‘counterfeit 
paradise’ or a ‘virgin wilderness’ 
 
Harsh environmental conditions 
(e.g. poor soils, super-wet 
conditions, fungi, etc) were 
believed to limit societal growth 
and development 

Past human activities as 
mechanisms of 
disturbance? 



Amazonian 
Dark Earths 

 

Clay-rich oxisol 

+N +P 

+Ca +TOC 

Geoglyphs 

(Watling et al. 2017) 

(Glaser et al. 2001) 

This idea held up 
until… 





Levis, C., et al. (2017). Persistent effects of pre-Columbian plant domestication on 
Amazonian forest composition. Science, 355, 925-931. 



But is it definitely because of pre-Columbian influences?  
modern distributions pre-Columbian distributions 

McMichael, C.H., et al. (2017). Comment on “Persistent effects of pre-Columbian 
plant domestication on Amazonian forest composition”. Science, 358. 



Junqueira, A.B., et al. (2017). Response to Comment on “Persistent effects of pre-
Columbian plant domestication on Amazonian forest composition”. Science, 358. 



1541 
Carvajal 

expedition 

terra preta ‘geoglyphs’ large settlements 

A condensed version of Amazonian history… 



1600 - 1850 
European Colonization 

1707 map of Amazonia 1752 map of Bolivia (Llanos) 



1850 - 1920 
Rubber boom 

"The Putumayo, the Devil's Paradise” 
(1912) 



2017 
forest plots 

1541 
Carvajal 

expedition 

1600 - 1850 
European Colonization 

1850 - 1920 
Rubber boom 

pre-Columbian modern 

What about the post-
Columbian influence? 

A condensed version of Amazonian history… 



Approach 

1. Predict the distributions of people during the pre-
Columbian, European colonization, and rubber boom 
era 

2. Examine the distribution of past people in relation to 
forest plot locations 

3. Compare the predicted distributions with 
observations used to estimate the carbon 
sequestration potential of Amazonia 
– aboveground biomass 
– woody productivity rates 
– woody loss rates 
– stem mortality rates 



Where is the evidence for pre-Columbian 
people? 

compiled 
archaeological and 

paleoecological 
datasets 



Generating predictive models of past 
people 

Ecological niche modeling applied to archaeological, 
paleoecological, and historical datasets 



Generating predictive models of past 
people: the pre-Columbian era 

Maximum entropy models 

 

Occurrence points (N = 1677): 

archaeological sites 

paleoecological sites  

 

Environmental predictors (N = 22) :  

climate (WorldClim) 

soils (FAO) 

terrain (SRTM) 

geospatial (distance to river) 



Distributions of people in  the pre-
Columbian era 

McMichael, C.N., (2017). Ancient human disturbances may be skewing our understanding of 
Amazonian forests. Proceedings of the National Academy of Sciences, 114, 522-527. 



Why does this matter? 

Amazonia was long thought to be a carbon sink, but its 
recent carbon storage potential has been declining 

Brienen, R.J.W., et al. (2015). Long-term decline of the 
Amazon carbon sink. Nature, 519, 344-348. 

Baccini, A., et al. (2017). Tropical forests are a net carbon source 
based on aboveground measurements of gain and loss. Science. 



Do observed data reflect forests recovering from past 
disturbances? 

Are we overestimating the carbon storage potential of 
Amazonia? 

Brienen, R.J.W., et al. (2015). Long-term decline of the 
Amazon carbon sink. Nature, 519, 344-348. 

? 



Thank you! 

Twitter: https://twitter.com/crystalmcmic 
Research Gate: https://www.researchgate.net/profile/Crystal_Mcmichael  
Facebook: https://www.facebook.com/crystal.h.mcmichael  
Ecology of the Past: https://ecologyofthepast.info/  
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