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Swidden cultivation is believed to have significant negative 
impacts on tropical forests. However, there is mounting 
evidence that dynamic, integrated human-natural systems that 
characterize many indigenous societies can enhance 
ecosystem structure and function and lead to an increase the 
frequency of culturally important species without devastating 
ecosystem functioning (refs 1, 2, 3). In a model swidden 
system, we explored how ecosystem enhancement may occur 
if forest clearings are kept to a spatial and temporal scale 
where they do not overwhelm ecosystem dynamics.

DATA ANALYSIS

RESEARCH QUESTION

To assess landscape disturbance, we conducted a supervised land-use 
classification and analyzed the spatial configuration of patches using 
four fragmentation metrics for each sampling region (ref 6). In the 
figure below, we show how edge density varies across land classes, 
and between village catchments and undisturbed forest regions.

We developed a workflow to analyze the relationship 
between landscape fragmentation and biodiversity.

In 2018 and 2019, we conducted fieldwork to collect the data 
required to test whether swidden cultivation can lead to 
ecosystem enhancement:
• FireFLY6 VTOL drone equipped with a 5-band sensor
• 18,000 acre scan (28cm GSD @ 1500 feet altitude)
• GPS land-use survey (n=740)
• Forest inventory fixed-width transects (n=4)

DATA COLLECTION

INTERMEDIATE DISTURBANCE

Fig 1: A discrete disturbance simulation (circles, top) and a Bayesian 

2nd order polynomial model to develop prior expectations about the 

quantitative signature of disturbance.

Fig 2: Composite photomosaicked image generated from ~35,000 

drone photographs captured in 2018. Location of ~650 ground-truth 

sampling locations and four biodiversity plots from a pilot study.

LANDSCAPE FRAGMENTATION

SPECTRAL SPECIES DIVERSITY
Spectral variation in remote sensing images is hypothesized to 
correlate with habitat heterogeneity and species diversity (ref 6). We 
identified spectral species in the remote-sensing data for each 
sampling region using an unsupervised clustering algorithm (ref 5). 
We then calculated spectral species abundance in each land use 
class. Overall, spectral species in recent swidden clearings are more 
abundant than in pastures, and intermediary fallow classes exhibit 
increased diversity during early recruitment, decreasing during 
secondary succession, and then increasing in mature forests.

MODLEING RESULTS

CONCLUSION
Our preliminary modeling results show that spectral species 
diversity peaks at intermediate levels of landscape fragmentation. 
This suggests Q’eqchi’ swidden cultivation in this study area 
disturbs forest at a spatial scale that may not degrade ecosystem 
structure and function and enhances the diversity of canopy tree 
species. This may occur because the scale of disturbance 
encourages niche partitioning that provides enhanced opportunities 
for recruitment of species that dominate in early successional 
stages. Overall, we argue that our study provides evidence that 
Q'eqchi’ Maya swidden cultivation may enhance the tropical forest 
biodiversity at intermediate levels of disturbance. Future work will 
include controlling for spatial autocorrelation in our models and 
validating our findings using forest inventory plots. 

To determine whether swidden disturbances have enhanced the 
local ecosystem, we model the relationship between patch 
fragmentation and effective spectral species diversity using a 
Bayesian 2nd order polynomial model. Overall, three of the four 
fragmentation statistics tested indicated posterior estimates which 
are compatible with our simulation results (see handout). 

We investigate whether the spatial pattern of neotropical forest 
disturbance that results from Q’eqchi’ Maya swidden cultivation 
contains a quantitative signature of ecosystem enhancement.
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Fig 3: Overview of data analysis workflow.

Fig 6: The posterior distribution exhibits a convex shape (top) and coefficient 

estimates (bottom) comparable to simulation in the left column.

exp(shdi) ! log(split) + log(split)2

Fig 5: Supervised classification involved automatic assignment of super-pixels to 

classes using GPS ground-truth data and manual adjustments (e.g., left). 

Fragmentation metrics are calculated for each sampling region and land class (right).

Fig 4: Each pixel in the raster is assigned one of 35 spectral species (e.g, left) 

which vary in abundance across all sampling regions and land classes (right).
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