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MADRE DE DIOS 
Peru’s “Capital of Biodiversity”
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Amazon Landscapes, Hydroscapes and Airsheds
transformed by Artisanal Gold Mining
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Deforestation and Forest Degradation Due to Gold Mining in the Peruvian Amazon: 
A 34-Year Perspective
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ASGM related deforestation in MDD related to the price of gold
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ASGM related deforestation in MDD related to the price of gold

 Gold price today = $2404 / oz
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ASGM has been a driver of landscape degradation for more than 
40 years in Madre de Dios
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Deforestation and Forest Degradation Due to Gold Mining in the Peruvian 
Amazon: a 34-Year Perspective
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Source:  Camalan et al 2022, Remote Sensing 

Developed novel AI methods to better characterize the characteristics 
of ASGM mining ponds at scale using remote sensing  

Change Detection of Amazonian Alluvial Gold Mining Sentinel-2 Imagery               
Using Deep Learning

Radar



ASGM landscapes in Madre de Dios are extensive, very disturbed and 
fragmented by mining ponds 

CINCIA 2020. CINCIA Research Brief No. 5 



Source:s  Caballeros et al 2018; Remote Sensing,  CINCIA 2020

Turning Forests to Water 
~ 30% of forests lost to ASGM are converted to mining ponds 



Tipos de Operaciones MinerasMercury dynamics are defined by the
Landscapes and Hydroscapes created by ASGM



releases
185 tons of mercury
per year

source:   Artisanal Gold Council 2018 

Artisanal Gold Mining
In Madre de Dios



76.5 %

76.5 %

Mean: 2.7 ppm; range:  0.1ppm – 34 ppm;
n = 1029; 24 settlements 
US EPA MeHg Reference Human Hair.  (EPA RfC):  1 ppm 

Percent > 1 ppm Hg

source: CAMEP 2013

Human hair mercury levels are elevated 
in Madre de Dios



16

WHO Reference Level 
2.2 ppm

Source: CAMEP 2012

Mercury levels in Indigenous Communities



LAMQA |Laboratorio de Mercurio y Quimica Ambiental 

Build Ana lyt ica l Mercury La bs in t he  Peruvia n Am a zon
Puerto Maldonado 2017  | Iquitos 202 3



Evaluate mercury impact on terrestrial and aquatic ecosystems 
using bioindicator species 

Plankton Macroinvertebrates

Fish Sediments



Mercury levels in ASGM soils varies by mining type:
minimally mechanized > heavily mechanized

CINCIA 2020. CINCIA Research Brief No. 5 



Mercury levels in ASGM soils varies by mining type:
minimally mechanized > heavily mechanized

CINCIA 2020. CINCIA Research Brief No. 5 



Mercury levels in ASGM soils are lower than surrounding
reference forest soils

CINCIA 2019. CINCIA Research Brief Series 

Mercury concentration in ASGM soils by site subclassification

Reference Forest

ASGM sites



Mercury levels in fish from ASGM mining ponds are higher than           
non-ASGM impacted areas, and Hg is being biomagnified

Fish mercury from ASGM sites are higher 
than non-ASGM impacted areas

Mercury is biomagnifying in the food webs in 
ASGM hydroscapes

CINCIA 2089. CINCIA Research Brief Series No. 2 



Gerson et al.  2022, Nature Communications

Amazon forests capture atmospheric mercury emission from 
artisanal gold mining, and bank mercury in forest soils 

Gerson et al.  2022, Ecology



Concentration and distribution of water column total Hg (THg), methyl Hg (MeHg), and percent Hg as MeHg across 
water bodies upstream and downstream of artisanal gold mining in Madre de Dios, Peru.

Mining ponds convert mercury into methylmercury at rates     
5 - 7 times higher than in rivers

Gerson et al.  2020, Science Advances



Insectivorous & piscivorous bat guilds had highest mercury concentrations

Portillo et al 2023, Ecotoxicologyy
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Insectivorous and Piscivorous guilds had highest mercury concentrations
**Observed highest reported Hg value for insectivorous bat - 117 ppm

Proboscis Bat (Rhynchonycteris naso)
Captured adjacent to a ASGM mining pond
117 ppm

Portillo et al 2023, Ecotoxicology  



Mercury and Biodiversity |   CINCIA

cincia.wfu.edu

More recent Hg / Biodiversity studies are reported in:
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