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Overview 
Instituto de Pesquisa Ambiental da Amazonia 
(IPAM), or Amazon Environmental Research 
Institute, is a non-profit, independent research, 
policy and outreach organization that has 
worked over the past 16 years toward achieving 
sustainable development in the Amazon region 
in a way that reconciles people’s economic 
aspirations and social justice with the 
maintenance of the functional integrity of 
tropical forest landscapes. IPAM used their grant 
from BACP to examine the impact of land use 
changes on wild mammals and freshwater 
biodiversity, and determine how alternative land 
management in soybean plantations could 
reduce these impacts.  
 

Key materials produced 
 

- Powerpoint on evaluating the impacts of 
soybean production on Amazonian 
biodiversity: large mammals as indicators of 
environmental healthHabitat and mammal 
population viability analysis in an Amazonian 
soybean frontier (PhD thesis)  

- Large mammal field guide and pesticide 
booklet for producers (Portuguese) 

- Maps on Potential Large Mammal Habitat, 
Agricultural Suitability, Biodiversity Potential 
and Conservation Risk 

- Alternative Landscape Scenario maps 
- Correlates of land use and freshwater 

community structure in a soybean-producing 
Amazonia landscape (manuscript) 
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IPAM decided to use large mammals as indicators of environmental health in the Xingu River headwaters 
region in northeastern Mato Grosso. They used diurnal transect censuses and automatic camera trapping 
to determine species composition and abundance of mammals in the region. This data was combined with 
Geographic Information System (GIS) and Remote Sense data to create landscape models. They used 
these models to to project land- use/land-cover trends 30 years into the future based on various land use 
scenarios. The scenarios were generated based on assumptions adapted from (1) Brazilian Forest Code, 
(2) the economic-ecological zoning plan developed by the state of Mato Grosso, and (3) business as usual. 
The landscape that resulted in each of these scenarios was analyzed for habitat quantity, quality, degree of 
fragmentation and connectivity. Researchers determined that size of patches of habitat and the distance 
between these patches were the most important determinants of biodiversity conservation, and also 
directly affected by agriculture. Their findings also suggest that if the landscape does not change 
significantly in the future, all 37 species of medium to large mammals found in the region will still have 
viable populations in 100 years. These results were used to produce recommendations for on-farm 
practices that could improve and protect habitat for a variety of species as well as for regional biodiversity 
conservation priorities. A module for producers was created to communicate the findings of the project. 
The module includes a list of the mammals identified in the region with pictures of the animals and their 
footprints that producers can use to identify mammals on their property.  
 
IPAM also collected extensive data on biophysical factors (slopes, topography, soil types, and hydrologic 
networks) and factors of human influence (roads and other critical infrastructure, population centers, and 
major protected areas in the region). This data was used to make maps showing areas of high and low 
suitability for agriculture and large mammal habitat, and how these areas overlapped. The maps were 
used to identify areas that were completely unsuitable for agricultural activites, still occupied by forest or 
cerrado vegetation, and suitable for large mammals in the region. It is recommended that these areas be 
the target of programs or initiatives to create new protected areas or to assist landowners in maintaining 
private forest reserves. They also identified areas that had been previously cleared but are potentially 
suitable for large mammals and highly unsuitable for agricultural activities. It is recommended that these 
areas be reforested (using the native complement of species, if possible) to restore habitat for large 
mammals.  
 
A second aspect of IPAM's work looked at the consequences of land use on aquatic communities. Field 
surveys were conducted on replicas of natural water bodies distributed across a gradient of environmental 
degradation comprising Amazonian-Cerrado transitional forests, pastures and soybean fields, and 
employing amphibian larvae, predatory aquatic insects and algae as the bioindicator study system. It was 
found that pastures and plantations actually had more amphibian species than forests, most likely due to 
hydrological alterations in the landscape that degraded habitat but created ponds suitable for breeding. By 
contrast, pond predators were almost entirely absent from soybean fields, likely a result of the 
employment of pesticides.  
IPAM compiled a list of all pesticide formulations registered for use in soybean plantations in Brazil 
through AGROFIT (2010), the official, open-access database published by the Brazilian Ministry of 
Agriculture, Livestock and Food Supply. They then constructed a database on 36 physical, chemical, 
toxicological and ecotoxicological variables that influence pesticide fate in the environment, and their 
effects on human health and biodiversity, using a variety of sources. A number of active ingredients that 
are carcinogens, groundwater contaminants, or otherwise toxic were identified. This database provides the 
basis for indication of particularly harmful pesticides for voluntary withdrawal, potential alternatives, and 
future research needs.  
 
The results were used to produce a module for producers, communicating the findings of the project, and 
including a list of priority agrochemicals recommended for voluntary withdrawal, potential alternatives 
available, and recommended better management practices recommendations for on-farm practices that 
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could improve and protect habitat for a variety of species as well as for regional biodiversity conservation 
priorities.  
 
The tools that IPAM has created will not just allow IPAM to advocate for responsible land use and 
pesticide application practices. These tools are accessible by producers and policy- makers as well, and as 
such, can be used to recruit other stakeholders to the campaign to limit the negative effects of soy 
production on biodiversity in Mato Grosso. 

Project objectives 
Focusing on the Xingu River headwaters region in northeastern Mato Grosso, where most of the recent 
soy expansion has taken place, this project will: 

1. Examine the impact of land use changes on 
a. wild mammals (adopting them as indicators of environmental health in agroindustrial 

landscapes), and 
b. freshwater biodiversity (especially with respect to pesticide contamination), and 

2. Determine how alternative land management in soybean plantations could reduce these impacts. 
 

Major steps taken  

Component I: Support Activities for an Enabling Environment 
 

Assess and report how land‐use decisions and management practices in soy production landscapes 
influence biodiversity. 
 
Although we still have not estimated the direct influence of different landscape mosaic composition 
(coming in paper soon) on biodiversity, mainly in large mammals, the level of connectivity and forest 
patch size are the most important factors on biodiversity conservation and are direct consequences of 
opening up areas for agriculture. In the studied region, the forest cover is still around 60% of the total 
land, relatively well connected and with just few small blocks of forest in the vicinity of Querencia town. 
Our results showed that all expected species of medium to large mammals inhabits the region and those 
species population are viable for the next 100 years if regional landscape pattern and composition do not 
change.  
 
To keep this positive scenario it will be necessary to stimulate a regional agreement with local 
government (prefeituras), rural association and the civil society, once the decision of just one property 
could impact the function and dynamic of all region and completely change the carrying capacity of the 
local forest to still keep all species and its viability. 
 
Other important point is the opportunity that the project gave to participate more intensively on RTRS 
meetings. Initially presenting our research and discuss the results directly with the audience and later with 
the opportunity to be member of the RTRS executive board, where the coordinator have had the 
opportunity to put on the table directly the results of our research with decision makers in this group. 
  
Component II: Support Better Production 
 

Develop, test and scale up the adoption of better management practices that have direct and indirect 
positive impacts for biodiversity 
 
One of the most important contributions for the market transformation for soy is the estimation of the 
total pesticide ´footprint´ to freshwater organisms [based on actual application data over time] (see 
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Schiesari et al. 2013. Philosophical Transactions of the Royal Society). This estimate showed that as 
soybean production is intensified there is a very strong increase in the overall toxicity of pesticides to 
freshwater organisms *even if producers select pesticide formulations that are less hazardous to human 
and environmental health*. This appears to occur both because of increased dosage over time and because 
there is little correlation in the toxicity of a compound across organisms (i.e., a pesticide that is less toxic 
to mammals may be more toxic to zooplankton). This *reinforces the importance of protecting the 
riparian buffer zone around streams and wetlands*. Whether the width of the buffer zone currently 
defined by law (and adopted by RTRS as a standard) is enough to protect freshwater systems remains to 
be investigated. Using the data gathered in our database, there are mathematical tools already available to 
investigate this question, and there are experienced research groups that could accomplish this goal 
(including groups that are looking for opportunities for collaborating with us). We strongly suggest BACP 
to open opportunities for investigations of this kind in a second round of funding. 
 
Component III: Support 
Increased Demand for 
Products with More 
Positive Biodiversity 
Impacts 
 

Develop and adopt feasible 
and quantifiable biodiversity 
indicators and tracking 
protocols 
 

We observed that model 
freshwater habitats in 
soybean fields were depleted 
of aquatic insect predators 
(all: dragonfly naiads, beetle 
larvae, and water bugs). The 
result is very consistent 
among ponds and among 
years, as preliminary data 
already indicated. This is 
likely a result of the effect 
of pesticides, especially 
insecticides – we believe 
this is the case (i) not only 
because insecticides are 
poisons deliberately 
designed to kill insects; but 
also because (ii) ponds formed in fields before sowing or after harvesting tend to have insects, but ponds 
formed in field during the soybean cycle tend not; and (iii) ponds in pastures are structurally very similar 
to those in soybean fields and yet have very high densities and biomass of insects. Insects as a group 
therefore appear to be good bioindicators of contamination and could be used to assess contamination 
away from soybean fields (for example by aerial drift).  
 
Surprisingly, we found several species of amphibians in soybean fields (important to mention is that they 
are all generalistic, open area species; not specialist, sensitive, forest species). This occurred both because 
there is far more ponds in transformed landscapes (see below) and because species found are probably 
robust against contamination. Therefore, amphibians as a group can be considered sensitive indicators of 
hydrological changes in the landscape and therefore, at least for the seasonal areas covered with cerrado 
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and transitional cerrado/Amazonian forests – which dominate the area occupied by soybean in Brazil 
today – indicators not of habitat integrity, but of habitat degradation (of course there may be sensitive 
species, but there is no question that land conversion increased the biomass of amphibians in the area).  

Key results 
Sub-project A 
 
Objective A1) All original wild medium to large sized mammals still inhabit the region. 
 
A total of 37 species of medium to large size mammals were confirmed to this region. This number is 
more than expected, once two species was not included in all Mammal dataset available.  
 

 
 
Objective A2) If the landscape does not change significantly in the future, all mammal populations will be 
preserved in the region. 
 
Although we estimated the population viability for only 2 species (Tapir and Capuchin monkey), the 
results showed a very positive probability of having viable population in the next 100 years. While tapir is 
a species of large, slow development, few offspring and using areas of plantations intensively, Capuchin 
monkey is a species of social life (group/troop), high resilience, but cannot cross large deforested areas 
(plantations). The combination of those characteristics turns our analysis much more robust and reliable. 

 
Objective A3) It is possible to combine industrial agriculture and biodiversity conservation in  
Amazonia. 
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Population viability analysis showed that if the landscape not change significantly it is possible to keep all 
original species and in a viable number of individuals. At the same time, there is an awareness by the 
local rural producers on the importance of adopting good agriculture practices, maintaining riparian forest 
that protect streams and to promote forest connectivity. The combination of these two factors are the most 
relevant to assume that the future of this region, it kept the current standards or even with small changes 
and planned, can firstly demonstrate that it is possible to combine economic activity and biodiversity 
conservation in the Amazon region. 
 
Sub-project B 

 
Objective B1) 
 
In this theoretical approach, the risk of all chemical pesticides registered for use in Brazilian soybean 
production to biodiversity was characterized based on a comprehensive, fate and effect targeted data-
survey. One hundred and thirty seven active ingredients were found in over 400 formulated products 
registered for use in soybean plantations in Brazil. These included 43 active ingredients registered as 
herbicides, 4 as growth regulators, 29 as fungicides, 52 as insecticides (some of which further categorized 
as formicides, termiticides, acaricides and nematicides), and 3 pheromones.  
 
No compounds were included in the UNEP List of Persistent Organic Pollutants (except for the 
insecticide endosulfan, which was later included). The fungicide thiram, and the insecticides 
methamidophos and methyl parathion are listed as banned or severely restricted in the Rotterdam 
Convention implementing the Prior Informed Consent procedure. Two compounds are included in the 
Pesticide Action Network (PAN) list of priority concern named ´The Dirty Dozen´ (methyl parathion, 
paraquat dichloride). Forty-six active ingredients are included in PAN´s list of ´Bad Actors´, a list 
including substances that are highly toxic in acute exposure, neurotoxic (cholinesterase activity 
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inhibitors), probable or known carcinogens, known groundwater contaminants, and/or of known 
reproductive or developmental toxicity. Three are known groundwater contaminants and 42 considered 
potential groundwater contaminants. 
 

 
 

There was a wide diversity of physical, chemical and toxicological properties in the active ingredients 
registered for application in soybean plantations in Brazil. Focusing on effects of priority concern, no 
compounds are known carcinogens according to the UN IARC, although chlorothalonil is listed as a 
´possible carcinogen´. The Pesticide Action Network uses a more conservative (i.e. more health 
protective) ranking of carcinogens than the UN IARC. PAN lists diuron and MSMA (as well as some 
fractions of mineral oils used in preparing the tank mixtures) as known carcinogens; and acetochlor, 
alachlor, diclofop-methyl lactofen, captan, chlorothalonil and thiodicarb as known carcinogens using the 
California Proposition 65 or the US EPA TRI List, which do not recognize different carcinogenic 
potencies. The growth regulator ethephon and the insecticides acephate, carbosulfan, chlorpyrifos,  
fenitrothion, malathion, methamidophos, methomyl, parathion-methyl, profenofos, prothiofos, thiodicarb, 
triazophos are acethyl cholinesterase inhibitors and therefore neurotoxic. The herbicides acetochlor, 
alachlor, metribuzin, and trifluralin; the fungicides fenarimol and thiram; and the insecticides bifenthrin, 
deltamethrin, fenitrothion, and lambda cyhalothrin are known endocrine disruptors (CAT 1).  
 
Objective B2) 
 
In this observational approach, the consequences of land use on model aquatic communities was 
characterized by field surveys in replicated natural water bodies distributed across a gradient of 
environmental degradation comprising (i) Amazonian-Cerrado transitional forests (the expected no or 
lowest impact condition), to (ii) pastures and (iii) soybean fields (the expected highest impact condition), 
and employing amphibian larvae, predatory aquatic insects and algae as the bioindicator study system. 
Land use had a strong and not always intuitive effect on prey (tadpoles) and predator (predatory aquatic 
insects) faunas. Tadpoles were found throughout the rainy season in ponds in all types of land use; 
surprisingly, they were never abundant or diverse in the forest. In pastures tadpoles were consistently 
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more frequent, more abundant and more diverse (in terms of mean richness per pond) than in any other 
form of land use. Tadpoles in soybean fields were frequent in the mid to late rainy season, but never as 
abundant as in pastures.  

 

 
 

Calling surveys of adult frogs confirmed this pattern: there were more frogs (in terms of richness and 
abundance) in pastures and soybean fields than in forests. This happened because of hydrological 
alterations in the landscape: stream segmentation by damming increased the frequency of lentic, i.e., still 
water habitats in lowlands; such habitat alteration resulted in a net increase in breeding amphibian species 
because most species of amphibians breed in lentic waterbodies and not in lotic (i.e. running water) 
waterbodies. In turn, land conversion steeply increased the density of temporary waterbodies in upland 
pastures and soybean fields. Infiltration rates are very high and rainwater quickly disappears in forest soils 
in the region. Therefore no ponds or puddles are found in forested plateaus in the region. In turn, ranchers 
deliberately construct cacimbas (rainwater-collecting depressions) in pastures for cattle watering, and 
machinery traffic in soybean fields compacts the soil creating opportunity for water accumulation. These 
interventions dramatically increase the availability of lentic waterbodies in transformed landscapes, and 
habitat availability is a well-known constraint on species distributions.  
 
It is important to notice that most calling amphibians in the region are generalistic, open-area species and 
that even in forests, species heard calling were more typical of open areas. That is, the species that are 
benefited by land conversion are all generalistic open-area species, not specialist species. In turn, 
predators were consistently wiped out from soybean fields. This is likely a result of the employment of 
pesticides, particularly insecticides – an average 2,5 kg of insecticide formulations containing at least 
thirteen active ingredients was applied per hectare in the soy cycle of 2008/2009 in Fazenda Tanguro. 
Their frequent and simultaneous occurrence in analogous habitats found in pastures, which are similarly 
degraded in terms of structure, strengthens the hypothesis that pesticide management could be an 
important driver of invertebrate deletion in soybean landscapes.  
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In conclusion, this study indicated a 
strong signal of land use and land 
management on pond communities. 
Within this context, most amphibians 
could be considered sensitive 
indicators of hydrological changes in 
the landscape and therefore, at least 
for the seasonal areas covered with 
cerrado and transitional 
cerrado/Amazonian forests–which 
dominate the area occupied by 
soybean in Brazil today–indicators 
not of habitat integrity, but of habitat 
degradation. In contrast, due to their 
sensitivity to land management, 
insect predators are good indicators 
of land management–and very likely 
of pesticide application–in 

transformed landscapes. 
 
Objective B3) 
 
Specific Objective B3 proposed to test the hypothesis ´that pesticide application in soybean fields 
potentially penetrates adjoining legal forest preserves and riparian forests through drift and runoff, 
contaminating water bodies in protected forests away from plantations´. This Objective would be 
addressed by a landscape-level field experiment in which we would construct replicated artificial ponds in 
the soybean fields, at the forest edge, and inside the forest, let them fill with rainwater, and use them for a 
transplant experiments of frog larvae in enclosures. The frog larvae would be used as passive 
bioaccumulators and would be chemically analyzed for pesticide and metal residues by the end of the 
experiment. Unfortunately, Grupo AMaggi did not grant permission for digging artificial ponds, arguing 
that construction of artificial ponds in the soybean fields and in their margins (i.e. at the forest edge) 
would represent a potential risk to their machinery and to the safety of the operators. In addition, in 
conversation with AMaggi staff January 
2011, it became apparent that Grupo 
AMaggi would not change or adequate its 
mode of pesticide application exclusively 
to allow the development of our scientific 
research (which aimed secondarily to 
compare drift from aerial vs ground 
application – a question we were 
interested in but already warned in the 
proposal would depend on Grupo 
AMaggi´s willingness to be flexible in the 
mode of application of pesticides, or a 
subset of them). These reactions were 
surprising, considering that the 
experimental protocols were presented to 
Grupo AMaggi prior to the application to 
BACP´s funds and, of course, that Grupo 
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AMaggi co-signed the project. As a consequence, we requested the deletion of Specific Objective B3 to 
BACP Committee and its deletion was approved.  
 

Project impact 
We believe the project was very successful. We brought some important results from a very intensive 
field work, that demonstrate a more positive analysis of the opportunity to develop landscape where we 
could combine economic activity and biodiversity conservation.  So, for the first time it was described a 
scenario where an increase on the human quality of local life (from an agriculture activity – soybeans) is 
followed by a sustainable impact on the local biodiversity (keeping original species occurrence and viable 
populations). 
 
We also coupled database work compiling authoritative information on the fate and effect of 400+ 
pesticides employed in soybean in Brazil with actual on-site application data and comprehensive 
freshwater biodiversity assessment. There are already important messages learned from our project and 
other will likely emerge as data are analyzed further. 

Challenges and barriers 
Twice during the implementation and development of the project, the project coordinator broke their leg. 
This medical issue caused some delays. In addition, objectives B3 depended critically on Grupo Maggi´s 
granting permission to build artificial ponds. They did not grant this permission. 

Lessons learned 
Design and planning 
As our project was composed by two distinct studies (mammals and pesticides) with totally different 
methodology, maybe it could be a better strategy to submit as two independent projects. Working directly 
with Grupo AMaggi and Aliança da Terrato design and mostly to planning our research was extremely 
important. AMaggi allowed us to carry out preliminary field tests and provided us with some important 
information about land use history and pesticides use. Aliança da Terra made easier to convince farmer to 
open their properties to our research. As the pressure on farmers in topic related to environment, some of 
them are quite worry to have biologist working in their land. 
 
In terms of research design for subproject A (mammals) it would be appropriate to develop and test a new 
biodiversity monitoring system for large areas (based in SIG). Although to develop this kind of 
mechanism we would need to generate much more information than proposed in this project. 

 
Implementation and delivery 
Some of deliverables proposed were not easy to be submitted on time. I was totally wrong to include a 
PhD thesis as a deliverable. Even if this deliverable were reviewed and reconsidered to be submitted in a 
simplest way, this process took a long time and resulted in a long delay in submit deliverable 4. 
 
Development results 
All estimated analysis were done, except on the mammal populations analysis, once we planned to run the 
PVA model for 3 species and it was possible to do it only for 2 species. In my new position at Earth 
Innovation Institute, am developing a sustainability index (SI) to indicate level of sustainability in a 
jurisdiction. Together with other aspects (e.g deforestation, legal compliance, human development index), 
it will incorporate a biodiversity approach, taking into consideration part of the results from subproject A 
(medium-large mammals) such as landscape analysis, mammal abundance, as a biodiversity indicator (to 
estimate local potential for biodiversity conservation). 



11 | P a g e  

 
Also, the research results and personal experience acquired from BACP project is being significantly 
helpful on the discussion about RTRS principles and criteria, mainly about mapping of soybean 
expansion. Currently we are working in a Sustainability Index (describe above) to be proposed as an 
alternative/complementary method to be used in RTRS principle 4.4 (soybean expansion areas). 

 
Project team and partners 
Without AT and Grupo AMaggi support I have no doubts to say that our work would be harder if not 
almost impossible to be implemented. AT introduced us to local farmers and IPAM long term 
collaboration with Grupo AMaggi, open the doors to carry out our research inn other farms of the region. 

 
What worked well? What could be done differently in the future?  
Although the main objectives of the project was to generate scientific based information about impact of 
land use/soybean production on biodiversity in a specific region (academic approach), a strong efforts 
was made to spread the results out, from the producers to the decision making level (traders, government 
and RTRS) and also to the local residents. Even without a specific budget and strategy we worked closely 
to different institution and people to divulgate our results, contributing in several discussions about 
soybean sustainability process by providing new information related to biodiversity.  

Next steps 
Project A 
From the mammal species list and abundance estimated, a very interesting topic to be analyzed in the 
future is to understand how some of those species are using this “new” landscape, once a large number of 
wild species that are frequently observed in the forest were also observed in the soy plantation. This kind 
of information would be extremely important and useful to estimate a more realistic Populations viability 
analysis. 
 
Project B 
We built a comprehensive database on pesticides employed in soybean plantations in Brazil (137 active 
ingredients, 400+ commercial formulations), their physico-chemical properties, and their toxicological 
and ecotoxicological effects of concern. Coupling information indicative of probability of persistence in 
the environment and effects of priority concern we built a preliminary system for ranking pesticides for 
voluntary withdrawal by producers. However, there are more advanced approaches that could provide 
stronger power of inference and finer resolution [and therefore greater probability of adherence and 
support from the productive sector], in particular, that of mathematical modeling in risk assessment, 
adjusted to tropical environmental settings. There are tools already available to this end and there are 
experienced research groups that could accomplish this goal (including groups that are looking for 
opportunities for collaborating with us). We strongly suggest BACP to open opportunities for 
investigations of this kind [and, which could be extended to other crops] in a second round of funding 
before a list of prioritization can be adopted.  
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