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Abstract
Vertebrates play key roles as seed dispersers, herbivores, and top predators in tropical ecosystems. Therefore, obtaining 
population estimates for these species and understanding the factors that affect them are essential for wildlife management 
since changes in their populations have consequences for entire ecosystems. Vertebrate abundances in tropical forest may be 
related to habitat characteristics, resource seasonality, and human pressure. However, how ecological variables and human 
pressure concurrently influence animal abundances is not well understood. We investigated the associations between the 
number of records of vertebrates (ground-dwelling birds and medium- and large-sized mammals) and habitat features, food 
availability, and human pressure in a sustainable protected area in the Brazilian Amazon of western Pará, Brazil. Our study 
design included the recording of animals at 38 camera trap stations, sampling of environmental variables (canopy cover, leaf 
area index, tree height, and local altitude) and food resources (fruit or prey biomass), and measurement of a hunting pressure 
proxy (distance from human settlements). Our results indicated that groups responded in different ways: omnivorous mam-
mals were affected positively by local altitude, canopy openness, and leaf area index; game birds were affected positively 
by local altitude and leaf area index; ungulates were affected negatively by local altitude and positively by food resources; 
and large rodents were affected only by food resources (positively). In contrast, insectivorous mammals and mesopredators 
were not affected by any variable we tested. Surprisingly, no groups responded to distance from human access, although 
the low number of records of large species, such Tapirus terrestris and Dicotyles tajacu, suggests that the sampled area may 
suffer from significant hunting pressure.

Keywords Poaching · Resource seasonality · Tropical forest · Defaunation · Amazonian wildlife
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SUMMARY

Biodiversity loss is one of the main challenges of our time,1,2 and attempts to address it require a clear un-
derstanding of how ecological communities respond to environmental change across time and space.3,4

While the increasing availability of global databases on ecological communities has advanced our knowledge
of biodiversity sensitivity to environmental changes,5–7 vast areas of the tropics remain understudied.8–11 In
the American tropics, Amazonia stands out as the world’s most diverse rainforest and the primary source of
Neotropical biodiversity,12 but it remains among the least known forests in America and is often underrepre-
sented in biodiversity databases.13–15 To worsen this situation, human-induced modifications16,17 may elim-
inate pieces of the Amazon’s biodiversity puzzle before we can use them to understand how ecological com-
munities are responding. To increase generalization and applicability of biodiversity knowledge,18,19 it is thus
crucial to reduce biases in ecological research, particularly in regions projected to face themost pronounced
environmental changes.We integrate ecological community metadata of 7,694 sampling sites for multiple or-
ganism groups in a machine learning model framework to map the research probability across the Brazilian
Amazonia, while identifying the region’s vulnerability to environmental change. 15%–18% of the most ne-
glected areas in ecological research are expected to experience severe climate or land use changes by
2050. This means that unless we take immediate action, we will not be able to establish their current status,
much less monitor how it is changing and what is being lost.

Current Biology 33, 3495–3504, August 21, 2023 ª 2023 The Authors. Published by Elsevier Inc. 3495
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Long-term standardized ecological 
research in an Amazonian savanna: 
a laboratory under threat

RODRIGO F. FADINI, CARLOS R. BROCARDO, CLARISSA ROSA, SUSAN ARAGÓN, 
ALBERTINA P. LIMA & WILLIAM E. MAGNUSSON

Abstract: A few decades ago, researchers from the National Institute for Amazonian 
Research (INPA) started a pilot study to integrate the ecological studies of several 
organisms using monitoring plots, which then became the embryo for the creation of 
the RAPELD (Rapid Assessments and Long-term Ecological Research) system used by 
the Program for Biodiversity Research (PPBio) and the Long-term ecological research 
site POPA (PELD Western Pará). They installed and maintained permanent plots in an 
Amazonian-savanna patch near to the village of Alter do Chão. Amazonian savannas 
constitute a threatened ecosystem comprising only 6% of the Amazon biome. Most of 
the studies focused on three main long-term ecological research questions, but the site 
was also of importance for other inquiries and for the training of young researchers, 
contributing 71 articles so far and 32 masters and doctorate theses. Here, we present 
the experimental design and results of standardized studies in the savannas and forest 
fragments near Alter do Chão that have been carried out over the years. We discuss the 
future prospects and local threats to the area (e.g. soy crops and land speculation), and 
highlight the need to incorporate Alter do Chão villagers in land-use planning in the 
region.

Key words: Amazonian cerrado, ILTER (International Long-Term Ecological Research Ne-
twork), PELD (Programa de Pesquisas Ecológicas de Longa Duração), multi-taxa.

INTRODUCTION

When Tom Phillips, The Guardian’s Brazil 
correspondent, elected Alter do Chão among 
the ten most beautiful beaches of Brazil in 2009 
(McOwan 2009), he did not anticipate that the 
former peaceful fi shing village would become 
one of the main tourist destinations in the 
Amazon during the following decade. He was 
also unaware that the village had a long history 
of biodiversity research, which had started long 
before his arrival. The studies carried out there 
constitute the oldest Long-Term Ecological 
Research (LTER) site in Amazonian savannas, 
a unique and threatened ecosystem covering 

about 6% of the Amazon (Carvalho & Mustin 
2017).

Alter do Chão is part of an International Long-
Term Ecological Research Network comprising 
approximately 800 research sites, which aims to 
assess long-term changes in ecological patterns 
and processes that cannot be detected in short-
term studies (Mirtl et al. 2018). The Alter do 
Chão region has supported typical savanna tree 
species for about 1.49 Ma (Buzatti et al. 2018), 
with a local landscape relatively stable for at 
least the last 7,000 to 6,000 years (Sanaiotti et al. 
2002), which coincides with the fi rst records of 
people in the region (Maezumi et al. 2018). The 
Alter do Chão LTER investigates the local and 

ARTICLE

Short- and long-term effects of fire and vegetation cover on four
lizard species in Amazonian savannas
E. Souza, A.P. Lima, W.E. Magnusson, R. Kawashita-Ribeiro, R. Fadini, I.R. Ghizoni, Jr., P. Ganança,
and R. Fraga

Abstract: Ecological succession in tropical savannas is limited by seasonal fire, which affects habitat quality. Although fire may
cause negligible or positive effects on animals occupying savannas, most short-term studies (months to a few years) are based on a
single temporal sampling snapshot, and long-term studies (decades) are rare. We sampled four lizard species (Rainbow Whiptail,
Cnemidophorus lemniscatus (Linnaeus, 1758); Striped Whiptail, Kentropyx striata (Daudin, 1802); Grass Anole, Norops auratus Duméril
and Bibron, 1837 = Anolis auratus Daudin, 1802; Amazon Racerunner, Ameiva ameiva (Linnaeus, 1758)) in Amazonian savannas to test
the effects of fire and vegetation cover on lizard densities at two temporal scales. In the short term, we use three sampling snap-
shots to test the effects of fire and vegetation cover on estimated lizard densities over the subsequent 1–5 years. In the long term,
we test the effects of fire and changes in vegetation cover over 21 years on current lizard density differences. In the short term,
species responses were usually consistent with foraging and thermoregulation modes. However, the results were not consistent
among species and years, although the variances in species density explained by year as a random factor were generally low. In
the long term, the main effects of fire and vegetation cover show that lizard densities may change spatially, but not necessarily
temporarily. Wildfire is a natural resource of savannas and apparently have little impact on resident lizards of that ecosystem.

Key words: Amazon Racerunner, Ameiva ameiva, Grass Anole, Norops auratus = Anolis auratus, RainbowWhiptail, Cnemidophorus
lemniscatus, Striped Whiptail, Kentropyx striata, after fire, vegetation, habitat, communities, ecology.

Résumé : La succession écologique dans les savanes tropicales est limitée par les feux saisonniers, qui influent sur la qualité
de l’habitat. Si les effets des feux sur les animaux occupant les savanes peuvent être négligeables ou positifs, la plupart des études
de courte durée (sur quelques mois ou années) reposent sur un seul échantillonnage instantané dans le temps, et les études de
longue durée (sur des décennies) sont rares. Nous avons échantillonné quatre espèces de lézards (lézard coureur galonné,
Cnemidophorus lemniscatus (Linnaeus, 1758); kentropyx strié, Kentropyx striata (Daudin, 1802); anolis doré, Norops auratus Duméril
and Bibron, 1837 = Anolis auratus Daudin, 1802; ameive commun, Ameiva ameiva (Linnaeus, 1758)) dans des savanes amazoniennes
pour vérifier les effets du feu et de la couverture végétale sur les densités de lézards à deux échelles temporelles. Pour le court
terme, nous utilisons trois échantillonnages instantanés pour vérifier les effets du feu et de la couverture végétale sur les den-
sités de lézards estimées au cours des 1 à 5 années subséquentes. Pour le long terme, nous vérifions les effets du feu et des varia-
tions de la couverture végétale pendant 21 ans sur les variations des densités de lézards actuelles. À court terme, les réactions des
espèces concordent généralement avec les modes d’approvisionnement et de thermorégulation. Les résultats ne sont toutefois
pas uniformes d’une espèce et d’une année à l’autre, bien que les variances des densités d’espèces expliquées par l’année comme
facteur aléatoire soient généralement faibles. À long terme, les principaux effets du feu et de la couverture végétale révèlent que
les densités de lézards peuvent varier dans l’espace, mais pas nécessairement dans le temps. Le feu est une ressource naturelle
des savanes et aurait, semble-t-il, peu d’effets sur les lézards résidents dans cet écosystème. [Traduit par la Rédaction]

Mots-clés : ameive commun, Ameiva ameiva, anolis doré, Norops auratus = Anolis auratus, lézard coureur galonné, Cnemidophorus
lemniscatus, kentropyx strié, Kentropyx striata, après un feu, végétation, habitat, communautés, écologie.

Introduction
Savannas are structurally open ecosystems, predominantly

covered by grass, shrubs, and scattered trees (Scholes and Archer
1997). Amazonian savannas may have their origins in remnants
of pre-Andean vegetation cover, paleochannels of rivers and

streams, or humans successively clearing and burning forests
over thousands of years (Clayton 1961; Singh and Geissler 1985).
Regardless of their origins, the environmental stability of tropi-
cal savannas is largely defined by ecological succession limited
by regional interactions between climate and adjacent forest
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