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(ATLANTIC-SPATIAL.zip, https://github.com/mauriciovancine/ATLANTIC-SPATIAL). 40 

The summary document (ATLANTIC-SPATIAL.csv) can also be found in the "data" 41 

directory in this same GitHub repository. The complete data set (vector and rasters) is 42 

provided via multiple Zenodo repositories. Please, see Table 7 of the Metadata S1 document 43 

for descriptions of the associated Zenodo files. The data set also can be accessed using the R 44 

package atlanticr (atlanticr.zip, https://mauriciovancine.github.io/atlanticr). 45 

 46 

Introduction 47 

 48 

In ecology, space matters. Space affects the main drivers of biodiversity since it 49 

regulates the underlying processes affecting the distribution and dynamics of species (Fletcher 50 

and Fortin 2018). These ecological processes, such as environmental filtering, biotic 51 

interactions, dispersal, and ecological drift, drive the response of organisms to environmental 52 

factors such as climate, topography, soil types, land use and land cover (LULC), and habitat 53 

connectivity and heterogeneity (Anderle et al. 2022, Messager et al. 2023). Thus, space is a 54 

fundamental component when we consider the rapid effects of climate and LULC changes at 55 

local, regional, and global scales, as well as their widespread consequences for habitat loss and 56 

fragmentation (Jetz et al. 2007, He et al. 2019, Williams and Newbold 2020, Ma et al. 2023, 57 

Gonçalves-Souza et al. 2025a, Zou et al. 2025). Having available geospatial environmental data 58 

is essential to assess the effects of these changes on biodiversity at different spatial and temporal 59 

scales, extents, and grains (e.g., Lima-Ribeiro et al. 2015, Vega et al. 2017, Fick and Hijmans 60 

2017, Souza et al. 2020, Karger et al. 2020, Poggio et al. 2021, Potapov et al. 2022b, 2022a, 61 

Hawker et al. 2022, Hansen et al. 2022, Tang and Werner 2023, Gonçalves-Souza et al. 2025b). 62 

Comprehensive spatial data sets are therefore important to address conservation and restoration 63 

efforts to maintain biodiversity and their ecological processes (Dirzo et al. 2014, He et al. 2015, 64 

Young et al. 2016, Johnson et al. 2017). Ultimately, such data sets would help to unravel 65 

frequent ‘spatial complications’ [i.e., the neglected contribution of space in explaining 66 

ecological processes] (Kareiva 1994) in ecology and other geospatial disciplines. 67 

Habitat loss and fragmentation are currently major threats to biodiversity and ecological 68 

processes worldwide (Fahrig 2003, Haddad et al. 2015, Chase et al. 2020). Landscape 69 

composition and configuration are essential factors determining biodiversity, population 70 

dynamics, species interactions, dispersal, and the functions that biota perform across space 71 

https://github.com/mauriciovancine/ATLANTIC-SPATIAL
https://mauriciovancine.github.io/atlanticr
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(Fahrig 2003, Driscoll et al. 2013, Duflot et al. 2017). Different landscape metrics can be used 72 

as proxies of landscape heterogeneity to predict biodiversity and ecosystem function (Tonetti 73 

et al. 2023). This is especially relevant in fragmented landscapes where natural vegetation 74 

fragments are surrounded by different anthropogenic land cover types (Fischer and 75 

Lindenmayer 2007, Turner and Gardner 2015). Landscape metrics can also be used to identify 76 

priority areas for conservation (Tambosi et al. 2014) and to predict species’ potential 77 

distributions (Fletcher et al. 2016, Riva et al. 2024). Furthermore, these metrics must be 78 

computed considering different scales depending on the phenomenon of interest (Šímová and 79 

Gdulová 2012, Jackson and Fahrig 2015, Miguet et al. 2016, Beale et al. 2025), and the specific 80 

species' functional responses to landscape structure (Mimet et al. 2013, Riva and Nielsen 2020, 81 

Riva and Nielsen 2021, Niebuhr et al. 2023). 82 

The Atlantic Forest of South America is among the global biodiversity hotspots due to 83 

its high species richness and endemism associated with severe habitat loss (Myers et al. 2000, 84 

Sloan et al. 2014). The Atlantic Forest covers almost the entire coast of Brazil and reaches 85 

inland portions of the continent in parts of Paraguay and Argentina, and its vegetation covered 86 

over 1.6 million km2 before the European colonization (Marques et al. 2021). Due to its wide 87 

longitudinal, latitudinal, and altitudinal range, the Atlantic Forest has high environmental 88 

heterogeneity with different vegetation types generated mainly by the rainfall distribution, from 89 

its coast as mangrove and sandy coastal plain vegetation (restinga), passing through humid 90 

forest (dense ombrophilous, open ombrophilous, mixed ombrophilous; ombrophilous—91 

vegetation domain that tolerates or thrives in wet conditions), and dry forest formations 92 

(semideciduous and deciduous seasonal) (Joly et al. 2014). These geographical characteristics, 93 

combined with large topographic variability and paleoecology process of formation, favored 94 

high species diversification rates and endemism (Carnaval et al. 2014, Peres et al. 2020). Fossil 95 

and phylogenetic evidence indicates that the humid-forest system that includes the Atlantic 96 

Forest was established by the Paleocene–Eocene (66–34 Ma) (Burnham and Johnson 2004). 97 

The high diversification rate in the Atlantic Forest is evidenced by its high biodiversity: 98 

it contains almost 18,000 species of plants (Flora e Funga do Brasil 2023); 2,645 species of 99 

Tetrapoda (Figueiredo et al. 2021); around 1,000 species of fish (Reis et al. 2016); 1400 species 100 

of social insects (Feitosa et al. 2021); more than 2,000 species of butterflies (Iserhard et al. 101 

2017); more than 112,000 species of arachnids (Giupponi et al. 2017); and from 3 to 12 million 102 

species of unknown bacteria (Lambais et al. 2006). The Atlantic Forest directly provides 103 
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ecosystem services for >150 million people, such as water provisioning and regulation, 104 

hydroelectric energy generation, food production, pollination, soil protection, climate 105 

regulation, carbon storage, air quality, and cultural services (Joly et al. 2014, Pires et al. 2021). 106 

Much of the Atlantic Forest biodiversity is highly threatened, especially birds (Bonfim et al. 107 

2021), small mammals (Palmeirim et al. 2019), medium and large mammals (Rios et al. 2021b), 108 

and amphibians (Almeida-Gomes and Rocha 2014). Furthermore, ecological processes are also 109 

affected by landscape modifications, such as interaction networks (Marjakangas et al. 2020, 110 

Monteiro et al. 2022), carbon storage (Bello et al. 2015, de Lima et al. 2020, Pyles et al. 2022), 111 

and pollination (Varassin et al. 2021). In addition, other threats to the Atlantic Forest landscapes 112 

include defaunation (Galetti et al. 2017, 2021), the introduction of non-native species (Vitule 113 

et al. 2021), and climate change (Scarano and Ceotto 2015, Vale et al. 2021). 114 

The Atlantic Forest covers the three countries (Argentina, Brazil, and Paraguay) with 115 

the largest deforestation areas in the world between 1982 and 2016 (Song et al. 2018). Thus, 116 

landscape modifications within the Atlantic Forest have caused strong impacts; even though 117 

the current deforestation rates have decreased compared to earlier decades, a series of studies 118 

still shows a warning scenario in terms of habitat loss and fragmentation (de Lima et al. 2020, 119 

2024, Carlucci et al. 2021, Vancine et al. 2024). For example, although the Atlantic Forest has 120 

gained around 1 million hectares in the last 20 years (Vancine et al. 2024), many negative 121 

impacts have occurred, such as illegal deforestation (Amaral et al. 2025), and the pronounced 122 

effect of fires (Adorno et al. 2025). Despite a recent temporal stability of around 28 million 123 

hectares of forest, a considerable part of this forest is made up of the replacement of old native 124 

forests by young forests (Rosa et al. 2021). Furthermore, although recent estimates indicate that 125 

about 23% of forests and 36% of natural vegetation remains in the Atlantic Forest, much of it 126 

is highly fragmented: 97% of fragments are smaller than50 ha, 60% of forests are affected by 127 

edge effects (within 90 m), and vegetation fragments are highly isolated , with an average 128 

distance of 250 to 830 m between then) (Vancine et al. 2024). Moreover, the high density of 129 

linear infrastructure (roads and railways) affects the vegetation remnants—especially the large 130 

ones (>500,000 ha), proving to have a major negative impact on biodiversity (Cassimiro et al. 131 

2023, Vancine et al. 2024). 132 

The Atlantic Forest is one of the most intensely studied biomes in the world. A large 133 

initiative coordinated by Brazilian researchers – ATLANTIC: Data Papers from a biodiversity 134 

hotspot – has compiled hundreds of thousands of records of occurrence and abundance of 135 
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animal and plant species in the Atlantic Forest 136 

(https://esajournals.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1939-137 

9170.AtlanticPapers). Biodiversity data were collected for decades and have been recently 138 

synthesized for the Atlantic Forest in numerous ATLANTIC data papers (Bello et al. 2017, 139 

Bovendorp et al. 2017, Figueiredo et al. 2017, Lima et al. 2017, Muylaert et al. 2017, Gonçalves 140 

et al. 2018a, 2018b, Hasui et al. 2018, Vancine et al. 2018, Santos et al. 2018, Souza et al. 2019, 141 

Culot et al. 2019, Ramos et al. 2019, Rodrigues et al. 2019, Silva et al. 2022, Boscolo et al. 142 

2023, Franceschi et al. 2024).  143 

These biodiversity data sets have provided an unprecedented opportunity for the 144 

assessment of how environmental conditions and species interactions affect biodiversity 145 

patterns from species to assemblages (e.g., Bovendorp et al. 2019, Palmeirim et al. 2019, Rios 146 

et al. 2021a, 2021b, Bonfim et al. 2021). However, at least three elements might limit the 147 

comparison between these studies or the increased use of this data set to answer new questions. 148 

First, such studies rely on a highly variable set of spatial background data, which often differ in 149 

scale and grain, as well as in the source and quality of the data. Second, computing and 150 

preparing spatial data for ecological studies and impact assessments frequently require time and 151 

intensive processing, and the resources for doing that are not always available. Third, even 152 

though other studies have compiled spatial data sets for the entire world (e.g., Branco et al. 153 

2024), these typically make layers available at coarse scales (30 arc-min or ~1 km), which are 154 

generally insufficient to understand fine-scale processes and biodiversity responses to 155 

landscape change. Once this Atlantic Forest spatial data set becomes available, multiple studies 156 

would greatly benefit from having a standardized and ready-to-use set of variables representing 157 

spatial variation in the landscape and human pressures, as has been demonstrated in several 158 

studies (e.g., Bovendorp et al. 2019, Palmeirim et al. 2019, Marjakangas et al. 2020, Santos et 159 

al. 2020, Rios et al. 2021b, 2021a, Bonfim et al. 2021, Monteiro et al. 2022, Anunciação et al. 160 

2023). 161 

We describe and provide a set of spatial data sets for the Atlantic Forest that aims to 162 

foster knowledge-building in ecology and conservation. First, this data set of spatial metrics 163 

can facilitate the performance of biodiversity studies in the Atlantic Forest, allowing for more 164 

standardization and direct comparison, and increasing reproducibility. Second, having ready-165 

to-use layers might facilitate analyses to explore data-relations or understand ecological 166 

questions with fewer resources. Third, the spatial data sets presented here are provided with a 167 

https://esajournals.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1939-9170.AtlanticPapers
https://esajournals.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1939-9170.AtlanticPapers
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fine scale of 30 m, which brings high refinement to the spatial layers and the possibility of 168 

inferences at the scales where biodiversity data are collected. Thus, our aim was to facilitate the 169 

use of these spatial layers in a series of studies, within fields such as landscape ecology (Beca 170 

et al. 2017, Regolin et al. 2017, Marjakangas et al. 2020, Monteiro et al. 2022), species 171 

distribution modeling (SDMs) (Ferro e Silva et al. 2018, Bertassoni et al. 2019, Santos et al. 172 

2020, 2022, Oshima et al. 2021, Tonetti et al. 2022, Riva et al. 2024), spatial prioritization 173 

(Tambosi et al. 2014, Rosa et al. 2021, Iezzi et al. 2022, Tonetti et al. 2024), and habitat 174 

restoration (Melo et al. 2013, Pinto et al. 2014, Zwiener et al. 2017, Lopes et al. 2022, Piffer et 175 

al. 2022, Schweizer et al. 2022, Zupo et al. 2022, Bicudo da Silva et al. 2023).  176 

Here, we present the ATLANTIC SPATIAL data set, where we organize and synthesize 177 

spatial data on land cover and land use, landscape, topographic, hydrological, and 178 

anthropogenic metrics for the entire Atlantic Forest. Making this data set available avoids 179 

complex and computationally demanding geoprocessing steps from having to be re-run and 180 

allows for different biodiversity studies to be more reproducible and potentially comparable, 181 

since they would use the same set of spatial data. We provide several metrics derived from 182 

spatial analyses using different moving window sizes and edge and gap crossing distances, so 183 

that they can be used to evaluate scales of effect on multiple scale analyses (Šímová and 184 

Gdulová 2012, Jackson and Fahrig 2015, Miguet et al. 2016, Niebuhr et al. 2023). These metrics 185 

consider a functional landscape context, which consider specific species' functional responses 186 

to landscape structure (Riva and Nielsen 2020, Riva and Nielsen 2021).  187 

Moving window analysis is a widely used approach in multiscale landscape ecology 188 

studies (Hagen-Zanker 2016). It links each location (in our case, each pixel—picture element) 189 

to landscape patterns in a surrounding window (a square or circular neighborhood, e.g., 3x3 190 

pixels window), with the window size potentially being used to represent the scale of effect in 191 

ecological studies (Šímová and Gdulová 2012, Jackson and Fahrig 2015, Miguet et al. 2016). 192 

Rather than producing a single summary metric, it generates a spatially explicit variable that 193 

captures how landscape structure varies across space, providing a gradient-based perspective 194 

(continuum values) even when working with categorical data (Hagen-Zanker 2016, Koen et al. 195 

2019). Our metrics using this approach represented total habitat amount (Fahrig 2013, Fahrig 196 

2017), habitat amount considering core and edge habitats (Haddad et al. 2015, Willmer et al. 197 

2022, Sun et al. 2025), but also landscape diversity metrics, represented by landscape 198 

heterogeneity indices (Tonetti et al. 2023). Furthermore, considering different core/edge 199 
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distances, we provide a wide variety of metrics that can be used and tested for different 200 

taxonomic groups, since not all species respond to equally to fragmentation or perceive the 201 

same distance within a forest fragment as edge (Harper et al. 2005, Harper and Macdonald 202 

2011, Harper et al. 2024). Finally, by considering multiple values of gap crossing ability—the 203 

ability of an organism to cross a certain distance to another forest fragment through the matrix—204 

we expand the applicability of landscape metrics by associating different dispersal capacities 205 

of organisms with functional connectivity metrics (Bélisle 2005, Awade and Metzger 2008, 206 

Baguette et al. 2013, Hatfield et al. 2018, Diniz et al. 2020). 207 

We hope this information enables the integration of biodiversity and environmental data 208 

for the Atlantic Forest in ecological studies and expect it to be a common reference to be used 209 

as a basis for landscape planning, biodiversity conservation, and forest restoration programs. 210 

Although we recognize the temporal limitation of the data, which were compiled for the years 211 

2020 to 2022, we used the most recent data available when performing the calculations. In 212 

addition, this data set can be highly relevant, since as demonstrated by Vancine et al. (2024), 213 

the landscape structure of the Atlantic Forest has become relatively stable since 2005, with a 214 

small increase in forest vegetation (0.6% or ~1 million hectares). Thus, even future studies or 215 

those using data prior to this date can benefit from the extensive data processing we performed 216 

for this data set. 217 

 218 

  219 
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METADATA 220 

Class I. Data set descriptors 221 

A. Data set identity 222 

Title: ATLANTIC SPATIAL: a data set of landscape, topographic, hydrological and 223 

anthropogenic metrics for the Atlantic Forest. 224 

 225 

B. Data set identification code 226 

ATLANTIC_SPATIAL.csv (note: this is a guide to the 502 raster files (.tif) and one vector of 227 

the Atlantic Forest limit (GeoPackage - .gpkg), datasets that are too large to reproduce as part 228 

of this Data Paper; it is not the data themselves). 229 

 230 

C. Data set description 231 

1. Originators 232 

Maurício Humberto Vancine 233 

Universidade Estadual Paulista (Unesp), Instituto de Biociências, Departamento de 234 

Biodiversidade, Laboratório de Ecologia Espacial e Conservação, Rio Claro, SP, Brazil. 235 

 236 

Bernardo Brandão Niebuhr 237 

Norwegian Institute for Nature Research (NINA), Oslo, Norway. 238 

 239 

Milton Cezar Ribeiro 240 

Universidade Estadual Paulista (Unesp), Instituto de Biociências, Departamento de 241 

Biodiversidade, Laboratório de Ecologia Espacial e Conservação, Rio Claro, SP, Brazil. 242 

 243 

2. Abstract 244 

Space is one of the main drivers of biodiversity, as it regulates the underlying processes 245 

affecting the distribution and dynamics of species and communities. It is a fundamental factor 246 

when we consider the rapid climate and land cover changes at local and global scales, which 247 

are linked to habitat loss and fragmentation and their impacts on various organisms. The 248 

Atlantic Forest of South America is among the global biodiversity hotspots because of its high 249 

species richness and endemism. Most of the threats to the Atlantic Forest biodiversity are due 250 

to the expansion of urbanization and industry, extensive agricultural and livestock production, 251 
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and mining. Here, we make available integrated and fine-scale spatial information (resolution 252 

= 30 m) for the entire extent of the Atlantic Forest extent for the year 2020. The spatial data 253 

consider different vegetation classes (forest and forest plus other non-forest vegetation), effects 254 

of linear structure (roads and railways), and spatial metrics computed at multiple scales (radius 255 

buffer—moving window sizes—from 50 m to 2,500 m and up to 10 km for some metrics). The 256 

entire data set consists of the Atlantic Forest delimitation vector and over 500 rasters, available 257 

through a series of thematically grouped files in multiple Zenodo repositories. It is also possible 258 

to access this data set using the R package atlanticr, which we developed to facilitate the 259 

organization and acquisition of the data from Zenodo. The data set consists of a set of landscape, 260 

topographic, hydrological, and anthropogenic metrics. The landscape metrics were calculated 261 

for two vegetation classes—Forest Vegetation (forest cover classes combined) and Natural 262 

Vegetation (forest and non-forest cover classes combined), and for a heterogeneous, multi-class 263 

classification of the landscape, with 31 land cover classes. The landscape metrics include: 264 

landscape morphology (classification as matrix, core, edge, corridor, branch, stepping stone,, 265 

and perforation), fragment area and proportion, patch area and number of patches, edge and 266 

core areas and proportion, structural and functional connectivity (for different organisms’ gap-267 

crossing capabilities), distance from and to fragment edges, fragment perimeter and perimeter-268 

area ratio, and landscape diversity (heterogeneity). Topographic metrics include: elevation, 269 

slope, aspect, curvatures, and landform elements (peak, ridge, shoulder, spur, slope, hollow, 270 

footslope, valley, pit, and flat). Hydrological metrics comprise potential springs and their kernel 271 

density, and potential streams and their respective distances. Anthropogenic metrics contain the 272 

original maps of roads, railways, protected areas, indigenous territories, and quilombola 273 

territories (Afro-Brazilian traditional communities), and the respective distances to each of 274 

them. This data set can allow efficient integration of biodiversity and spatially explicit data for 275 

the Atlantic Forest in future research and serve as reference and data source for research, 276 

landscape planning, biodiversity conservation, and forest restoration programs. 277 

 278 

D. Keywords 279 

Biodiversity hotspot, habitat loss, habitat fragmentation, land cover, land use, rainforest, raster, 280 

spatial ecology, tropical ecology. 281 

 282 
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Class II. Research origin descriptors  283 

A. Overall project description  284 

1. Identity 285 

A compilation of spatial covariates data of landscape, topographic, hydrological, and 286 

anthropogenic metrics for the entire Atlantic Forest at fine spatial resolution (30 m) for the year 287 

2012 to 2023.  288 

 289 

2. Originators  290 

The ATLANTIC SPATIAL project was coordinated by Maurício H. Vancine and Bernardo B. 291 

Niebuhr at the São Paulo State University (UNESP), and the data set was assembled with help 292 

from all the other authors. This is part of ATLANTIC: Data Papers from a biodiversity 293 

hotspot, which is led by Mauro Galetti and Milton Cezar Ribeiro at the São Paulo State 294 

University (UNESP).  295 

 296 

3. Period of study 297 

Data were processed for the time interval between 2012 and 2022. All landscape metrics were 298 

processed for the year 2020. Topographic, hydrological, and anthropogenic metrics had 299 

temporal variations between 2012 and 2023. 300 

 301 

4. Objectives  302 

The aim of this data paper was to provide a set of spatial covariates comprising landscape, 303 

topographic, hydrological, and anthropogenic metrics for the entire Atlantic Forest at fine 304 

spatial resolution (30 m) for the year 2012 to 2023.  305 

 306 

5. Abstract  307 

Same as above.  308 

 309 

6. Sources of funding 310 

The compilation of this data set was supported by São Paulo Research Foundation (FAPESP) 311 

grants #2022/01899-6 (MVH), #2021/02132-8 (JEFO), #2020/11129-8 (EMZ), Coordenação 312 

de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) grants fellowships 313 

88887.513979/2020-00 and 1588183 (MVH) and Conselho Nacional do Desenvolvimento 314 
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Científico e Tecnológico (CNPq) grants #130909/2020-3 (EMZ). BBN is supported by the 315 

NINA basic funding (Research Council of Norway, Grant #160022/F40). RLM is supported 316 

by an Australian Research Council Australian Laureate Fellowship (FL240100037) funded by 317 

the Australian Government. CHG is a research fellow of the National Council for Scientific 318 

and Technological Development - CNPq (grant #311209/2021-1). MCR was supported by 319 

FAPESP (processes #2013/50421-2, #2020/01779-5, #2021/08322-3, #2021/08534-0, 320 

#2021/10195-0, #2021/10639-5, #2022/10760-1) and CNPq (processes #442147/2020-1, 321 

#440145/2022-8, #402765/2021-4, #313016/2021-6, #440145/2022-8) and São Paulo State 322 

University - UNESP for their financial support. This study was financed in part by CAPES 323 

Brazil – Finance Code 001. This study is also part of the Center for Research on Biodiversity 324 

Dynamics and Climate Change, which is financed by FAPESP. 325 

 326 

B. Specific subproject description 327 

1. Site description 328 

The Atlantic Forest extends from 3ºS to 33ºS, and from 35ºW to 58ºW with ~163 million 329 

hectares, covering coastal and inland portions of Brazil, Argentina, and Paraguay (Marques et 330 

al. 2021, Vancine et al. 2024) (Figure 2). Due to this large extent, the Atlantic Forest 331 

boundaries create important ecotones with other vegetation domains such as Cerrado, 332 

Caatinga, Chaco, and Pampa (Marques et al. 2021, Vancine et al. 2024). The vegetation from 333 

the Atlantic Forest is a complex mosaic composed of five main vegetation types—dense 334 

ombrophilous, open ombrophilous, mixed ombrophilous, semideciduous seasonal, and 335 

deciduous seasonal (Joly et al. 2014). The Atlantic Forest also includes mangroves and coastal 336 

scrub vegetation (Marques et al. 2021, Vancine et al. 2024). Furthermore, there are many 337 

associated ecosystems such as altitude grasslands (called campos rupestres and campos de 338 

altitude), oceanic islands, beaches, rocky shores, dunes, marshes, inland swamps, and 339 

mountain forest (called brejos de altitude) in the Northeast region (Scarano 2002). The main 340 

forest and natural vegetation changes in the Atlantic Forest include the expansion of 341 

urbanization and industry, extensive agricultural and livestock production, and mining (Silva 342 

et al. 2016, Lembi et al. 2020, Carlucci et al. 2021, Lira et al. 2021, Viveiros de Castro et al. 343 

2021). The Atlantic Forest is inhabited by >150 million people, most in urban areas, but also 344 

in rural areas, including indigenous communities, quilombolas (Afro-Brazilian traditional 345 

communities descended from enslaved Africans who resisted slavery) traditional 346 
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communities, and settlements from the Agrarian Reform and from rural social movements 347 

(Joly et al. 2014, Leite 2015, Pires et al. 2021, Viveiros de Castro et al. 2021, Shennan-Farpón 348 

et al. 2022, Benzeev et al. 2023). 349 

 350 

2. Experimental or sampling design 351 

None. 352 

 353 

3. Research methods  354 

Summary of methods 355 

 We summarize the steps for calculating and making available ATLANTIC SPATIAL 356 

metrics, summarized through a flow chart (Figure 1). 357 

 358 

 359 

Figure 1. Conceptual figure summarizing the most important steps to calculate and 360 

make available the ATLANTIC SPATIAL data set. 361 
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 362 

Atlantic Forest delimitation 363 

We used the integrative Atlantic Forest delimitation adapted from Muylaert et al. 364 

(2018) and published in Vancine et al. (2024), a general delimitation encompassing the main 365 

proposed delimitations across several associated ecosystems (Muylaert et al. 2018, Cunha et 366 

al. 2019, Marques et al. 2021). We adapted this delimitation by merging the following 367 

original maps and the most recent ones: 1. the Atlantic Forest delimitation defined by 368 

Brazilian legislation (Federal Decree No. 750/93 and Atlantic Forest Law No. 11,428/2006) 369 

named Atlantic Forest Law by IBGE (2018); 2. the Atlantic Forest limit defined by Da Silva 370 

and Casteleti (2003); 3. the Atlantic Forest delimitation defined by IBGE (2004); 4. the 371 

Atlantic Forest's most recent delimitation defined by IBGE (2019) and; 5. the Atlantic Forest 372 

delimitation defined by Dinerstein et al. (2017) and used in the Ecoregions 2017® 373 

(https://ecoregions.appspot.com).  374 

We adjusted the resulting delimitation for the coastal areas using the Brazilian 375 

territorial delimitation from IBGE (https://www.ibge.gov.br) for 2021, to align the limit 376 

considering the most current delimitations of mangrove, dunes, and sandy coastal plain 377 

vegetation (restinga) (Scarano 2002). The final delimitation has an area total of 162,742,129 378 

ha, that covers 3653 municipalities from 18 Brazilian states (151,470,253 ha, 93.07%), and 379 

parts of Argentina (2,668,855 ha, 1.64%) and Paraguay (8,603,022 ha, 5.29%) (Figure 2).  380 

 381 

https://ecoregions.appspot.com/
https://www.ibge.gov.br/


14 

 382 

Figure 2. Integrative Atlantic Forest delimitation, adapted from Muylaert et al. (2018) 383 

and published in Vancine et al. (2024). Abbreviations are Brazilian states: MA = Maranhão, 384 

PI = Piauí, CE = Ceará, RN = Rio Grande do Norte, PB = Paraíba, PE = Pernambuco, AL = 385 

Alagoas, SE = Sergipe, BA = Bahia, MG = Minas Gerais, ES = Espírito Santo, RJ = Rio de 386 

Janeiro, SP = São Paulo, PR = Paraná, SC = Santa Catarina, RS = Rio Grande do Sul, MS = 387 

Mato Grosso do Sul, MT = Mato Grosso, GO = Goiás, DF = Distrito Federal, and TO = 388 

Tocantins. 389 

 390 

Raster resolution and coordinate system 391 

All geospatial data sets were rasterized with or adjusted to the resolution of 30 m (~1.8 392 

billion cells with values). All rasters were reprojected to Albers Conical Equal Area Brazil 393 

(SIRGAS 2000) (https://brazil-data-cube.github.io/specifications/bdc-projection.html) and are 394 

therefore presented in meters. 395 

 396 

Data set source description 397 

All the sources and descriptions of spatial information used to integrate spatial variables 398 

presented in the ATLANTIC SPATIAL data set are summarized in Table 1. 399 

https://brazil-data-cube.github.io/specifications/bdc-projection.html
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 400 

Table 1. Source and description of ATLANTIC SPATIAL information. 401 

Type of information Institution Description 

Land Use and Land Cover 

(LULC) 

MapBiomas Annual LULC information at 

the 30-m spatial resolution 

from 1985 to 2021, based on 

pixel-based random forest 

classifier of Landsat satellite 

images using Google Earth 

Engine. Only the data set for 

2020 was used in the 

ATLANTIC SPATIAL data 

set. 

 

Source: Souza et al. (2020) 

Site: https://mapbiomas.org 

Date accessed: 01 November 

2022 

https://mapbiomas.org/
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Type of information Institution Description 

Roads and railways Instituto Brasileiro de 

Geografia e Estatística (IBGE) 

  

Instituto Geográfico Nacional 

(IGN) 

 

Instituto Nacional de 

Estadística (INE) 

Continuous Cartographic Base 

of Brazil, 1:250,000, for the 

year 2023.  

Source: Instituto Brasileiro de 

Geografia e Estatística (IBGE) 

Site: https://www.ibge.gov.br 

Date accessed: 01 November 

2022 

 

Catalog of Geographical 

Objects of the Organism and 

forms part of the Institutional 

Geospatial Database, for the 

year 2020. 

Source: Instituto Geográfico 

Nacional (IGN) 

Site: https://www.ign.gob.ar 

Date accessed: 01 November 

2022 

 

Digital Cartography 2012, 

Directorate General of 

Statistics, Surveys, and 

Censuses and is merely 

referential, for the year 2021. 

Source: Instituto Nacional de 

Estadística (INE) 

Site: https://www.ine.gov.py 

Date accessed: 01 November 

2022 

Urban areas MapBiomas  

 

Instituto Geográfico Nacional 

(IGN) 

 

Instituto Nacional de 

Estadística (INE) 

Annual LULC information at 

the 30-m spatial resolution 

from 1985 to 2021, based on 

pixel-based random forest 

classifier of Landsat satellite 

images using Google Earth 

Engine. Only the data set for 

2020 was used in the 

ATLANTIC SPATIAL data 

set. 

Source: Souza et al. (2020) 

Site: https://mapbiomas.org 

Date accessed: 01 November 

2022 

 

https://www.ibge.gov.br/
https://www.ign.gob.ar/
https://mapbiomas.org/
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Type of information Institution Description 

 

Catalog of Geographical 

Objects of the Organism and 

forms part of the Institutional 

Geospatial Database, for the 

year 2021. 

Source: Instituto Geográfico 

Nacional (IGN) 

Site: https://www.ign.gob.ar 

Date accessed: 01 November 

2022 

 

Digital Cartography 2012, 

Directorate General of 

Statistics, Surveys, and 

Censuses and is merely 

referential, for the year 2012 

Source: Instituto Nacional de 

Estadística (INE) 

Site: https://www.ine.gov.py 

Date accessed: 01 November 

2022 

Protected areas Protected Planet Up-to-date and complete 

source of data on protected 

areas and other effective area-

based conservation measures, 

updated monthly with 

submissions from 

governments, non-

governmental organizations, 

landowners, and communities, 

for the year 2022. 

 

Source: Protected Planet  

Site: www.protectedplanet.net 

Date accessed: 01 November 

2022 

 

Indigenous territories  Fundação Nacional dos Povos 

Indígenas (FUNAI) 

 

Tierras Indígenas 

Official indigenist body of the 

Brazilian State, which 

promotes studies of 

identification, delimitation, 

demarcation, land 

regularization, and registration 

https://www.ign.gob.ar/
https://www.ine.gov.py/
http://www.protectedplanet.net/
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Type of information Institution Description 

of lands occupied by 

indigenous peoples, in addition 

to monitoring and inspecting 

indigenous lands, for the year 

2022. 

Source: Fundação Nacional 

dos Povos Indígenas (FUNAI) 

Site: 

https://www.gov.br/funai/pt-br 

Date accessed: 01 November 

2022 

 

Interactive online platform that 

provides accurate maps and 

critical information on the 

lands and territories of 

indigenous peoples and 

communities in Paraguay, for 

the year 2022. 

Source: Tierras Indígenas 

Site: 

https://www.tierrasindigenas.o

rg.py/ 

Date accessed: 01 November 

2022 

Quilombola territories Instituto Nacional de 

Colonização e Reforma 

Agrária (INCRA) 

Brazilian federal agency 

responsible for implementing 

agrarian reform, managing 

public lands, and promoting 

the settlement and 

regularization of land 

ownership in rural areas, for 

the year 2020. 

 

Source: INCRA 

Site: 

https://certificacao.incra.gov.br

/csv_shp/export_shp.py 

Date accessed: 01 November 

2022 

 

Topography Forest and Buildings Removed 

Copernicus DEM (FABDEM) 

v1.2 

Elevation raster map that used 

machine learning to remove 

building and tree height biases 

https://www.gov.br/funai/pt-br
https://www.tierrasindigenas.org.py/
https://www.tierrasindigenas.org.py/
https://certificacao.incra.gov.br/csv_shp/export_shp.py
https://certificacao.incra.gov.br/csv_shp/export_shp.py
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Type of information Institution Description 

from the Copernicus GLO 30 

Digital Elevation Model 

(DEM), for the year 2022. 

 

Source: Hawker et al. (2022) 

Site: 

https://www.fathom.global/pro

duct/fabdem  

Date accessed: 01 November 

2022 

 402 

Land use and land cover data 403 

We compiled Land Use and Land Cover (LULC) maps from MapBiomas Brazil 404 

collection 7 (https://mapbiomas.org) (MapBiomas Project 2022, Souza et al. 2020), and 405 

MapBiomas Bosque Atlántico collection 2 (https://bosqueatlantico.mapbiomas.org) 406 

(MapBiomas Trinational Atlantic Forest Project, Souza et al. 2020). These data sets reconstruct 407 

annual LULC information at the 30-m spatial resolution from 1985 to 2021, based on a pixel-408 

based random forest classifier of Landsat satellite images processed through Google Earth 409 

Engine, and with posterior accuracy of 89.8% for the Atlantic Forest (MapBiomas Project 2022, 410 

Souza et al. 2020). We considered the LULC map for 2020 to provide the most recent data that 411 

included data validation for the previous year (2019) and subsequent year (2021), guaranteeing 412 

better accuracy for the LULC classes, in the period in which we carry out the analyses (between 413 

2022 and 2023).  414 

 415 

https://www.fathom.global/product/fabdem/
https://www.fathom.global/product/fabdem/
https://mapbiomas.org/
https://bosqueatlantico.mapbiomas.org/
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Figure 3. Data frameworks used to 

summarize land use land cover (LULC) 

classes into Atlantic Forest habitat types. (a) 

The LULC classes refer to MapBiomas in the 

Atlantic Forest (Brazil, Argentina, and 

Paraguay). (b) Grouped land cover classes. (c) 

Two vegetation classes were considered as 

habitat to calculate landscape metrics. 

MapBiomas classes are presented in Table 2. 

Abbreviations correspond to Brazilian states 

presented in Figure 2. 
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The LULC map from MapBiomas consists of a map with 31 classes (Table 2; Figure 416 

3a). To calculate the Euclidean distance from land cover class metrics (i.e., values increase from 417 

LULC classes), we grouped these classes into seven broad categories: pasture, temporary crop, 418 

perennial crop, forest plantation, urban areas, mining, and water (Table 2; Figure 3b). For the 419 

landscape metrics, we defined two vegetation classes for analysis: “Forest Vegetation” selecting 420 

the land cover classes of “Forest” (forest formation, mangrove and wooded sandbank 421 

vegetation) and Natural Vegetation”, selecting the land cover classes of “Forest” and “Non-422 

Forest Formation” (forest formation, mangrove, wooded sandbank vegetation, savanna 423 

formation, wetland, grassland, other non-forest formations, salt flat, and herbaceous sandbank 424 

vegetation) (Table 2; Figure 3c). The only exception for landscape metrics was heterogeneity, 425 

for which we used all original 31 classes from the MapBiomas LULC map in the calculation. 426 

 We adopted the terminology (Forest Vegetation and Natural Vegetation) and forest/non-427 

forest classes defined in Vancine et al. (2024). The Atlantic Forest is composed primarily of 428 

forest formations (ombrophilous, semideciduous, and mixed forests), as well as mangroves and 429 

wooded sandbank vegetation (Scarano 2002, Joly et al. 2014). Additional vegetation types, such 430 

as Cerrado/Savanna enclaves and cleared fields, are also present within the biome, especially 431 

when considering an extensive delimitation (Vancine et al. 2024). Analyzing them separately, 432 

however, would be ecologically inconsistent, given the structural and compositional 433 

characteristics of the Atlantic Forest (Costa et al. 2023, Cavarzere and Silveira 2024). While 434 

some focal taxonomic groups are strictly forest-dependent, they may also occur in vegetation 435 

mosaics close to the biome’s boundaries with Cerrado, Pampa, and Caatinga (Costa et al. 2023, 436 

Cavarzere and Silveira 2024). Moreover, non-forest vegetation types are interspersed within 437 

forest areas, substantially altering landscape structure when analyzed jointly and influencing 438 

processes such as edge effects and habitat isolation (see details in Vancine et al. 2024). For this 439 

reason, we computed and provided datasets of metrics based on forest vegetation only, and on 440 

natural vegetation which included non-forest land cover types. 441 

 442 

Table 2. Land use and land cover classes were grouped as land cover classes and 443 

vegetation classes. The Atlantic Forest spatial maps were based on MapBiomas collection 7. 444 

Land use and land cover class = description of the MapBiomas LULC classes; MapBiomas 445 

class code = numeric code of the MapBiomas LULC classes; Grouped land cover classes = 446 

more general classes resulting from the grouping of the LULC classes; Vegetation class = 447 
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vegetation classes resulting from the grouping of the LULC classes for the two vegetation types, 448 

Forest and Natural. Not used represents the classes not used for either grouping. 449 

 450 

Land use and land 

cover class 

MapBiomas class code Grouped land cover 

classes 

Vegetation class 

Not specified 0 Not used Not used 

Forest formation 3 Forest vegetation Forest Vegetation and 

Natural Vegetation 

Savanna formation 4 Natural vegetation Natural Vegetation 

Mangrove 5 Forest vegetation Forest Vegetation and 

Natural vegetation 

Forest plantation 9 Forest plantation Not used 

Wetland 11 Natural vegetation Natural Vegetation 

Grassland 12 Natural vegetation Natural Vegetation 

Other non-forest 

formations 

13 Natural vegetation Natural Vegetation 

Pasture 15 Pasture Not used 

Temporary crop 19 Temporary crop Not used 

Sugar cane 20 Temporary crop Not used 

Mosaic of uses 21 Not used Not used 

Non vegetated area 22 Not used Not used 

Beach, dune and sand 

spot 

23 Not used Not used 

Urban area 24 Urban area Not used 

Other non-vegetated 

areas 

25 Not used Not used 
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Land use and land 

cover class 

MapBiomas class code Grouped land cover 

classes 

Vegetation class 

Rocky outcrop 29 Not used Not used 

Mining 30 Mining Not used 

Aquaculture 31 Not used Not used 

Salt flat 32 Natural vegetation Natural Vegetation 

River, lake and ocean 33 Water Not used 

Perennial crop 36 Perennial crop Not used 

Soybean 39 Temporary crop Not used 

Rice 40 Temporary crop Not used 

Other temporary crops 41 Temporary crop Not used 

Coffee 46 Perennial crop Not used 

Citrus 47 Perennial crop Not used 

Other perennial crops 48 Perennial crop Not used 

Wooded sandbank 

vegetation 

49 Forest vegetation Forest Vegetation and 

Natural Vegetation 

Herbaceous sandbank 

vegetation  

50 Natural vegetation Natural Vegetation 

Cotton 62 Temporary crop Not used 

 451 

We used linear infrastructure (roads and railways) to trim Forest Vegetation and 452 

Natural Vegetation areas overlapping with these structures. This way we avoided 453 

overestimating large fragments, since roads can decrease the connectivity of large patches 454 

(Martinez Pardo et al. 2023) for different taxa (Cassimiro et al. 2023). Road and railway data 455 
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were downloaded from official geospatial databases for the three countries: Brazil (Instituto 456 

Brasileiro de Geografia e Estatística – IBGE; IBGE, 2021; https://www.ibge.gov.br), 457 

Argentina (Instituto Geográfico Nacional – IGN; IGN, 2022; https://www.ign.gob.ar) and 458 

Paraguay (Instituto Nacional de Estadística – INE; INE, 2022; https://www.ine.gov.py). The 459 

data summed 14,072 km of railways and 125,483 km of roads, totaling 139,554 km (Figure 460 

4). We did not find official railway data for Paraguay, so this effect may be underestimated 461 

for this country. For Brazil, we selected paved, operational and constructed roads, and 462 

railways selected by their relative surface position and train section for 2021. For Argentina, 463 

we considered national and provincial paved roads for the year 2021. For Paraguay, we only 464 

considered the main roads for the year 2012, without making a distinction regarding the 465 

paving of roads, since this information was not available. The road and railway layers were 466 

rasterized using a parameter that creates densified lines, i.e., all cells touched by the line were 467 

included as data for rasterization, which implied in more densified lines. This guaranteed that 468 

the roads and railways would trim the fragments. After the lines were rasterized, the roads 469 

covered 528,983 ha (0.33% from the Atlantic Forest delimitation). We trimmed the fragments 470 

of vegetation using the rasterized data generated (Vancine et al. 2024).  471 

 472 

 473 

https://www.ibge.gov.br/
https://www.ign.gob.ar/
https://www.ine.gov.py/
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 474 

Figure 4. Linear infrastructure (roads and railways) network used to trim the forest 475 

vegetation and native vegetation fragments within the Atlantic Forest. Abbreviations 476 

correspond to Brazilian states presented in Figure 2. 477 

 478 

Urban areas for Brazil were selected from MapBiomas. For Argentina, this data set 479 

was downloaded from Instituto Geográfico Nacional (Instituto Geográfico Nacional – IGN, 480 

https://www.ign.gob.ar) and for Paraguay from Instituto Nacional de Estadística (Instituto 481 

Nacional de Estadística – INE, https://www.ine.gov.py) (Figure 5), and covered 2,401,850 ha 482 

(1.48% from the Atlantic Forest limit). 483 

 484 

https://www.ign.gob.ar/
https://www.ine.gov.py/
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 485 

Figure 5. Urban areas within the Atlantic Forest. Abbreviations correspond to Brazilian 486 

states presented in Figure 2. 487 

 488 

Protected areas, indigenous territories, and quilombola territories 489 

The limits of the Protected Areas were downloaded from Protected Planet portal 490 

(UNEP-WCMC and IUCN, 2022, www.protectedplanet.net) for the IUCN categories of 491 

protected areas (“Ia”, “Ib”, “II”, “III” and “IV”), which comprises 986 reserves (4,620,245 ha; 492 

2.84% from the Atlantic Forest limit) (Figure 6a). These IUCN categories encompass the 493 

following protection categories of Argentina (Municipal Nature Park, National Park, Nature 494 

Monument, Private Refuge, Private Wildlife Refuge, Provincial Park, Strict Nature Reserve, 495 

Wilderness Nature Reserve and Wildlife Reserve), Brazil (Area of Relevant Ecological 496 

Interest, Biological Reserve, Ecological Station, Natural Heritage Private Reserve, Natural 497 

Monument, Park, Ramsar Site, Wetland of International Importance, Wildlife Refuge), and 498 

Paraguay (National Park, Natural Private Reserve, Natural Reserve, Scientific Monument and 499 

Scientific Reserve).  500 

Indigenous Territories are lands traditionally occupied by indigenous communities and 501 

ethnic groups, defined as those inhabited by them on a permanent basis; used for their 502 

http://www.protectedplanet.net/
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productive activities; essential to the preservation of the environmental resources necessary 503 

for their well-being; and necessary for their physical and cultural reproduction, being their 504 

uses, customs, and traditions (Benzeev et al. 2023). Indigenous Territories were downloaded 505 

from Fundação Nacional dos Povos Indígenas (Fundação Nacional dos Povos Indígenas, 506 

2020, https://www.gov.br/funai/pt-br) for Brazil, selecting only “Homologated”. For 507 

Paraguay, data were downloaded from Tierras Indígenas (Tierras Indígenas, 2022, 508 

https://www.tierrasindigenas.org.py ). Although we know that there are Indigenous Territories 509 

for the Misiones region in Argentina, after consulting these official data from the Argentine 510 

government (https://www.argentina.gob.ar/interior/inai), these data are not available in vector 511 

format to be able to be used in our analyses, so we do not consider them. Indigenous 512 

Territories data included in total 1023 territories (1,324,973 ha; 0.81% from the Atlantic 513 

Forest limit) (Figure 6b).  514 

Quilombola territories are delimited areas where quilombola communities live, which 515 

are ethnic groups predominantly made up of the rural or urban black population, who define 516 

themselves based on specific relationships with the land, kinship, territory, ancestry, 517 

traditions, and their own cultural practices (Leite 2015). Quilombola Territories were included 518 

only for Brazil and only included the quilombola territories officially recognized. For 519 

Argentina and Paraguay, after searching the official websites of these governments and 520 

NGOs, we found no such data available, despite these countries having populations of African 521 

descent. The limits of the quilombola territories were downloaded from Instituto Nacional de 522 

Colonização e Reforma Agrária (INCRA) 523 

(https://certificacao.incra.gov.br/csv_shp/export_shp.py), which comprise 157 territories 524 

(486,533 ha; 0.30% from the Atlantic Forest limit) (Figure 6c).  525 

 526 

https://www.gov.br/funai/pt-br
https://www.tierrasindigenas.org.py/
https://www.argentina.gob.ar/interior/inai
https://certificacao.incra.gov.br/csv_shp/export_shp.py
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Figure 6. Protected Areas (a), indigenous 

Territories (b), and Quilombola Territories 

within the Atlantic Forest. Abbreviations 

correspond to Brazilian states presented in 

Figure 2. 
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Topography data 527 

Topographic metrics were calculated from FABDEM v1.2 (forest and buildings 528 

removed Copernicus DEM), an elevation raster map that used machine learning to remove 529 

buildings and tree height biases from the Copernicus GLO 30 Digital Elevation Model (DEM) 530 

(Hawker et al. 2022) (Figure 7). 531 

 532 

 533 

Figure 7. Elevation (meters above sea level) from FABDEM v1.2 across the Atlantic 534 

Forest. Abbreviations correspond to Brazilian states presented in Figure 2. 535 

 536 

Software 537 

All the landscape, topographic, hydrological, and anthropogenic metrics were 538 

processed using GRASS GIS 8.3 (Neteler et al. 2012) and R language 4.3 (R Core Team, 539 

2023) with the aid of the rgrass package (Bivand, 2023). GRASS GIS (Geographical 540 

Resources Analysis Support System) is a free and open-source Geographic Information 541 

System (GIS), created around 1985, and in continuous development. It provides over 400 542 

well-documented and peer-reviewed modules for spatial analysis, modeling, and 543 

visualization, and is widely used in academia, business, and public administration. Developed 544 
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by a global community, GRASS GIS runs natively on major operating systems and is 545 

particularly recognized for its applications in environmental modeling. Its architecture is 546 

optimized for handling and processing large volumes of geospatial data, making it particularly 547 

suitable for complex environmental modeling and high-performance geocomputation (Neteler 548 

et al. 2012). All landscape metrics were calculated using custom functions based on 549 

LSMetrics and translated to R (https://github.com/LEEClab/LS_METRICS; Niebuhr et al. in 550 

prep.).  551 

 All codes used to calculate the metrics are available on GitHub 552 

(https://github.com/mauriciovancine/ATLANTIC-SPATIAL, Zenodo DOI: 553 

https://doi.org/10.5281/zenodo.14814102). These scripts represent the step-by-step process for 554 

calculating the metrics, allowing the process to be completely reproducible. For example, the 555 

script “01_01_download_limits.R” downloads the Atlantic Forest boundary, and 556 

“01_02_download_landscape.R” downloads the land use and land cover layers from 557 

MapBiomas using an integration with Google Earth Engine. Likewise, the other scripts 558 

download the other input sources of data, describe their process of import into GRASS GIS, 559 

and the computation of the different types of metrics presented in this data set. By making these 560 

scripts available, we believe that this approach to calculate these metrics can be replicated for 561 

other biomes or regions of the world, or for other timestamps using the available data for the 562 

Atlantic Forest. However, some steps were omitted or need to be performed in addition to the 563 

scripts for the full analysis to be performed. For example, the final boundary of the Atlantic 564 

Forest was manually edited and cannot be reproduced using scripts (but a detailed description 565 

is available in Vancine et al. 2024). Another example that users wishing to reproduce the 566 

analyses should be aware of is that we used GNU/Linux to calculate the metrics. GRASS GIS 567 

works integrated with R through rgrass R package, and to do so, you need to specify the GRASS 568 

GIS directory, which on GNU/Linux can be accessed as follows: system("grass --569 

config path", inter = TRUE). On Microsoft Windows®, it is needed to specify a 570 

different path, for example: "C:/Program Files/GRASS GIS 8.3". This can be a bit 571 

confusing for new users of these software integrations. 572 

 573 

Landscape metrics 574 

We calculated 39 landscape metrics of nine types (Table 3) based on the habitat map 575 

(binary habitat/non-habitat map, Figure 3c) of Forest Vegetation and Natural Vegetation, and 576 

https://github.com/LEEClab/LS_METRICS
https://github.com/mauriciovancine/ATLANTIC-SPATIAL
https://doi.org/10.5281/zenodo.14814102
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the multi-class map (31 classes, Figure 3a). The values of the landscape metrics were spatialized 577 

(mapped onto) to the cells. The metrics derived from Forest Vegetation and Natural Vegetation 578 

were based on data trimmed by linear structure (roads and railways) (Vancine et al. 2024). 579 

Although it is common to consider fragment and patch as synonyms, here we follow the classic 580 

landscape model (patch-corridor-matrix) to differentiate them (Forman and Godron 1986). 581 

Thus, a “fragment” represents a grouping of all contiguous pixels (considering the 8 582 

neighboring cells), while a “patch” represents a grouping of pixels (considering the 8 583 

neighboring cells), disregarding portions of pixels that form corridors and/or branches. 584 

Here, to exemplify the method used for calculating landscape metrics, we display two 585 

toy landscapes (Fletcher and Fortin 2018): a binary raster (Figure 8A) and a multi-class raster 586 

(Figure 8B). The toy landscapes have a resolution of 30 m, the same resolution of ATLANTIC 587 

SPATIAL data set, chosen to make it easier to understand metrics. Thus, each pixel has 900 m2 588 

and the distance between pixels is 30 m. 589 

 590 

Toy landscapes (Figure 8): two raster layers (16×16 cells with a spatial resolution of 30 m). 591 

Cells of the toy landscape (binary) were filled with 0 and 1 values, where 0 represents not-592 

habitat and 1 represents habitat (a. Toy landscape (binary)). For the toy landscape (multi-class), 593 

cells were filled with values from 0 to 5, where each value represents a different LULC class 594 

(b. Toy landscape (multi-class)). 595 

 596 

 597 

Figure 8. Toy landscapes. A binary toy landscape (a); a multi-class toy landscape (b).598 
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Table 3. Landscape metrics used and their description. All metrics were calculated for a spatial resolution of 30 m. Edge depth is the 599 

minimum distance at which cells are classified as edges, those that are further away are classified as cores. Gap-crossing considers the 600 

ability of an organism to cross non-habitat gaps, characterizing the distance to functional connectivity. Scale is measured by the radius of 601 

the buffer for which the moving window is used to impute the “scale of effect” for different organisms’ responses on landscape metrics. 602 

The term “original” in “Patch area original”, “Core area original”, and “Edge area original” and other metrics represents the original 603 

assignment of landscape metric values to the original fragments. Some metrics, such as core or edge, are calculated considering only these 604 

pixels, distorting the original fragment pixel shape. Thus, "original" represents the assignment of these metrics to the pixels of the original 605 

fragments.  606 

 607 

Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

1. Fragment ID  Fragment Fragment 

identification 

(cells clumped 

in its vicinity, 

considering the 

8 neighboring 

cells) 

Units NA  NA NA McGarigal et al. 

(2023) 

2. Fragment 

area 

Fragment Fragment area 

(sum of the area 

of all cells 

belonging to 

each fragment 

ID) 

Hectares NA NA NA McGarigal et al. 

(2023) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

3. Percentage of 

fragment 

Fragment Percentage of 

fragment in the 

vicinity 

(average 

neighborhood 

values for 

different buffer 

sizes) 

0 to 100% NA NA 50, 100, 150, 

200, 250, 500, 

750, 1000, 1500, 

2000, 2500, 

5000, 7500, 

10000 

McGarigal et al. 

(2023) 

4. Patch ID Patch Patch 

identification 

(cells clumped 

in its vicinity, 

considering the 

8 neighboring 

cells), 

discarding 

branches and 

corridors 

Units 30 NA NA McGarigal et al. 

(2023) 

5. Patch area Patch Patch area (sum 

of the area of all 

cells belonging 

to each patch 

ID), discarding 

branches and 

corridors 

Hectares 30 NA NA McGarigal et al. 

(2023) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

6. Patch area 

original 

Patch Patch area 

assigned to the 

original 

fragment. Here 

each fragment 

cell is assigned 

the value of the 

sum of the areas 

of all patches 

contained in the 

fragment 

Hectares 30 NA NA McGarigal et al. 

(2023) 

7. Number of 

patches 

Patch Number of 

patches (number 

of patch IDs 

within a 

fragment) 

assigned to the 

original 

fragment. Here 

each cell of a 

fragment is 

assigned the 

value number of 

patches 

contained in the 

fragment 

Units 30 NA NA McGarigal et al. 

(2023) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

8. Landscape 

morphology 

Landscape 

morphology 

Identifies 

landscape 

morphologies: 

matrix (0),   

core (1),      

edge (2), 

corridor (3), 

branch (4),            

stepping stone 

(5), and 

perforation (6) 

 

0 to 6 30 NA NA Vogt et al. 

(2009) 

9. Matrix Landscape 

morphology 

Identify matrix 

(non-habitat 

cells = 1) 

0 and 1 30 NA NA Vogt et al. 

(2009) 

10. Core Landscape 

morphology 

Identify 

fragment cores 

(core cells = 1) 

0 and 1 30 NA NA et al. Vogt et al. 

(2009) 

11. Edge Landscape 

morphology 

Identify 

fragment edges 

(external edge 

cells = 1) 

0 and 1 30 NA NA Vogt et al. 

(2009) 

12. Corridor Landscape 

morphology 

Identify 

corridors (linear 

elements that 

0 and 1 30 NA NA Vogt et al. 

(2009) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

connect core 

cells = 1) 

13. Branch Landscape 

morphology 

Identify 

branches (linear 

elements that do 

not connect core 

cells = 1) 

0 and 1 30 NA NA Vogt et al. 

(2009) 

14. Stepping 

stone 

Landscape 

morphology 

Identify 

stepping stones 

(isolated small 

elements 

without core 

cells = 1) 

0 and 1 30 NA NA Vogt et al. 

(2009) 

15. Perforation Landscape 

morphology 

Identify 

perforations 

(edge that 

composes the 

internal edge of 

a fragment = 1) 

0 and 1 30 NA NA Vogt et al. 

(2009) 

16. Core Core and edge Identify core 

cells (core = 1) 

0 and 1 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 

17. Core ID Core and edge Core 

identification 

Units 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

(core cells 

clumped in its 

vicinity, 

considering the 

8 neighboring 

cells) 

18. Core area Core and edge Core area (sum 

of the area of all 

core cells 

belonging to 

that core ID) 

Hectares 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 

19. Core area 

original 

Core and edge Core area 

assigned to the 

original 

fragment. Here 

each cell of a 

fragment is 

assigned the 

value total area 

of all cores 

contained in the 

fragment 

Hectares 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 

20. Number of 

cores 

Core and edge Number of cores 

within a 

fragment. Here 

Units 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

each cell of a 

fragment is 

assigned the 

value number of 

cores contained 

in the fragment 

21. Edge Core and edge Identify edge 

cells (edge = 1). 

This includes 

both external 

and internal 

edges 

(perforations) 

0 and 1 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 

22. Edge ID Core and edge Edge 

identification 

(cells clumped 

in its vicinity, 

considering the 

8 neighboring 

cells) 

Units 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 

23. Edge area Core and edge Edge area (sum 

of the area of all 

edge cells 

belonging to 

that edge ID) 

Hectares 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

24. Edge area 

original 

Core and edge Edge area 

assigned to the 

original 

fragment. Here 

each cell of a 

fragment is 

assigned to the 

value total area 

edge in the 

fragment 

Hectares 30, 60, 90, 120, 

240 

NA NA McGarigal et al. 

(2023) 

25. Percentage 

of core 

Core and edge Percentage of 

core cells within 

the vicinity 

(average 

neighborhood 

values for 

different buffer 

sizes) 

0 to 100% 30, 60, 90, 120, 

240 

NA 50, 100, 150, 

200, 250, 500, 

750, 1000, 1500, 

2000, 2500 

McGarigal et al. 

(2023) 

26. Percentage 

of edges  

Core and edge Percentage of 

edge cells in the 

vicinity 

(average 

neighborhood 

values for 

different buffer 

sizes) 

0 to 100% 30, 60, 90, 120, 

240 

NA 50, 100, 150, 

200, 250, 500, 

750, 1000, 1500, 

2000, 2500 

McGarigal et al. 

(2023) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

27. Perimeter Perimeter Perimeter 

(number of cells 

sides of a 

fragment facing 

the matrix, 

including any 

internal holes) 

Meters 30 NA NA McGarigal et al. 

(2023) 

28. Perimeter-

area ratio 

Perimeter Perimeter-area 

ratio (ratio 

between 

fragment 

perimeter and 

fragment area) 

0 to infinity 30 NA NA McGarigal et al. 

(2023) 

29. Distance 

inside 

Distance Euclidean 

distance to the 

nearest fragment 

edge cell, inside 

the fragment 

Meters NA NA NA Ribeiro et al. 

(2009) 

30. Distance 

outside 

Distance Euclidean 

distance to the 

nearest fragment 

edge cell, 

outside the 

fragment 

Meters NA NA NA Ribeiro et al. 

(2009) 

31. Distance Distance Euclidean Meters NA NA NA Ribeiro et al. 



41 

Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

distance to the 

nearest fragment 

edge cell, both 

inside (negative) 

and outside 

(positive) the 

fragment 

(2009) 

32. Structural 

connectivity 

Structural 

connectivity 

Structural 

connectivity 

(represents the 

area of habitat 

structurally 

connected to a 

patch, 

considering 

corridors, 

branches, and 

possibly other 

patches, but 

disregarding the 

area of the own 

patch) 

Hectares 30 NA NA Ribeiro et al. 

(2009) 

33. Structurally 

connected area 

Structural 

connectivity 

Structurally 

connected area 

(calculated from 

the original 

Hectares 30 NA NA Ribeiro et al. 

(2009) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

fragment, where 

the structural 

connectivity of 

the patches was 

associated with 

the fragment) 

34. Functionally 

connected 

dilation 

Functional 

connectivity 

Functionally 

connected 

dilation 

(fragments 

dilate by half 

the value of the 

organism's gap-

crossing 

capacity) 

Hectares NA 60, 120, 180, 

240, 300, 600 

NA Ribeiro et al. 

(2009) 

35. Functionally 

connected ID 

Functional 

connectivity 

Functionally 

connected 

identification 

(fragments that 

are at the 

shortest distance 

from the gap-

crossing are 

grouped, 

receiving the 

same ID) 

Hectares NA 60, 120, 180, 

240, 300, 600 

NA Ribeiro et al. 

(2009) 
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Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

36. Functionally 

connected area 

Functional 

connectivity 

Functionally 

connected area 

(area of these 

fragments with 

the same ID was 

summed) 

Hectares NA 60, 120, 180, 

240, 300, 600 

NA Ribeiro et al. 

(2009) 

37. Functional 

connectivity 

Functional 

connectivity 

Functional 

connectivity 

(difference 

between the 

functionally 

connected area 

and the 

fragment size) 

Hectares NA 60, 120, 180, 

240, 300, 600 

NA Ribeiro et al. 

(2009) 

38. Landscape 

Shannon 

diversity 

Landscape 

diversity 

Landscape 

Shannon 

diversity 

(consider the 

number of 

classes in each 

class cell within 

the moving 

window of 

analysis for the 

Shannon index) 

0 to infinity NA NA 50, 100, 150, 

200, 250, 500, 

750, 1000, 1500, 

2000 

Rocchini et al. 

(2013) 



44 

Metric Metric type Short 

description 

Values Edge depth (in 

meters) 

Gap-crossing 

(in meters) 

Scale (buffer 

radius in 

meters) 

Reference 

39. Landscape 

Simpson 

diversity 

Landscape 

diversity 

Landscape 

Simpson 

diversity 

(consider the 

number of 

classes in each 

class cell within 

the moving 

window of 

analysis for the 

Shannon index) 

0 to 1 NA NA 50, 100, 150, 

200, 250, 500, 

750, 1000, 1500, 

2000 

Rocchini et al. 

(2013) 

 608 
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Fragment area metrics (Figure 9): considering a binary habitat map, all cells of habitat were 609 

clumped with other cells of habitat in its vicinity (considering the 8 neighboring cells). Each clump 610 

of habitat was called a fragment and was given an ID (Metric 1: Fragment ID). For each fragment 611 

ID, its area (Metric 2: Fragment area) was calculated as the sum of the area of all cells belonging 612 

to that fragment ID. The unit used to calculate the area is hectares. Non-habitat cells are returned as 613 

NULL values. 614 

 615 

 616 

Figure 9. Fragment area metrics. Metric 1: Fragment ID is the fragment identification (a). Metric 617 

2: Fragment area is the fragment area calculated in hectares (b). 618 

 619 

Percentage of fragments metric (Figure 10): considering a binary habitat map, each cell of the map 620 

presented a value of the percentage of fragments within a circular moving window with a given size, 621 

centered in the focal cell (amount of habitat cells/total number of cells on the moving window). It 622 

varies between 0% and 100% (Metric 3: Percentage of fragments). Buffer radius represented half 623 

the size of a circular moving window, e.g., for a buffer size of 30 m, the moving window size was 30 624 

m. Buffer radii used: 50 m, 100 m, 150 m, 200 m, 250 m, 500 m, 750 m, 1,000 m, 1,500 m, 2,000 m, 625 

2,500 m, 5,000 m, 7,500 m, 10,000 m. 626 

 627 
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 628 

Figure 10. Percentage of fragments metric. Metric 3: percentage of fragments considering a 629 

buffer radius of 100 m (i.e., a circular moving window with a diameter of 200 m), illustrated in the 630 

toy landscape. 631 

 632 

Patch area metrics (Figure 11): considering a binary habitat map, patch metrics are like fragment 633 

area metrics, but they discard habitat branches and corridors. The result is a map of clusters 634 

(considering the 8 neighboring cells) of cells, which does not consider corridors or branches. Each 635 

habitat cluster was called a patch and given an ID (Metric 4: Patch ID). For each patch ID, its area 636 

(Metric 5: Patch area) was calculated as the sum of the area of all cells belonging to that patch ID. 637 

The patch area was attributed to the original fragment ID, which sums the area of all patches 638 

belonging to the same fragment (Metric 6: Patch area original). The number of different patch IDs 639 

for a fragment was also calculated (Metric 7: Number of patches). Edge depths considered: 30 m. 640 

The unit used to calculate the area was hectares. Non-habitat cells were assigned with NULL values. 641 

 642 
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643 

 644 

Figure 11. Patch area metrics. Metric 4: Patch ID is the patch identification (a). Metric 5: Patch 645 

area is the patch area in hectares (b). Metric 6: Patch area original is the patch area for the original 646 

fragment in hectares (c). Metric 7: Number of patches is the number of patches for the original 647 

fragment (d). The edge depth was set as 30 m in this example. 648 

 649 

4. Landscape morphology metrics (Figure 12): considering a binary habitat map, these metrics 650 

classify the landscape as a set of morphological/structural categories (Metric 8: Landscape 651 

morphology), i.e., whether a cell is matrix, core, edge, corridor, branch, stepping stone or perforation. 652 

This classification is made by considering an edge depth of 30 m to distinguish the edge and the core 653 

of a habitat fragment. Matrices are the non-habitat cells from the binary map (Metric 9: Landscape 654 

morphology matrix). Cores are habitat cells after removing the edge cells (Metric 10: Landscape 655 
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morphology core). Edges are habitat cells that are closer to the edge than the chosen edge depth, but 656 

are not corridors, branches, stepping stones or perforations (Metric 11: Landscape morphology 657 

edge). Corridors are edge cells that connect two or more core cells (Metric 12: Landscape 658 

morphology corridor). Branches are edge cells that do not connect cores (Metric 13: Landscape 659 

morphology branch). Stepping stones are edge cells that do not have core cells inside them (Metric 660 

14: Landscape morphology stepping stone). Perforations are edge cells that compose the internal 661 

edge of a fragment (Metric 15: Landscape morphology perforation). 662 

 663 

664 

665 
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666 

 667 

Figure 12. Landscape morphology metrics. Metric 8: Landscape morphologies: matrix (0), core 668 

(1), edge (2), corridor (3), branch (4), stepping stone (5), and perforation (6) (a). Metric 9: matrix = 669 

non-habitat cells (b). Metric 10: Core = habitat cells, removing the edge cells (c). Metric 11: Edge 670 

=habitat cells that are closer to the habitat edge than the chosen edge depth (d). Metric 12: Corridor 671 

= edge cells that connect two or more core cells (e). Metric 13: Branch = edge cells that do not connect 672 

cores (f). Metric 14: Stepping stone = edge cells that do not have core cells (g). Metric 15: Perforation 673 

= edge cells that compose the internal edge of a fragment (h). For details, see Vogt et al. (2009). The 674 

edge depth used in this illustrative figure was 30 m. 675 

 676 

Core and edge area metrics (Figure 13): considering a binary habitat map, these metrics classify 677 

cells in core or edge, considering the depth of edge. Cells that are closer (or at the same distance) 678 
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from the edge than the edge depth are classified as edges, those that are further away inside the habitat 679 

patches are classified as core. We clumped the core and edge cells (considering the 8 neighboring 680 

cells; Metric 16: Core and Metric 21: Edge) and gave it an ID (Metric 17: Core ID and Metric 22: 681 

Edge ID). For each core and edge ID, its area was calculated as the sum of the area of all cells 682 

belonging to that core or edge ID (Metric 18: Core area and Metric 23: Edge area). We also 683 

calculated the area of a core or edge of the original fragment by summing the area of the core or edge 684 

cells belonging to a fragment (Metric 19: Core area original and Metric 24: Edge area original), 685 

and the number of cores (Metric 20: Number of cores), which was the number of different cores 686 

IDs for a fragment. The idea behind calculating original metrics is that edge and interior information 687 

is summarized and/or assigned to the original fragments, so that the original landscape structure can 688 

be used in spatial predictions, for example. Notice that Metric 21 (Edge) differs from the 689 

morphological classification of edges (Metric 11 Landscape morphology edge) because the latter 690 

subdivides edge cells into edges, corridors, branches, stepping stones, and perforations. Metric 21 691 

(Edge) includes all these in a single category. Edge depths considered: 30 m, 60 m, 120 m, 240 m. 692 

Non-habitat cells were assigned with NULL values, except for core and edge binary maps.  693 

 694 

695 
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697 

698 
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 699 

Figure 13. Edge and core area metrics. Metric 16: Core is the binary core and non-core 700 

classification (a). Metric 17: Core ID is the core identification (b). Metric 18: Core area is the core 701 

area in hectares (c). Metric 19: Core area original is the core area for the original fragment in 702 

hectares (d). Metric 20: Number of cores is the number of cores for the original fragment (e). Metric 703 

21: Edge is the binary edge and not-edge classification (f). Metric 22: Edge ID is the edge 704 

identification (g). Metric 23: Edge area is the edge area in hectares (h). Metric 24: Edge area 705 

original is the edge area for the original fragment in hectares (i). Each cell of the toy landscape has 706 

30 m of side length, and the edge depth was chosen as 30 m in this illustrative example. 707 

 708 

Percentage of core and edge metrics (Figure 14): considering a binary habitat map, each cell of the 709 

map presents a value of the proportion of core or edge area within a circle moving window with a 710 

given size, centered in the focal cell (amount of core or edge cells/total number of cells in the moving 711 

window). It varies between 0 and 100% (Metric 25: Percentage of core and Metric 26: Percentage 712 

of edges). Edge depths considered: 30 m, 60 m, 120 m, 240 m. Buffer radius represented half the size 713 

of a circular moving window, e.g., for a buffer size of 50 m, the moving window size was 100 m. 714 

Buffer radii used: 50 m, 100 m, 150 m, 200 m, 250 m, 500 m, 750 m, 1000 m, 1500 m, 2000 m, 2500 715 

m. 716 

 717 

 718 
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 719 

Figure 14. Percentage of core and edge metrics. Metric 25: Percentage of core (a) and Metric 26: 720 

Percentage of edge for a circular moving window with 30 m size (b), as an example in the toy 721 

landscape. 722 

 723 

Perimeter metrics (Figure 15): considering a binary habitat map, the perimeter is the length of the 724 

cells located on the sides of a fragment facing the matrix, including any internal holes, in meters 725 

(Metric 27: Perimeter). Perimeter-area ratio is the ratio between fragment perimeter and fragment 726 

area, without a measurement unit (Metric 28: Perimeter-area ratio). This is a simple measure of 727 

shape complexity, the higher its value, the greater the complexity of the fragment shape. A limitation 728 

in using this metric as a shape complexity index is that it varies with the area of the fragment. For 729 

example, holding shape constant, an increase in fragment area will cause a decrease in the perimeter-730 

area ratio. Edge depths considered: 30 m. Non-habitat cells were assigned with NULL values. 731 

 732 

 733 
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 734 

Figure 15. Perimeter metrics. Metric 27: Perimeter (m) is the number of pixel sides of a fragment 735 

facing the matrix (a). Metric 28: Perimeter-area ratio is a shape complexity metric (b). 736 

 737 

Distance metrics (Figure 16): considering a binary habitat map, distance metrics are based on 738 

Euclidean distance mapping. We create the Euclidean distance maps from the edges (contact of the 739 

edge pixel with the matrix) of the fragments, in meters. The outside distance mapped the isolation 740 

between the fragments, i.e., for each cell outside the edge habitat (non-habitat) was given a positive 741 

value, which increases as you move away from the edge pixel and outward from the habitat fragment 742 

(Metric 29: Distance outside). The inside distance mapped the continuum edge effect and habitat 743 

core, i.e., for each cell inside the edge habitat (habitat) were given a negative value, which increases 744 

as you move away from the edge pixel towards the interior of the habitat fragment (Metric 30: 745 

Distance inside). These maps, inside and outside distances were combined (summed) in a metric by 746 

summing outside and inside distance metrics, jointly representing the effects of isolation, edge and 747 

core effects (Metric 31: Distance). 748 

  749 
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 750 

 751 

 752 

753 

 754 

Figure 16. Distance metrics. Metric 29: Distance inside is the distance inside from the habitat with 755 

negative values (a). Metric 30: Distance outside is the outside distance from the habitat with 756 

positive values (b). Metric 31: Distance is the distance to habitat (c) (Forest Vegetation and Natural 757 

Vegetation only) resulting from summing Distance inside (m) and Distance outside (m). 758 

 759 

Structural connectivity metrics (Figure 17): considering a binary habitat map, these metrics 760 

represent the area of habitat structurally connected to a patch, considering corridors, branches, and 761 

possibly other patches (if the corridor connects these patches). In practice, it is calculated as the 762 
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difference between the fragment area and the patch area. When a patch has no corridors or branches, 763 

its structural connectivity equals zero (i.e., it is not structurally connected to any other habitat). Each 764 

patch cell is assigned to a structural connectivity value (Metric 32: Structural connectivity). The 765 

structural connected area was calculated from the original fragment, where the structural connectivity 766 

of the patches was associated with the fragment (Metric 33: Structural connected area). The 767 

definition of structural connectivity depends on what is considered patch, corridor, and branch, so 768 

this metric depends on the edge depth value considered. For the Atlantic Forest the depth of the 769 

chosen edge was 30 m. The unit used to calculate the area was hectares. Non-habitat cells were 770 

assigned with NULL values. 771 

 772 

 773 

Figure 17. Structural connectivity metrics. Metric 32: Structural connectivity is the area of 774 

habitat structurally connected to a patch only for patches in hectares (a). Metric 33: Structural 775 

connected area is the area of structurally connected habitat to fragments in hectares (b). 776 

 777 

Functional connectivity metrics (Figure 18): considering a binary habitat map, these metrics 778 

represent the habitat area functionally linked to a fragment, considering the ability of an organism to 779 

cross non-habitat gaps (gap-crossing value). First, the fragments were expanded/dilated by half the 780 

value of the organism's gap-crossing capacity (e.g., if an organism crosses 60 m, the fragments are 781 

dilated by 30 m along their entire perimeter) (Metric 34: Functionally connected dilation). Then, 782 

the fragments that are at the shortest distance from the gap-crossing were grouped, receiving the same 783 

ID (Metric 35: Functionally connected ID). Then, the area of these fragments with the same ID was 784 

summed (Metric 36: Functionally connected area). Finally, to obtain the functional connectivity, 785 

the difference between the functionally connected area and the fragment area was calculated, 786 
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representing how much habitat is accessible from a habitat fragment for an organism with a given 787 

gap-crossing ability, excluding the area of the very same fragment (Metric 37: Functional 788 

connectivity). Crossing capacities considered for the Atlantic Forest: 60 m, 120 m, 180 m, 240 m, 789 

300 m, 600 m. The unit used to calculate the area was hectares. Non-habitat cells were assigned with 790 

NULL values. 791 

 792 

 793 

 794 

Figure 18. Functional connectivity metrics. Metric 34: Functionally connected dilation (60 m) is 795 

the dilation of fragments for gap-crossing of 30 m (gray pixels) (a). Metric 35: Functionally 796 

connected ID (60 m) is the functionally connected area identification (b). Metric 36: Functionally 797 

connected area is the fragment area connected in hectares (c). Metric 37: Functional connectivity 798 

(60 m) is the functional connectivity in hectares (d). 799 
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 800 

Landscape diversity metrics (Figure 19): considering a multi-class map, each cell of the map 801 

presented a value of the diversity of LULC classes within a square moving window with a given size, 802 

centered in the focal cell. Diversity indices (Shannon and Simpson) consider the number of classes 803 

in each class cell within the moving window of analysis. Shannon's diversity values are positive and 804 

vary between 0 and infinity (Metric 38: Landscape diversity (Shannon)) and Simpson's diversity 805 

values vary between 0 and 1 (Metric 39: Landscape diversity (Simpson)). Buffer radius represented 806 

half the size of a square moving window, e.g., for a buffer size of 50 m, the moving window size was 807 

100 m. Buffer radii used: 50 m, 100 m, 150 m, 200 m, 250 m, 500 m, 750 m, 1000 m, 1500 m and 808 

2000 m. 809 

 810 

 811 

Figure 19. Landscape diversity metrics. Metric 38: Landscape diversity (Shannon) (a) and Metric 812 

39: Landscape diversity (Simpson) (b) indices for a square moving window with 100 m size, in the 813 

illustrative example for the toy landscape. 814 

 815 

  816 
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Topographic metrics 817 

We calculated six metrics of topography using a Digital Elevation Model (DEM) map from 818 

FABDEM v1.2 (Hawker et al. 2022) (Table 4). We used two GRASS GIS (Neteler et al. 2012) 819 

software modules: r.slope.aspect (Hofierka et al. 2009) and r.geomorphon (Stepinski and Jasiewicz 820 

2011, Jasiewicz and Stepinski 2013, Libohova et al. 2016). 821 

 822 

Table 4. Description of the topographic metrics provided in ATLANTIC SPATIAL. 823 

Metric Short description Values Reference 

1. Elevation Digital representation of elevations 

(or height) in meters through the 

Digital Elevation Model (DEM). 

Meters Hawker et al. 

(2022) 

2. Slope Inclination from the horizontal 

stated in degrees 

Degrees (0º to 90º) Hawker et al. 

(2022) 

3. Aspect Direction that slopes are facing 

counterclockwise from East in 

degrees: 90 degrees is North, 180 is 

West, 270 is South, 360 is East 

Degrees (0º to 360º) Hawker et al. 

(2022) 

4. Profile 

curvature 

Curvature in the direction of the 

steepest slope in 1/m. A curvature of 

0.05 corresponds to a radius of 

curvature of 20 m and positive and 

negative values represent convex 

and concave forms, respectively 

Units Hawker et al. 

(2022) 

5. Tangential 

curvature 

Curvature in the direction of the 

contour tangent in 1/m. A curvature 

of 0.05 corresponds to a radius of 

curvature of 20 m and positive and 

negative values represent convex 

and concave forms, respectively 

Units Hawker et al. 

(2022) 

6. Geomorphon Classification and mapping of 

landform elements from a DEM 

based on the principle of pattern 

recognition (geomorphon) 

Classes: flat (1), 

peak (2), ridge (3), 

shoulder (4), spur 

(5), slope (6), 

hollow (7), 

footslope (8), valley 

(9), pit (10) 

Jasiewicz and 

Stepinski (2013) 

 824 

  825 
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Hydrological metrics 826 

We calculated four hydrological metrics using a Digital Elevation Model (DEM) map from 827 

FABDEM v1.2 (Hawker et al. 2022) (Table 5). Due to the large extension, we first calculated these 828 

metrics for hydrologically smaller basins using HydroBASINS level 5 (Lehner and Grill 2013); after 829 

that, we merged the results into single maps for the four metrics. We used two GRASS GIS (Neteler 830 

et al. 2012) modules to calculate the potential streams and springs: r.watershed and r.stream.extract, 831 

both with threshold = 100. With the potential streams and strings done, we deleted the lines and 832 

points, respectively, that overlap with masses of water from HydroLAKES (Messager et al. 2016) 833 

and official masses of water from three countries: Brazil (Instituto Brasileiro de Geografia e 834 

Estatística – IBGE; IBGE, 2021), Argentina (Instituto Geográfico Nacional – IGN; IGN, 2023) and 835 

Paraguay (Instituto Nacional de Estadística – INE; INE, 2023). Stream Euclidean distance was 836 

generated using r.grow.distance GRASS GIS (Neteler et al. 2012) module with metric = euclidean, 837 

and spring kernel density was generated using v.kernel module with radius varying (50 m, 100 m, 838 

150 m, 200 m, 250 m, 500 m, 750 m, 1000 m, 1500 m, 2000 m, 2500 m) and kernel = gaussian. 839 

 840 

Table 5. Hydrological metrics description. 841 

Metric Short description Values Scale (buffer radius in 

meters) 

Reference 

1. Stream Potential streams 

generated from DEM 

0 and 1 NA Holmgren (1994) 

2. Stream 

distance 

Euclidean distance 

from potential streams 

generated from DEM 

Meters NA Holmgren (1994) 

3. Spring Potential springs 

generated from DEM 

0 and 1 NA Holmgren (1994) 

4. Spring 

density 

Density (kernel) of 

potential springs 

generated from DEM 

Units 50, 100, 150, 200, 250, 500, 

750, 1000, 1500, 2000, 2500 

Okabe et al. 

(2009) 

 842 

Anthropogenic metrics 843 

We calculated 13 anthropogenic metrics (Table 6) represented by Euclidean distances outside 844 

(positive values) from roads, railways, protected areas, indigenous territories, quilombola territories, 845 

and the categories of grouped LULC classes: pasture, temporary crop, perennial crop, forest 846 

plantation, urban areas, mining, and water (Table 2; Figure 3b). These metrics can be used to represent 847 

the different forms of human activity and possibly their impact at the landscape scale. We used the 848 

r.grow.distance GRASS GIS (Neteler et al. 2012) module with metric = euclidean. 849 
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 850 

Table 6. Description of Anthropogenic metrics available in ATLANTIC SPATIAL. 851 

Metric Short description Values Reference 

1. Distance from roads Euclidean distance 

from roads 

Meters Ribeiro et al. (2009) 

2. Distance from 

railways 

Euclidean distance 

from railways 

Meters Ribeiro et al. (2009) 

3. Distance from roads 

and railways 

Euclidean distance 

from roads and 

railways 

Meters Ribeiro et al. (2009) 

4. Distance from 

protected areas 

Euclidean distance 

from protected areas 

Meters Ribeiro et al. (2009) 

5. Distance from 

indigenous territories 

Euclidean distance 

from indigenous 

territories 

Meters Ribeiro et al. (2009) 

6. Distance from 

quilombola territories 

Euclidean distance 

from quilombola 

territories 

Meters Ribeiro et al. (2009) 

7. Distance from the 

forest plantation 

Euclidean distance 

from forest plantation 

Meters Ribeiro et al. (2009) 

8. Distance from the 

pasture 

Euclidean distance 

from pasture 

Meters Ribeiro et al. (2009) 

9. Distance from the 

temporary crop 

Euclidean distance 

from temporary crop 

Meters Ribeiro et al. (2009) 

10. Distance from the 

perennial crop 

Euclidean distance 

from perennial crop 

Meters Ribeiro et al. (2009) 

11. Distance from the 

urban areas 

Euclidean distance 

from urban areas 

Meters Ribeiro et al. (2009) 

12. Distance from the 

mining 

Euclidean distance 

from mining 

Meters Ribeiro et al. (2009) 

13. Distance from the 

water 

Euclidean distance 

from water (lakes and 

rivers) 

Meters Ribeiro et al. (2009) 

 852 

  853 
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 854 

4. Project personnel 855 

None. 856 

 857 

Class III. Data set status and accessibility  858 

A. Status  859 

1. Latest update  860 

September 2025.  861 

 862 

2. Latest archive date  863 

September 2025.  864 

 865 

3. Metadata status  866 

Last updated in September 2025, version submitted.  867 

 868 

4. Data verification 869 

Last updated in September 2025, version submitted. 870 

 871 

B. Accessibility  872 

1. Storage location and medium 873 

The ATLANTIC SPATIAL data set guide table (ATLANTIC_SPATIAL.csv) with all metric 874 

descriptions and links to files on Zenodo repositories can be accessed as supporting information for 875 

this Data Paper publication in Ecology. We also provide in the supplementary material all the R codes 876 

used to calculate the metrics (ATLANTIC-SPATIAL.zip, also available on GitHub: 877 

https://github.com/mauriciovancine/ATLANTIC-SPATIAL), and the codes of the R package 878 

atlanticr (atlanticr.zip, also available on GitHub: https://github.com/mauriciovancine/atlanticr). 879 

Vector and rasters (spatial components) can be accessed in multiple Zenodo repositories (Table 7), 880 

organized by thematic groups of layers. Due to file size limitations, these datasets cannot be included 881 

as supporting information. 882 

 883 

1) Table 7. Variable ids and Zenodo repositories titles, links, and DOIs for the ATLANTIC 884 

SPATIAL data set. We have separated the data set into multiple Zenodo repositories due to file size 885 

and number limitations. 886 

 887 

https://github.com/mauriciovancine/ATLANTIC-SPATIAL
https://github.com/mauriciovancine/atlanticr
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Variable ids Zenodo repository 

title 

Zenodo repository 

link 

Zenodo DOI 

000-004 

041-064 

ATLANTIC 

SPATIAL - Habitat 

https://zenodo.org/rec

ords/17180586  

https://doi.org/10.5281

/zenodo.17180586  

005-040; 375-388 ATLANTIC 

SPATIAL - Fragment 

https://zenodo.org/rec

ords/14574196 

https://doi.org/10.5281

/zenodo.14574196 

065-112 ATLANTIC 

SPATIAL - Core 

30|60|90m Forest 

https://zenodo.org/rec

ords/14529477 

https://doi.org/10.5281

/zenodo.14529477 

113-144 ATLANTIC 

SPATIAL - Core 

120|240m Forest 

https://zenodo.org/rec

ords/14574249 

https://doi.org/10.5281

/zenodo.14574249 

145-189 ATLANTIC 

SPATIAL - Edge 

30|60|90m Forest 

https://zenodo.org/rec

ords/14529566 

https://doi.org/10.5281

/zenodo.14529566 

190-219 ATLANTIC 

SPATIAL - Edge 

120|240m Forest 

https://zenodo.org/rec

ords/14577603 

https://doi.org/10.5281

/zenodo.14577603 

220-267 ATLANTIC 

SPATIAL - Core 

30|60|90m Natural 

https://zenodo.org/rec

ords/14577592 

https://doi.org/10.5281

/zenodo.14577592 

268-299 ATLANTIC 

SPATIAL - Core 

120|240m Natural 

https://zenodo.org/rec

ords/14577598 

https://doi.org/10.5281

/zenodo.14577598 

300-344 ATLANTIC 

SPATIAL - Edge 

30|60|90m Natural 

https://zenodo.org/rec

ords/14529647 

https://doi.org/10.5281

/zenodo.14529647 

345-374 ATLANTIC 

SPATIAL - Edge 

120|240m Natural 

https://zenodo.org/rec

ords/14577617 

https://doi.org/10.5281

/zenodo.14577617 

389-436 ATLANTIC 

SPATIAL - 

Connectivity 

https://zenodo.org/rec

ords/14529380 

https://doi.org/10.5281

/zenodo.14529380 

437-446 ATLANTIC 

SPATIAL - Diversity 

Shannon 

https://zenodo.org/rec

ords/14529710 

https://doi.org/10.5281

/zenodo.14529710 

447-456 ATLANTIC 

SPATIAL - Diversity 

Simpson 

https://zenodo.org/rec

ords/14529750 

https://doi.org/10.5281

/zenodo.14529750 

457-462 ATLANTIC https://zenodo.org/rec https://doi.org/10.5281

https://zenodo.org/records/17180586
https://zenodo.org/records/17180586
https://doi.org/10.5281/zenodo.17180586
https://doi.org/10.5281/zenodo.17180586
https://zenodo.org/records/14574196
https://zenodo.org/records/14574196
https://doi.org/10.5281/zenodo.14574196
https://doi.org/10.5281/zenodo.14574196
https://doi.org/10.5281/zenodo.14574196
https://zenodo.org/records/14529477
https://zenodo.org/records/14529477
https://doi.org/10.5281/zenodo.14529477
https://doi.org/10.5281/zenodo.14529477
https://doi.org/10.5281/zenodo.14529477
https://zenodo.org/records/14574249
https://zenodo.org/records/14574249
https://doi.org/10.5281/zenodo.14574249
https://doi.org/10.5281/zenodo.14574249
https://doi.org/10.5281/zenodo.14574249
https://zenodo.org/records/14529566
https://zenodo.org/records/14529566
https://doi.org/10.5281/zenodo.14529566
https://doi.org/10.5281/zenodo.14529566
https://doi.org/10.5281/zenodo.14529566
https://zenodo.org/records/14577603
https://zenodo.org/records/14577603
https://doi.org/10.5281/zenodo.14577603
https://doi.org/10.5281/zenodo.14577603
https://doi.org/10.5281/zenodo.14577603
https://zenodo.org/records/14577592
https://zenodo.org/records/14577592
https://doi.org/10.5281/zenodo.14577592
https://doi.org/10.5281/zenodo.14577592
https://doi.org/10.5281/zenodo.14577592
https://zenodo.org/records/14577598
https://zenodo.org/records/14577598
https://doi.org/10.5281/zenodo.14577598
https://doi.org/10.5281/zenodo.14577598
https://doi.org/10.5281/zenodo.14577598
https://zenodo.org/records/14529647
https://zenodo.org/records/14529647
https://doi.org/10.5281/zenodo.14529647
https://doi.org/10.5281/zenodo.14529647
https://doi.org/10.5281/zenodo.14529647
https://zenodo.org/records/14577617
https://zenodo.org/records/14577617
https://doi.org/10.5281/zenodo.14577617
https://doi.org/10.5281/zenodo.14577617
https://zenodo.org/records/14529380
https://zenodo.org/records/14529380
https://doi.org/10.5281/zenodo.14529380
https://doi.org/10.5281/zenodo.14529380
https://zenodo.org/records/14529710
https://zenodo.org/records/14529710
https://doi.org/10.5281/zenodo.14529710
https://doi.org/10.5281/zenodo.14529710
https://zenodo.org/records/14529750
https://zenodo.org/records/14529750
https://doi.org/10.5281/zenodo.14529750
https://doi.org/10.5281/zenodo.14529750
https://zenodo.org/records/14529237
https://doi.org/10.5281/zenodo.14529237
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Variable ids Zenodo repository 

title 

Zenodo repository 

link 

Zenodo DOI 

SPATIAL - 

Topographic 

ords/14529237 /zenodo.14529237 

463-476 ATLANTIC 

SPATIAL - 

Hydrological 

https://zenodo.org/rec

ords/14500641 

https://doi.org/10.5281

/zenodo.14500641 

477-502 ATLANTIC 

SPATIAL - 

Anthropogenic 

https://zenodo.org/rec

ords/14529355 

https://doi.org/10.5281

/zenodo.14529355  

  888 

Besides the direct download through the Zenodo repositories, we also created the R package 889 

atlanticr (https://mauriciovancine.github.io/atlanticr) (Vancine et al. 2025; Zenodo DOI: 890 

https://doi.org/10.5281/zenodo.14751252). This R package provides a table with all ATLANTIC 891 

SPATIAL metrics and their information "atlantic_spatial" (the same as ATLANTIC_SPATIAL.csv 892 

in supplementary material), beyond a function to download the vector and rasters, 893 

"atlantic_spatial_download()", from the corresponding Zenodo repositories. Each raster layer 894 

comprises two files: a GeoTiff (.tif) file and a TFW (.tfw) file. The GeoTiff files are the ones 895 

providing geographic information for the variables and in most Geographical Information Systems 896 

they are enough for reading and using the data. The TFW (.tfw) are auxiliary files created due to the 897 

raster compression process, and that can be necessary for usage of the data in some Software. 898 

Below we demonstrate a simple example to use the function atlantic_spatial_download() to 899 

download the raster with id = 1 (land use and land cover raster), whose details can be checked in the 900 

the atlanticr::atlantic_spatial table (the same as ATLANTIC_SPATIAL.csv).  901 

 902 

# install package 903 

install.packages("remotes") 904 

remotes::install_github("mauriciovancine/atlanticr") 905 

 906 

# load package 907 

library(atlanticr) 908 

 909 

# list files 910 

head(atlanticr::atlantic_spatial) 911 

 912 

# file download 913 

https://zenodo.org/records/14529237
https://doi.org/10.5281/zenodo.14529237
https://doi.org/10.5281/zenodo.14529237
https://zenodo.org/records/14500641
https://zenodo.org/records/14500641
https://doi.org/10.5281/zenodo.14500641
https://doi.org/10.5281/zenodo.14500641
https://doi.org/10.5281/zenodo.14500641
https://zenodo.org/records/14529355
https://zenodo.org/records/14529355
https://doi.org/10.5281/zenodo.14529355
https://doi.org/10.5281/zenodo.14529355
https://mauriciovancine.github.io/atlanticr/
https://doi.org/10.5281/zenodo.14751252
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atlanticr::atlantic_spatial_download(id = 1, path = ".") 914 

 915 

Furthermore, the atlanticr R package also facilitates access to other data papers from the 916 

ATLANTIC: Data Papers from a biodiversity hotspot, providing an easy way to integrate biological 917 

and environmental data for the Atlantic Forest (Vancine et al. 2025). 918 

 919 

2. Contact persons  920 

Maurício Humberto Vancine (mauricio.vancine@gmail.com), Bernardo Brandão Niebuhr 921 

(bernardo_brandaum@yahoo.com.br), or Milton Cezar Ribeiro (miltinho.astronauta@gmail.com).  922 

 923 

3. Copyright restrictions  924 

CC BY-NC 4.0: Creative Commons Attribution-Non-Commercial 4.0 International.  925 

 926 

4. Proprietary restrictions  927 

a. Release date  928 

None.  929 

b. Citation  930 

Please, cite this data paper when the data are used in publications or teaching events.  931 

c. Disclaimer(s)  932 

None.  933 

 934 

5. Costs  935 

None.  936 

 937 

Class IV. Data structural descriptors  938 

The data set contains 1005 files and 267.3 GB. ATLANTIC_SPATIAL.csv contains a table 939 

describing the vector and raster files. The Atlantic Forest delimitation vector is available as 940 

Geopackage (.gpkg). The 502 rasters are available as GeoTiff (.tif) which contain the main data files 941 

and TFW files (.tfw) as an ancillary file. We created the rasters using DEFLATE compression from 942 

GDAL (https://gdal.org/en/stable/drivers/raster/gtiff.html), requiring the provision of an auxiliary 943 

TFW file (.tfw) for it to be opened in software such as ArcGIS® (https://www.arcgis.com/index.html). 944 

 945 

mailto:mauricio.vancine@gmail.com
mailto:bernardo_brandaum@yahoo.com.br
mailto:miltinho.astronauta@gmail.com
https://gdal.org/en/stable/drivers/raster/gtiff.html
https://www.arcgis.com/index.html
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A. Data set file  946 

1. Identity: ATLANTIC_SPATIAL.csv  947 

2. Size: 19 columns and 503 rows records, including header row, 290 KB.  948 

3. Format and storage mode: comma-separated values (.csv).  949 

4. Header information: See column descriptions in section B.  950 

5. Alphanumeric attributes: Mixed.  951 

6. Special characters/fields: None.  952 

7. Authentication procedures: None. 953 

 954 

B. Variable information 955 

1) Table 8. Information in the ATLANTIC SPATIAL data set. Description of the fields related 956 

to the study site of the ATLANTIC_SPATIAL.csv.  957 

 958 

Variable identify  Variable description Level/Range/Descrip

tion 

Example 

id Identification code for 

each metric  

000-502 006 

metric Metric names Detailed name of 

metric in text format 

atlantic_spatial_forest

_vegetation_fragment

_area 

metric_group Description of metric 

groups 

anthropogenic, 

hydrological, 

landscape, 

topographic 

landscape 

metric_type Detailed description of 

metric types 

(not applicable) fragment_area 

metric_description Detailed description of 

metrics 

Detailed description of 

metrics in text format 

forest vegetation 

fragment area 

value Metric values Detailed metrics 

values in text and 

number formats 

0.09 to infinity 

value_description Detailed description of 

metric values 

Detailed description of 

metric values in text 

format 

area 

unit Metric units 1/m, angles in degrees, 

binary, categorical, 

discrete, hectares, 

meters, 

meters/hectares, 

hectares 
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Variable identify  Variable description Level/Range/Descrip

tion 

Example 

proportion, unit, 

unitary 

lulc_class Land use and land 

cover classes 

forest_plantation, 

forest_vegetation, 

mining, 

multiple, 

natural_vegetation, 

pasture, 

perennial_crop, 

temporary_crop, 

urban_areas, 

water 

forest_vegetation 

edge_depth_m Edge depth for 

different metrics in 

meters. Edge depth is 

the minimum distance 

at which cells are 

classified as edges, 

those that are further 

away are classified as 

cores 

30-240 NA 

gap_crossing_m Gap-crossing for 

different metrics in 

meters. Gap-crossing 

considers the ability of 

an organism to cross 

non-habitat gaps, 

characterizing the 

distance to functional 

connectivity 

60-600 NA 

scale_buffer_radius_

m 

Scale for different 

metrics in meters. 

Scale is the radius of 

the buffer to which the 

moving window is 

rotated to impute the 

effect of different 

scales on landscape 

metrics 

 

50-10,000 NA 

resolution Raster pixel width and 

height 

30 30 

file_name File names for this 

metric 

Multiple metric name 

files 

006_atlantic_spatial_f

orest_vegetation_frag
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Variable identify  Variable description Level/Range/Descrip

tion 

Example 

ment_area.tif 

file_size File sizes for this 

metric 

Multiple metric size 

files in GB 

0.398 

zenodo_repository Zenodo repository 

name 

Multiple repository 

names 

ATLANTIC 

SPATIAL - Fragment 

zenodo_link_main Link to the main files 

on Zenodo 

Multiple links https://zenodo.org/rec

ords/14574196/files/0

06_atlantic_spatial_fo

rest_vegetation_fragm

ent_area.tif?download

=1&preview=1 

zenodo_link_auxiliar

y 

Link to the auxiliary 

files on Zenodo 

Multiple links https://zenodo.org/rec

ords/14574196/files/0

06_atlantic_spatial_fo

rest_vegetation_fragm

ent_area.tfw?downloa

d=1&preview=1 

zenodo_doi Link to the DOI on 

Zenodo 

Multiple links https://doi.org/10.5281

/zenodo.14574196 

 959 

C. Data anomalies 960 

If no information is available, this was indicated by “NA”. 961 

 962 

Class V. Supplemental descriptors 963 

 964 

A. Data acquisition 965 

 966 

1. Data forms or acquisition methods 967 

Download and curation of openly available data sources and custom code post-processing. 968 

 969 

2. Location of completed data forms 970 

None. 971 

 972 

3. Data entry verification procedures 973 

None. 974 
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 975 

B. Quality assurance/quality control procedures 976 

None. 977 

 978 

C. Related materials 979 

None. 980 

 981 

D. Computer programs and data-processing algorithms 982 

Software 983 

All the landscape, topographic, hydrological, and anthropogenic metrics were processed using 984 

GRASS GIS 8.3 (Neteler et al. 2012) and R language 4.3 (R Core Team, 2023) with the aid of the 985 

rgrass package (Bivand, 2023). GRASS GIS (Geographical Resources Analysis Support System) is 986 

a free and open-source Geographic Information System (GIS), created around 1985, and in 987 

continuous development. It provides over 400 well-documented and peer-reviewed modules for 988 

spatial analysis, modeling, and visualization, and is widely used in academia, business, and public 989 

administration. Developed by a global community, GRASS GIS runs natively on major operating 990 

systems and is particularly recognized for its applications in environmental modeling. Its 991 

architecture is optimized for handling and processing large volumes of geospatial data, making it 992 

particularly suitable for complex environmental modeling and high-performance geocomputation 993 

(Neteler et al. 2012). All landscape metrics were calculated using custom functions based on 994 

LSMetrics and translated to R (https://github.com/LEEClab/LS_METRICS; Niebuhr et al. in prep.). 995 

https://github.com/LEEClab/LS_METRICS
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E. Archiving 996 

All codes used to calculate the metrics are available on GitHub 997 

(https://github.com/mauriciovancine/ATLANTIC-SPATIAL, Zenodo DOI: 998 

https://doi.org/10.5281/zenodo.14814102). These scripts represent the step-by-step process for 999 

calculating the metrics, allowing the process to be completely reproducible. For example, the script 1000 

“01_01_download_limits.R” downloads the Atlantic Forest boundary, and 1001 

“01_02_download_landscape.R” downloads the land use and land cover layers from MapBiomas 1002 

using an integration with Google Earth Engine. Likewise, the other scripts download the other input 1003 

sources of data, describe their process of import into GRASS GIS, and the computation of the 1004 

different types of metrics presented in this data set. By making these scripts available, we believe that 1005 

this approach to calculate these metrics can be replicated for other biomes or regions of the world, or 1006 

for other timestamps using the available data for the Atlantic Forest. However, some steps were 1007 

omitted or need to be performed in addition to the scripts for the full analysis to be performed. For 1008 

example, the final boundary of the Atlantic Forest was manually edited and cannot be reproduced 1009 

using scripts (but a detailed description is available in Vancine et al. 2024). Another example that 1010 

users wishing to reproduce the analyses should be aware of is that we used GNU/Linux to calculate 1011 

the metrics. GRASS GIS works integrated with R through rgrass R package, and to do so, you need 1012 

to specify the GRASS GIS directory, which on GNU/Linux can be accessed as follows: 1013 

system("grass --config path", inter = TRUE). On Microsoft Windows®, it is 1014 

needed to specify a different path, for example: "C:/Program Files/GRASS GIS 8.3". This can be a 1015 

bit confusing for new users of these software integrations. 1016 

 1017 

1. Archival procedures 1018 

All files have been deposited in Zenodo repositories. 1019 

 1020 

2. Redundant archival sites 1021 

None. 1022 

 1023 

F. Publications and results  1024 

Vancine et al. (2024) used part of this data set to describe the spatiotemporal landscape structure of 1025 

the Atlantic Forest.  1026 

 1027 

G. History of data set usage  1028 

1. Data request history 1029 

None.  1030 
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 1031 

2. Data set updates history 1032 

None.  1033 

 1034 

3. Review history  1035 

None.  1036 

 1037 

4. Question and comments from secondary users  1038 

None.  1039 

 1040 
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