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Violette Le Féon279 Gretchen LeBuhn280 Jean-Philippe Légaré28179

Valérie Lehouck282 Maŕıa V Lencinas283 Pia E Lentini284 Susan G Letcher28580

Qi Li286 Simon A Litchwark287 Nick A Littlewood288 Yunhui Liu289
81
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Teja Tscharntke55 Edgar C Turner480 Jason M Tylianakis4,481141

Marcio Uehara-Prado482 Nicolas Urbina-Cardona483 Denis Vallan484
142

Adam J Vanbergen485 Heraldo L Vasconcelos486 Kiril Vassilev487143

Hans A F Verboven488 Maria João Verdasca489 José R Verdú320
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41 Departamento de Biodiversidad y Genética, Instituto de Investigaciones Biológicas Clemente223

Estable, Av. Italia 3318, 11600, Montevideo, Uruguay224

42 Forest & Nature Lab, Department of Forest and Water Management, Ghent University,225

Geraardsbergsesteenweg 267, 9090 Gontrode, Belgium226

9
This	article	is	protected	by	copyright.	All	rights	reserved

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



43 Terrestrial Ecology Unit, Department of Biology, Ghent University, K. L. Ledeganckstraat 35,227

9000 Gent, Belgium228
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45 Centre Suisse de Recherches Scientifiques en Côte d’Ivoire, 01 LP 1303, Abidjan, Ivory Coast230

46 MTA Centre for Ecological Research, Alkotmány u. 2-4 Vácrátót, 2163, Hungary231
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Porto, Campus Agrário de Vairão, 4485-601 Vairão, Portugal252

61 Faculty of Sustainable Agriculture, Universiti Malaysia Sabah, Miles 10, Sg.Batang, 90000,253

Sandakan, Sabah, Malaysia254

62 The Swedish University of Agricultural Sciences, The Swedish Biodiversity Centre, SE 750 07255

Uppsala, Sweden256

63 Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah, Jalan UMS, 88400257

Kota Kinabalu, Sabah, Malaysia258

64 School of Geosciences, University of Edinburgh, EH9 3FF, U.K.259

10
This	article	is	protected	by	copyright.	All	rights	reserved

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



65 Department of Zoology & Environmental Science, Gurukula Kangri University, India260

66 Durrell Institute of Conservation and Ecology (DICE), School of Anthropology and Conservation,261

University of Kent, Canterbury, CT2 7NR, U.K.262

67 Iwokrama International Centre for Rainforest Conservation and Development, 77 High Street,263

Georgetown, Guyana264

68 Department of Ecology-Animal Ecology, Faculty of Biology, Philipps-Universität Marburg,265

Karl-von-Frisch Street 8, D-35032 Marburg, Germany266

69 Compliance Services International, Pentlands Science Park, Penicuik, Edinburgh, EH26 0PZ, U.K.267

70 Centre for Agri-Environmental Research, School of Agriculture, Policy and Development,268

University of Reading, Reading, RG6 6AR, U.K.269

71 School for the Training of Wildlife Specialists Garoua, P.O. Box: 271 Garoua, Cameroon270

72 Department of Forestry, Faculty of Agronomy and Agricultural Sciences, University of Dschang,271

P.O. Box: 222 Dschang, Cameroon272

73 Mater Natura – Instituto de Estudos Ambientais, Rua Lamenha Lins 1080, CEP 80250-020,273

Curitiba, Paraná, Brazil274
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route de Narbonne, 31062 Toulouse, France387

138 CNRS - UMR 5245, Ecolab, 31062 Toulouse, France388
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Bogotá, Colombia504

214 Biodiversity, Evolution and Ecology of Plants (BEE), Biocentre Klein Flottbek and Botanical505

Garden, University of Hamburg, Ohnhorststr. 18, 22609 Hamburg, Germany506

215 School of Biological Science, University of Plymouth, Drake’s Circus, Plymouth, PL4 8AA, U.K.507

216 351 False Bay Drive, Friday Harbor, WA 98250, USA508

217 International University of Malaya-Wales, Jalan Tun Ismail, 50480 Kuala Lumpur, Malaysia509

218 Department of Wildlife Management, Sokoine University of Agriculture, P.O. Box 3073, Morogoro,510

Tanzania511

219 The Xerces Society for Invertebrate Conservation, 628 NE Broadway, Suite 200, Portland, OR512

97221, USA513

220 Animal & Environment Research Group, Department of Life Sciences, Anglia Ruskin University,514

East Road, Cambridge, CB1 1PT, U.K.515

221 Walter Sisulu University, Mthatha, Transkei, South Africa516

222 Centre for African Conservation Ecology, Nelson Mandela Metropolitan University, Port517

Elizabeth, South Africa518

223 College of Natural Sciences, Bangor University, Bangor, Gwynedd, LL57 2UW, U.K.519

224 Natural Resources Canada, Canadian Forest Service, Laurentian Forestry Centre, 1055 du520

P.E.P.S., PO Box 10380 Québec, QC G1V 4C7, Canada521
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Gallegos, Santa Cruz, Argentina776

383 National Commission of Scientist Research and Technology (CONICET), Argentina777

384 Laboratory of Biogeography & Ecology, Department of Geography, University of the Aegean,778

81100 Mytilene, Greece779

385 Department of Animal Ecology and Tropical Biology, Biocenter, University of Würzburg,780

Würzburg, Germany781

386 University of Cambridge, Cambridge, CB3 0DS, U.K.782

387 Conservation Science Group, Department of Zoology, University of Cambridge, Cambridge, CB2783

3EJ, U.K.784

388 Systematics and Evolution Laboratory, Department of Biology, Western Kentucky University,785

1906 College Heights Blvd., Bowling Green, KY 42101-3576, USA786

389 Department of Natural Resource Ecology and Management, Iowa State University, Ames, Iowa787

26
This	article	is	protected	by	copyright.	All	rights	reserved

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



50010, USA788
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424 Catedras CONACYT, CIIDIR, Unidad Oaxaca, IPN, Mexico853

28
This	article	is	protected	by	copyright.	All	rights	reserved

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



425 Universidad de Ciencias Aplicadas y Ambientales U.D.C.A., Cl 222 No. 55-37 Bogotá, Colombia854

426 School of Natural Resources and Environment, University of Michigan, Ann Arbor, Michigan855

48109, USA856

427 Department of Environmental Sciences, University of Virginia, Charlottesville, Virginia857

22904-4123, USA858

428 Blandy Experimental Farm, 400 Blandy Farm Lane, Boyce, Virginia 22620, USA859
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Abstract1015

The PREDICTS project - Projecting Responses of Ecological Diversity In Changing Terrestrial1016

Systems (www.predicts.org.uk) - has collated from published studies a large, reasonably representative1017
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database of comparable samples of biodiversity from multiple sites that differ in the nature or intensity1018

of human impacts relating to land use. We have used this evidence base to develop global and regional1019

statistical models of how local biodiversity responds to these measures. We describe and make freely1020

available this 2016 release of the database, containing more than 3.2 million records sampled at over1021

26,000 locations and representing over 47,000 species. We outline how the database can help in1022

answering a range of questions in ecology and conservation biology. To our knowledge this is the1023

largest and most geographically and taxonomically representative database of spatial comparisons of1024

biodiversity that has been collated to date; it will be useful to researchers and international efforts1025

wishing to model and understand the global status of biodiversity.1026

Keywords: global biodiversity modelling, data sharing, global change, habitat destruction, land use1027

Introduction1028

Many indicators are available for tracking the state of biodiversity through time, e.g., in order to1029

assess progress towards goals such as the Convention on Biological Diversity’s 2010 target or the1030

newer Aichi Biodiversity Targets (Pereira et al. 2013; Tittensor et al. 2014). Most of the available1031

indicators are taxonomically or ecologically narrow in scope, and many are based on the global status1032

of species (e.g., Butchart et al. 2010; Tittensor et al. 2014), because of the finality of extinction.1033

However, using a more representative set of taxa and considering local biodiversity offers several1034

advantages. First, average responses of species to human impacts typically vary among higher taxa1035

and ecological guilds (McKinney 1997; Lawton et al. 1998; Newbold et al. 2014; WWF International1036

2014), meaning that indicators need to be broadly based and as representative as possible, if they are1037

to be used as proxies for biodiversity as a whole. Second, the taxa for which most data on trends are1038

available (typically, charismatic groups such as birds or butterflies) are not always the most important1039

for the continued functioning of ecosystems and delivery of ecosystem services (Norris 2012). Third,1040

although many of the ultimate drivers behind biodiversity loss are global, the most important pressure1041

mechanisms usually act much more locally (Brook et al. 2013). Fourth, most ecosystem services1042

and their underpinning processes are mediated by local rather than global biodiversity (Grime 1998;1043

Cardinale et al. 2012): it is local rather than global functional diversity, for example, that determines1044

how ecosystems function in a given set of conditions (Steffen et al. 2015). Finally, presence/absence1045

and especially abundance of species at a site respond more rapidly to disturbance than extent of1046

geographic distribution or global/national extinction risk (Balmford et al. 2003; Collen et al. 2009;1047

Hull et al. 2015) so local changes are likely to be detected before large global changes or extinction.1048

For these reasons, there is a need to model the response of local biodiversity to human pressures1049
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and, thus, to estimate biodiversity changes at local scales, but across a wide spatial domain (ideally1050

globally) and for a wide range of taxa. We therefore need comparable high-quality data on local1051

biodiversity at different levels of human pressure, from many different taxa and regions. At present,1052

spatial comparisons of how biodiversity responds to variation in pressures provide the only feasible1053

way to collate a large, globally representative evidence base and to model responses to human impacts.1054

Although large temporal datasets are available (e.g., Butchart et al. 2004; Collen et al. 2009; Vellend1055

et al. 2013; Dornelas et al. 2014), they may not be sufficiently representative of anthropogenic pressures1056

for the trends they show to be taken at face value (Gonzalez et al. 2016). Furthermore, in the absence of1057

contemporaneous site-specific information about pressures, it is not straightforward to use these data1058

to model how biodiversity responds to pressures or to project changes into the future (but see Visconti1059

et al. 2015). Spatially extensive field data of suitable quality and resolution are time-consuming and1060

expensive to collect. The most convenient and readily available source of suitable biodiversity data1061

is the published literature: thousands of published papers are based on datasets that would be of1062

value to global modelling efforts. However, it has been rare for such papers to publish data in full,1063

even as supplementary information, meaning that many potentially valuable datasets are ‘dark data’1064

(Hampton et al. 2013), effectively at risk of being lost to science if they have not been lost already.1065

Since 2012, the PREDICTS project has been collating data on local biodiversity at different levels1066

of human pressure from published papers, where necessary contacting those papers’ corresponding1067

authors to request the underlying biodiversity data, species’ identities, and precise sampling locations.1068

We have enhanced the collated data by scoring site characteristics relating to human pressures such1069

as the predominant land use and how intensively the land is used by humans. We also used the1070

geographical coordinates of the sites to match them to a number of published spatially-explicit datasets.1071

The database has already been used to conduct global (e.g., Newbold et al. 2015, 2016a), regional1072

(De Palma et al. 2016) and national (Echeverŕıa-Londoño et al. 2016) analyses of the responses of1073

local biodiversity to land use and related human pressures. The database was first described by1074

Hudson et al. (2014) who published an interim version (March 2014) of the site-level metadata along1075

with a detailed description of how the database has been collated and validated. Since that time, the1076

database has nearly doubled in size. Here we describe the status of the database and make available1077

the full species-level data themselves (not just the site metadata previously released) to facilitate other1078

research, especially into human impacts on ecological assemblages. We also include suggestions for1079

how the database can be used.1080
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Methods1081

We sought datasets describing the abundance or occurrence of species, or the diversity of ecological1082

assemblages of species at multiple sites in different land uses or at different levels of other human1083

pressures (e.g., differing levels of land-use intensity). Data were primarily collated through sub-projects1084

on particular regions, land uses or taxa. We also made general requests for data at conferences and1085

through published articles (Newbold et al. 2012; Hudson et al. 2013b, 2014). Through the course of1086

the project, searches were increasingly targeted toward under- or unrepresented regions, biomes or1087

taxa, in order to mitigate biased coverage in the literature.1088

To be included in the database, data were required to meet the following criteria: 1) the dataset1089

was part of a published work, or the sampling methods were published; 2) the same sampling procedure1090

was carried out at each site within each study (sampling effort was permitted to vary so long as it1091

was recorded for each site); and 3) we could acquire the geographical coordinates of each sampled1092

site. Where the author of the original publication was unable to supply the geographical coordinates,1093

sites were georeferenced from maps in the publication (Hudson et al. 2014). Sites’ land use - primary1094

vegetation, secondary vegetation (divided according to stage of recovery into mature, intermediate1095

and young; or indeterminate where information on stage was unavailable), plantation forest, cropland,1096

pasture and urban - and, within each land-use class, intensity - minimal, light and intense - were1097

classified from the description given in the source publication or information subsequently provided1098

by data contributors (see Hudson et al. 2014 for full details). These land-use categories were chosen1099

to be as compatible as possible with those used in the harmonised land-use scenarios for 1500-21001100

(Hurtt et al. 2011) in order to facilitate spatial and temporal projections of modelled land-use effects1101

on biodiversity (e.g., Newbold et al. 2015). For some sites, land use and/or use intensity could not be1102

established, so were given missing values.1103

The data were arranged in a hierarchical structure. The data from an individual published work,1104

typically a published paper, constituted a ‘DataSource’. Where different sampling methods were used1105

within a DataSource, for example because different taxonomic groups were collected, and the data1106

were made available separately, the data were divided into separate ‘Studies’. Data from a given1107

DataSource were also split into multiple Studies if they covered large geographic areas (e.g., several1108

countries), to reduce the effect of biogeographic differences within Studies. Each Study contained a1109

set of sampled ‘Sites’ and ‘Taxa’; at each Site a set of ‘Measurements’ (typically the abundance or1110

occurrence of a set of taxa) were taken. The provided database extracts contain, for each Site, the raw1111

measurement values, the sampling efforts and, where relevant, the effort-corrected abundance values1112

(corrected across Sites within a Study by dividing the abundance measurement by sampling effort,1113
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assuming that sampled abundances increase linearly with sampling effort, after first rescaling effort1114

values within each Study to a maximum value of one). The measurements were not corrected for1115

different detectability (MacKenzie et al. 2002; Hayward et al. 2015).1116

It is important to note that the data in the database are often not exactly the same as those used1117

in the source papers. Numbers of sites may differ because datasets provided may have been partial1118

or included extra sites, or because we have aggregated or disaggregated data differently. Likewise,1119

numbers of taxa may differ because of curation or because more data were provided than had been1120

used in the source paper. Because our focus was to make these data as useful as possible for PREDICTS1121

analyses, rather than to act as a repository for datasets from previous publications, it will often not1122

be possible to use these data to replicate the analyses presented in the source papers.1123

We were limited by the rate at which we could process new data because so many datasets were1124

contributed. This led to the development of a backlog, which we had to clear by the end of the first1125

phase of funding for PREDICTS. During this stage of the project, in order to process all the datasets1126

in hand within the time available, we focused our efforts on the fields shown to be most important in1127

our models to that point (Newbold et al. 2014, 2015; De Palma et al. 2015). As a result, DataSources1128

processed since early 2015 often lack data for some fields, including coordinate precision and maximum1129

linear extent; details of the potentially affected fields are listed in Supplementary File S1.1130

Team members were trained in how to score datasets received, using written definitions and1131

descriptions of fields and terms, as well as practice datasets. All data underwent basic validation checks1132

to ensure values entered in each field were appropriate (Hudson et al. 2014). Geographical coordinates1133

were visually inspected on a map after entry into the database, and our software automatically1134

detected coordinates falling outside of the expected country (e.g., because latitude and longitude1135

values were accidentally swapped). For the calculation of biodiversity metrics such as species richness,1136

we accepted the identifications of species provided by the authors of the source publications; these were1137

determined at the time of the original research, and so will not reflect subsequent taxonomic changes1138

or re-identifications. We also matched taxonomic names to the Catalogue of Life 2013 checklist (COL;1139

Roskov et al. 2013), allowing us to validate many of the names, assess taxonomic coverage and relate1140

measurements to species-level datasets such as those describing ecological traits. We make available1141

both the original species classifications and those from COL (field names are given in Supplementary1142

File S1). We reviewed and corrected a number of potential error cases, such as names without a1143

matching COL record, and names for which the higher taxonomic rank of the matching COL record1144

was unexpected (e.g., a COL record for a true fly within a Study that examined birds). Many more1145

validation checks were applied; a complete description is in Hudson et al. (2014).1146
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Results1147

Geographical coverage1148

This release of the PREDICTS database contains 3,250,404 records, from 26,114 sampled Sites (Figure1149

1), collated from 480 DataSources and 666 Studies. The data represent all of the world’s 14 terrestrial1150

biomes, in approximate proportion to their contribution to global total primary productivity (Figure1151

2). The sampled Sites span 94 of the world’s countries (including all 17 megadiverse countries;1152

Mittermeier et al. 1997), 281 of the 814 terrestrial ecoregions (The Nature Conservancy 2009) and1153

32 of Conservation International’s 35 biodiversity hotspots (Myers et al. 2000; circles on Figure 3).1154

Although the database focuses on land use, it also includes data from regions that have so far seen1155

relatively little land-use change, such as some high biodiversity wilderness areas (Mittermeier et al.1156

2003; squares on Figure 3).1157

Taxonomic coverage1158

Records in the PREDICTS database represent 47,044 species (see Hudson et al. 2014 for how species1159

numbers are estimated in the face of imprecise taxon names), which is over 2% of the number thought1160

to have been formally described (Chapman 2009) - 29,737 animals, 15,545 plants, 1,759 fungi and 31161

protists. The taxonomic distribution of taxa in the database is in rough proportion to the numbers of1162

described species in major taxonomic groups of animals and plants (Figure 4), and the data represent1163

more than 1% as many species as have been described in the following groups: Amphibia, Arachnida,1164

Archaeognatha, Ascomycota, Aves, Basidiomycota, Bryophyta, Chilopoda, Coleoptera, Collembola,1165

Dermaptera, Diptera, Embioptera, Ferns and allies, Glomeromycota, Gymnosperms, Hemiptera,1166

Hymenoptera, Isoptera, Lepidoptera, Magnoliophyta, Mammalia, Mantodea, Mecoptera, Neuroptera,1167

Odonata, Onychophora, Orthoptera, Reptilia, Symphyla and Zoraptera (Figure 4). Vertebrates -1168

and especially birds - are over-represented owing to biases in the published literature (Figure 4), but1169

less so than in many other data compilations (e.g., over half of the records currently in the Global1170

Biodiversity Information Facility [GBIF] are of birds; www.gbif.org, accessed in April 2016). Most1171

Studies in the PREDICTS database sampled at least multiple families, if not multiple orders, classes,1172

phyla or even kingdoms (Figure 5). However, some Studies sampled only a single family, genus or1173

even species (Figure 5).1174
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Temporal coverage1175

We focused primarily on data sampled since 2000 because most global layers describing human pressure1176

are collected after this year and, in particular, to facilitate use of contemporaneous Moderate-resolution1177

Imaging Spectroradiometer (MODIS) remotely sensed data (Justice et al. 1998; Tuck et al. 2014) in1178

modelling. However, in filling certain taxonomic and geographic gaps, we also collated some data that1179

were sampled before 2000 (Figure 6). Data are sparse after 2012 because of the natural time lags1180

between data collection in the field, publication and then assimilation into the PREDICTS database1181

(Figure 6).1182

Data access and structure1183

This 2016 release of the database - the complete dataset and also site-level summaries - is available1184

on the data portal of the Natural History Museum, London (10.5519/0066354) as comma-separated1185

variable (CSV) files and as RDS files, the latter for use with the R statistical modelling language (R1186

Core Team 2015; RDS files were generated using R 3.3.1). A complete description of the columns in1187

the extracts, along with a visualisation of the database schema, is given in Supplementary File S1.1188

This paper makes all the data in this version of the database freely available to anyone wishing to1189

use them for any purpose. The terms of the licence require that anyone publishing research based on1190

these data should cite this paper and/or the original sources of the data used, as appropriate. The1191

dataset at 10.5519/0066354 contains bibliographic information for all DataSources in both CSV and1192

BibTeX formats.1193

Discussion1194

The PREDICTS database is designed to be able to address a range of questions about how land use1195

and related pressures have influenced the occurrence and abundance of species and the diversity of1196

ecological assemblages. The highly structured nature of the data, with comparable surveys having1197

been done at each Site within a Study, was chosen to facilitate such modelling. Table 1 identifies a1198

range of longstanding general questions for which the PREDICTS data may be useful, referencing1199

early papers addressing questions of each type. It also outlines the steps required to tackle each kind1200

of question, in conjunction with other information about the Sites and species where necessary, and1201

refers to papers that have done so.1202

Changes in attitudes to - and the increasing ease of - data-sharing have contributed to rapid1203

growth in open compilations of structured biodiversity data and related pressure data targeted towards1204
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particular kinds of research question. Examples of data types featured in such compilations include1205

population time series (e.g., Inchausti & Halley 2001), assemblage time series (e.g., Dornelas et al.1206

2014), assemblage inventories (e.g., Thibault et al. 2011) and species traits (e.g., Madin et al. 2016).1207

Other projects have collated or are collating large compilations of structured biodiversity data, such1208

as BIOFRAG (Pfeifer et al. 2014; habitat fragmentation), BIOTIME (The BioTIME research group1209

2016; detailed time-series data, still being compiled) and GLOBIO3 (Alkemade et al. 2009; pristine1210

versus disturbed habitats, not publicly available).1211

The largest open compilation of biodiversity data is the Global Biodiversity Information1212

Facility (GBIF; www.gbif.org), which aggregates mostly unstructured species occurrence data. The1213

unstructured nature of most GBIF data limits the range of questions to which they can easily be1214

put, though they are increasingly used in modelling species distributions (e.g., Pineda & Lobo 2008)1215

and habitat suitability (e.g., Ficetola et al. 2015). As of April 2016, GBIF holds over 560 million1216

georeferenced occurrence records of around 1.5 million species, though coverage is taxonomically1217

uneven (e.g., most records are of birds) and patchy even among the best-recorded groups (Meyer1218

et al. 2015).1219

Databases of species traits continue to be collated and published, many of them are relevant to1220

taxa in the PREDICTS database. Recent examples include mammalian generation time (Pacifici1221

et al. 2013), a variety of mammalian traits (Jones et al. 2009), foraging attributes of birds and1222

mammals (Wilman et al. 2014), field metabolic rates of birds and mammals (Hudson et al. 2013a) and1223

functional traits of vascular plants (Kattge et al. 2011). Additional databases provide more abstract1224

concepts such as species’ threat status (International Union for Conservation of Nature 2016) and1225

estimates of the degrees of protection required (Convention on International Trade in Endangered1226

Species of Wild Fauna and Flora 2016). Relating such data with measurements in the PREDICTS1227

database makes possible investigation into how traits mediate species’ responses to changes in land1228

use and land-use intensity. Examples of published analyses have examined habitat specialisation and1229

geographical range size of birds and mammals (Newbold et al. 2014), functional traits of vascular plants1230

(Bernhardt-Römermann et al. 2011), and a range of morphometric, physiological and functional traits1231

of bees (De Palma et al. 2015); see Table 1, Q. 3.1232

Although our targeting of data from under-represented biomes and taxa (Hudson et al. 2014)1233

reduces the effects of geographic and taxonomic biases in available data, the PREDICTS database1234

nonetheless has many limitations, of which four are particularly important to note. First, our1235

individual data sets seldom take a whole-ecosystem perspective, being instead taxonomically or1236

ecologically restricted; consequently, our data shed little light on how trophic webs or other interactions1237
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are affected by human pressures. Second, even within the groups sampled, our data do not provide1238

complete inventories of the species that would be found with comprehensive sampling; thus, failure1239

to record a species from a Site does not provide strong evidence of absence. Third, Latin binomials1240

were not available for a sizeable fraction of the species in our DataSources, limiting the prospects1241

for linking the observations of occurrence and abundance to other information about the species (e.g.,1242

functional traits; Kattge et al. 2011). Last, because our database was designed to test hypotheses about1243

local-scale variation in biodiversity, it is not particularly informative about large-scale biodiversity1244

patterns such as the latitudinal gradient in species richness or how pressures with a coarse spatial1245

grain (e.g., atmospheric nitrogen deposition; Simkin et al. 2016) influence Site-level diversity.1246

When using the PREDICTS database, or indeed any database, to model biodiversity responses it is1247

important to be aware of potential mismatches in scale between Site-level data and pressure data such1248

as MODIS remotely sensed data (Justice et al. 1998) and the harmonised land-use scenarios (Hurtt1249

et al. 2011), and also between Site-level response variables and the scales of interest. The PREDICTS1250

database contains some structural features that help with these issues. First, we assigned the Site-level1251

land-use and use-intensity classifications based on the authors’ descriptions of the habitats so these1252

classifications do not suffer from the problem of scale mismatch. Second, Sites are represented as1253

precisely as possible: Sites often represent individual quadrats, traps or other points within a broader1254

sampling regime (such as a transect), and we recorded (as latitude and longitude) the coordinates of1255

each Site rather than aggregating them into coarser summaries across the broader sampling regime.1256

Third, where the relevant information was available, we also recorded the maximum extent of sampling1257

as a linear value in metres (for 22,199 Sites); see Hudson et al. (2014) for details. Users of the database1258

therefore have flexibility in deciding how measurements in the PREDICTS database are related to1259

available pressure data. Possible solutions to scale mismatches between biodiversity data and pressure1260

data would be 1) to exclude from analyses any Sites where the extent of sampling is substantially1261

greater than the grain-size of the pressure data; or 2) to conduct some sort of spatial averaging of the1262

pressure data. Novel methods have been published both for downscaling pressure data (e.g., Hoskins1263

et al. 2016) and for upscaling local biodiversity measurements to estimate changes in gamma diversity1264

over broader areas (e.g., Azaele et al. 2015); both approaches offer potential solutions to mismatches1265

in scale.1266

The PREDICTS database continues to increase in size and currently contains a further 22 Studies1267

with embargo dates that prevent their inclusion in this release. We intend to publish occasional updates1268

to make these data freely available. We have also received a number of further offers of datasets that we1269

hope to incorporate into the database and include in future releases. There are three priority categories1270

41
This	article	is	protected	by	copyright.	All	rights	reserved

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



of data that we are still seeking actively: bees from outside Western Europe; soil invertebrates1271

and fungi; and geographic islands. The current database focuses entirely on spatial ‘control-impact’1272

comparisons. A follow-on project that has recently begun focuses instead on temporal comparisons,1273

collating data from ‘before-after’ and (especially) ‘before-after-control-impact’ studies of the effects of1274

land-use change on terrestrial assemblages. We are therefore seeking datasets, linked to peer-reviewed1275

publications, of comparable species-level surveys conducted at each sampling location, with temporal1276

changes in land use and/or land-use intensity. If corresponding authors of such papers wish to offer1277

their data please complete our online form, available at www.predicts.org.uk/contribute.html. As with1278

PREDICTS, the new project will seek to make its data freely available.1279
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Figure captions1300

Figure 1: Sampling locations. Map colours indicate biomes, taken from the Terrestrial Ecoregions
of the World dataset (The Nature Conservancy 2009), shown in a geographic (WGS84) projection.
Circle radii are proportional to log10 of the number of samples at that Site. All circles have the same
degree of partial transparency. Sites added to the database since Hudson et al. (2014) are shown in
pink.

Figure 2: Coverage of biomes. The percentage of Studies (A and B), Sites (C and D) and samples
(E and F) against percentages of terrestrial NPP (Net Primary Productivity, computed as in Hudson
et al. 2014; A, C and E) and terrestrial area (B, D and F). Biome codes and colours are as in Figure
1.

Figure 3: Numbers of Sites against the areas of biodiversity hotspots and of high biodiversity wilderness
areas (HBWAs). Hotspots are shown by circles and HBWAs by squares; symbols are coloured by the
predominant biogeographic realm in which they fall. Hotspots are 1 California Floristic Province, 2
Madrean Pine-Oak Woodlands, 3 Atlantic Forest, 4 Caribbean Islands, 5 Cerrado, 6 Chilean Winter
Rainfall and Valdivian Forests, 7 Mesoamerica, 8 Tropical Andes, 9 Tumbes-Choco-Magdalena, 10
Irano-Anatolian, 11 Japan, 12 Mediterranean Basin, 13 Mountains of Central Asia, 14 Mountains
of Southwest China, 15 Cape Floristic Region, 16 Coastal Forests of Eastern Africa, 17 Eastern
Afromontane, 18 Guinean Forests of West Africa, 19 Madagascar and the Indian Ocean Islands, 20
Maputaland-Pondoland-Albany, 21 Succulent Karoo, 22 Himalaya, 23 Indo-Burma, 24 Philippines, 25
Sundaland, 26 Western Ghats and Sri Lanka, 27 East Melanesian Islands, 28 Forests of East Australia,
29 New Zealand, 30 Southwest Australia, 31 Wallacea, 32 Polynesia-Micronesia and HBWAs are 33
Amazonia, 34 Congo Forests, 35 New Guinea, 36 North American Deserts. Unrepresented are the
hotspots Caucasus, Horn of Africa, New Caledonia and the HBWA Miombo-Mopane Woodlands and
Savannas.

Figure 4: Taxonomic coverage. The numbers of species in our database against the numbers of
described species within each of 59 higher taxa, as estimated by Chapman (2009), on logarithmic
axes. Vertebrates are shown in red, arthropods in pink, other animals in grey, plants in green and
fungi in blue. The dashed, solid and dotted lines indicate 10, 1 and 0.1% representation, respectively.
Groups with just a single species represented (Diplura and Zoraptera) are not shown.

Figure 5: Number of Studies by lowest common taxonomic group.

Bars show the number of Studies within each lowest common taxon (so, one Study examined the1301

species Swietenia macrophylla, three Studies examined the species Bombus pascuorum, ten Studies1302

examined multiple species within the genus Bombus, and so on). Colours are as in Figure 4. Numbers1303

on the right are the primary references from which data were taken: 1 Basset et al. (2008), 2 Buscardo1304

et al. (2008), 3 Christensen & Heilmann-Clausen (2009), 4 Domı́nguez et al. (2012), 5 López-Quintero1305

et al. (2012), 6 Nöske et al. (2008), 7 Norton et al. (2006), 8 Peri et al. (2013), 9 Robinson & Williams1306

(2011), 10 Barratt et al. (2005), 11 Bonham et al. (2002), 12 Boutin et al. (2009), 13 Carpenter et al.1307

(2012), 14 Gaigher & Samways (2010), 15 Ge et al. (2012), 16 Hayward (2009), 17 Leighton-Goodall1308
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(2007), 162 Cockle et al. (2005), 163 Dallimer et al. (2012), 164 Dawson et al. (2011), 165 Dures &1349

Cumming (2010), 166 Edenius et al. (2011), 167 Farwig et al. (2008), 168 Flaspohler et al. (2010), 1691350
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Figure 6: Spatiotemporal sampling coverage. Site sampling dates are shown by biome. Each Site is
represented by a circle and line. Circle radii are proportional to log10 of the number of samples at that
Site. Circle centers are at the midpoints of Site sampling dates; lines indicate the start and end dates
of sampling. Y-values have been jittered at the Study level. Circles and lines have the same degree of
partial transparency. Biome colours and letters are as in Figure 1.

1436
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Tables1437

Question Early example references Approach Example using
PREDICTS database

Questions about taxa

Q 1. What factors influence the occurrence
and/or abundance of a particular focal
species?

Austin et al. (1990) Filter to remove species not of interest. Merge PREDICTS
data with data on any additional site-level characteristics of
interest. One possible analytical approach is to model effects
of site characteristics on presence-absence and log (abundance
when present) separately, the first with binomial errors
and the second with Gaussian errors, while accounting for
among-Study differences (e.g., by using mixed-effects models).

-

Q 2. Do changes in land-use facilitate success
of invasive species?

Dukes & Mooney (1999);
Theoharides & Dukes (2007)

Obtain lists of invasive species for the regions of interest and
model presence-absence and/or abundance of invasives as
above.

-

Q 3. Which ecological attributes of species
make them more or less sensitive to
human pressures?

McKinney (1997);
Davies et al. (2000);
Cardillo et al. (2005)

Merge PREDICTS data with species-level data on traits of
interest. Model how site and species characteristics affect
presence-absence and log (abundance when present) separately
as above, accounting for Study-level and taxon-level differences
(e.g., by using mixed-effects models).

Newbold et al. (2014);
De Palma et al. (2015)

Q 4. Which taxa have species that are more
sensitive to human pressures, and which
have less sensitive species?

Lawton et al. (1998);
Mace & Balmford (2000);
Gibson et al. (2011)

Add taxonomic group into models above as a fixed effect
interacting with other fixed effects.

-

Q 5. Are phylogenetically distinct species
particularly sensitive?

Gaston & Blackburn (1997);
Purvis et al. (2000)

Analyse phylogenetic distinctiveness or unique evolutionary
history in the same way as ecological attributes.

-

Q 6. What are the relationships between
geographic range size or occupancy and
abundance?

Brown (1984) Merge PREDICTS data with species-level data on range sizes
or occupancy. Filter to the land uses of interest (e.g., primary
vegetation if the focus is on natural systems), and examine
within-Study relationship between abundance and relative
range size or occupancy.

-

Q 7. Do suitability estimates from
environmental niche models predict
abundance?

VanDerWal et al. (2009) Use other data on occurrences of species to fit niche models
for all species in within selected Studies, and thereby estimate
suitability of each Site. Various modelling options are then
possible depending on the precise question: e.g., fit land use
interacting with suitability when modelling abundance in order
to test whether any correlation depends on land use.

-
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Question Early example references Approach Example using
PREDICTS database

Questions about Sites

Q 8. Which land uses and other Site-level
pressures have the strongest net impact
on levels of local biodiversity?

Lawton et al. (1998);
Gibson et al. (2011)

Aggregate biodiversity data within a site to estimate relevant
diversity metric (e.g., within-sample species richness, total
abundance, rarefaction-based richness, species evenness).
Merge Site-level biodiversity data with any additional data on
Site-level characteristics of interest (e.g., from remotely-sensed
data) if required. Model Site-level diversity as a function
of Site characteristics while accounting for among-Study
differences (e.g., by using mixed effects models).

Fig 1b, 1c in
Newbold et al. (2015)

Q 9. How do land use and other pressures
reduce compositional intactness?

Scholes & Biggs (2005) Because net changes are affected by gains of non-native
species as well as losses of those originally present, modelling
compositional intactness gives a more sensitive indication of
human impacts. Model Site-level abundance as a function
of pressures as above, and how compositional similarity to
assemblages in primary vegetation differs among land uses.
Combine these models to estimate the Biodiversity Intactness
Index (Scholes & Biggs 2005) - the average abundance of
a diverse set of species, relative to their abundance in an
unimpacted assemblage.

Newbold et al. (2016a)

Q 10. Do land use and related pressures
influence community trait values?

Garnier et al. (2007) Combine data on species’ occurrences or abundance with trait
data to obtain average or community-weighted mean trait
values, which can then be modelled like the Site-level response
variables above.

Fig 1d in
Newbold et al. (2015)

Q 11. Does the biotic response to a given
pressure vary regionally?

Gibson et al. (2011) Add region as a fixed effect and test for interaction with other
fixed effects.

-

Q 12. Which characteristics of Sites (e.g.,
duration of human impact and rate of
climate change) mean that given land-use
changes have particularly severe effects on
biodiversity?

Balmford (1996)
Travis (2003)

Merge Site-level diversity data with Site-level data on
characteristics to be tested, and assess the interaction of these
variables with land use.

Gray et al. (2016)

Q 13. How accurate are global land-use data? Giri et al. (2005) Use Site-level land use data to calculate the receiver operating
characteristic curve (i.e., sensitivity versus false positive rate),
using the area under the curve to quantify agreement.
An extension of this could be to use the PREDICTS Site-level
land use data as input into land use/land cover classification
procedures e.g., by the remote sensing community, or at least
use PREDICTS data to cross-check and validate land use and
land cover maps with independent PREDICTS data.

Hoskins et al. (2016)
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Question Early example references Approach Example using
PREDICTS database

Questions above the Site level

Q 14. Is beta diversity lower in
human-dominated than more natural
land uses?

Tylianakis et al. (2005) Estimate desired measures of similarity among Sites within
studies. Model how biotic similarity among Sites depends on
similarity of other attributes (including e.g., characteristics
from remote sensing or Dynamic Global Ecosystem Models if
required), accounting for among-Study differences (e.g., using
mixed effects models).

Newbold et al. (2016b)

Q 15. Are land-sparing or land-sharing
strategies optimal for local biodiversity?

Green et al. (2005) Analyse species by Sites and by Study and relate back to
Q. 1. The overarching question about sparing versus sharing
can be addressed by looking at the individual responses of
species to land use intensity, as measured by yield suggested
by Green et al. (2005); this requires data on agricultural yields
at relevant Sites in the PREDICTS database.

-

Other questions

Q 16. How accurate are current extent of
occurrence/range maps e.g., those
produced by International Union for
Conservation of Nature (2016)?

- Cross check existing extents of occurrence and ranges with
PREDICTS data.

-

Q 17. How representative are species
catalogues?

- Query clade-level (e.g., The Plant List, World List of
Mammalian Species, Platnick’s Spider Catalogue) and
aggregated (e.g., Encyclopedia of Life and Catalogue of
Life) lists with the Latin binomials and trinomials that were
provided to PREDICTS by the data collectors. Subquestions
include

• How does coverage vary among taxonomic groups?

• How does coverage depend on region?

• Are there substantial differences among the aggregated
services?

• How well are synonyms and homonyms represented and
resolved?

-

Table 1: Questions that could be answered using the PREDICTS database.
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57 (Suppl. n. 1), 83–92.1447

Alberta Biodiversity Monitoring Institute (ABMI) (2013) The raw soil arthropods dataset and1448

the raw trees & snags dataset from Prototype Phase (2003-2006) and Rotation 1 (2007-2012).1449

http://www.abmi.ca1450

Albertos, B., Lara, F., Garilleti, R. & Mazimpaka, V. (2005) A survey of the epiphytic bryophyte flora1451

in the northwest of the Iberian Peninsula. Cryptogamie, 26 (3), 263–289.1452

Alcala, E. L., Alcala, A. C. & Dolino, C. N. (2004) Amphibians and reptiles in tropical rainforest1453

fragments on Negros Island, the Philippines. Environmental Conservation, 31 (3), 254–261. 10.1454

1017/s0376892904001407.1455

Alcayaga, O. E., Pizarro-Araya, J., Alfaro, F. M. & Cepeda-Pizarro, J. (2013) Spiders (Arachnida,1456

Araneae) associated to agroecosystems in the Elqui Valley (Coquimbo Region, Chile). Revista1457
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com diferentes ńıveis de alteração em Santa Maria, Rio Grande do Sul. MSc thesis, Universidade1785

Federal de Santa Maria, Santa Maria, Brazil.1786

Dallimer, M., Parnell, M., Bicknell, J. E. & Melo, M. (2012) The importance of novel and agricultural1787

habitats for the avifauna of an oceanic island. Journal for Nature Conservation, 20 (4), 191–199.1788

10.1016/j.jnc.2012.04.001.1789

62
This	article	is	protected	by	copyright.	All	rights	reserved

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



D’Aniello, B., Stanislao, I., Bonelli, S. & Balletto, E. (2011) Haying and grazing effects on the1790

butterfly communities of two Mediterranean-area grasslands. Biodiversity and Conservation, 20 (8),1791

1731–1744. 10.1007/s10531-011-0058-4.1792

Danquah, E., Oppong, S. K. & Nutsuakor, M. E. (2012) Effect of protected area category on mammal1793

abundance in Western Ghana. Journal of Biodiversity and Environmental Sciences, 2 (8), 50–57.1794

Darvill, B., Knight, M. E. & Goulson, D. (2004) Use of genetic markers to quantify bumblebee foraging1795

range and nest density. Oikos, 107 (3), 471–478. 10.1111/j.0030-1299.2004.13510.x.1796

Davies, K. F., Margules, C. R. & Lawrence, J. F. (2000) Which traits of species predict population1797

declines in experimental forest fragments? Ecology, 81 (5), 1450–146. 10.1890/0012-9658(2000)1798

081[1450:WTOSPP]2.0.CO;2.1799

Davis, A. L. V. & Philips, T. K. (2005) Effect of deforestation on a southwest Ghana dung beetle1800

assemblage (Coleoptera: Scarabaeidae) at the periphery of Ankasa conservation area. Environmental1801

Entomology, 34 (5), 1081–1088. 10.1603/0046-225x(2005)034[1081:eodoas]2.0.co;2.1802

Davis, E. S., Murray, T. E., Fitzpatrick, U., Brown, M. J. F. & Paxton, R. J. (2010) Landscape effects1803

on extremely fragmented populations of a rare solitary bee, Colletes floralis. Molecular Ecology,1804

19 (22), 4922–4935. 10.1111/j.1365-294x.2010.04868.x.1805

Dawson, J., Turner, C., Pileng, O., Farmer, A., McGary, C., Walsh, C., Tamblyn, A. & Yosi, C. (2011)1806

Bird communities of the lower Waria Valley, Morobe Province, Papua New Guinea: a comparison1807

between habitat types. Tropical Conservation Science, 4 (3), 317–348.1808

D’Cruze, N. & Kumar, S. (2011) Effects of anthropogenic activities on lizard communities in northern1809

Madagascar. Animal Conservation, 14 (5), 542–552. 10.1111/j.1469-1795.2011.00459.x.1810

de Lima, R. F., Dallimer, M., Atkinson, P. W. & Barlow, J. (2013) Biodiversity and land-use1811

change: understanding the complex responses of an endemic-rich bird assemblage. Diversity and1812

Distributions, 19 (4), 411–422. 10.1111/ddi.12015.1813

De Palma, A., Abrahamczyk, S., Aizen, M. A., Albrecht, M., Basset, Y., Bates, A., Blake, R. J.,1814
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E., Armbrecht, I., Boekhout, T., Cabra-Garćıa, J., Dominguez-Haydar, Y., Nates-Parra, G.,1886

Gutiérrez-Lamus, D., Higuera, D., Isaacs-Cubides, P. J., López-Quintero, C., Martinez, E.,1887
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931–941.2698

93
This	article	is	protected	by	copyright.	All	rights	reserved

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



Parry, L., Barlow, J. & Peres, C. A. (2009) Hunting for sustainability in tropical secondary forests.2699

Conservation Biology, 23 (5), 1270–1280. 10.1111/j.1523-1739.2009.01224.x.2700

Pearman, P. B. (2002) The scale of community structure: habitat variation and avian guilds in tropical2701

forest understory. Ecological Monographs, 72 (1), 19–39. 10.2307/3100083.2702

Pe’er, G., van Maanen, C., Turbe, A., Matsinos, Y. G. & Kark, S. (2011) Butterfly diversity at the2703

ecotone between agricultural and semi-natural habitats across a climatic gradient. Diversity and2704

Distributions, 17 (6), 1186–1197. 10.1111/j.1472-4642.2011.00795.x.2705

Pelegrin, N. & Bucher, E. H. (2012) Effects of habitat degradation on the lizard assemblage in the Arid2706

Chaco, central Argentina. Journal of Arid Environments, 79, 13–19. 10.1016/j.jaridenv.2011.11.004.2707

Pereira, H. M., Ferrier, S., Walters, M., Geller, G. N., Jongman, R. H. G., Scholes, R. J., Bruford,2708

M. W., Brummitt, N., Butchart, S. H. M., Cardoso, A. C., Coops, N. C., Dulloo, E., Faith, D. P.,2709
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D

C

B

A

Mangroves

Tropical & Subtropical
Moist Broadleaf Forests

Tropical & Subtropical
Dry Broadleaf Forests

Flooded Grasslands & Savannas

Tropical & Subtropical
Coniferous Forests

Tropical & Subtropical
Grasslands,

Savannas & Shrublands

Deserts & Xeric Shrublands

Mediterranean Forests,
Woodlands & Scrub

Temperate Grasslands,
Savannas & Shrublands

Montane Grasslands & Shrublands

Temperate Broadleaf & Mixed Forests

Temperate Conifer Forests

Boreal Forests/Taiga

Tundra
 50 sites

 1,582 samples

 1,093 sites
 107,082 samples

 678 sites
 44,205 samples

 7,949 sites
 885,357 samples

 1,029 sites
 299,545 samples

 1,736 sites
 244,793 samples

 1,952 sites
 180,163 samples

 314 sites
 18,861 samples

 2,699 sites
 248,114 samples

 419 sites
 39,879 samples

 12 sites
 144 samples

 632 sites
 35,957 samples

 7,517 sites
 1,142,127 samples

 34 sites
 2,577 samples
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