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 Ecoregions as a Basemap for Conservation Planning and Accounting

Ecoregions, in the simplest definition, are ecosystems of regional extent. Specifically, ecoregions represent geographically distinct assemblages of biodiversity―all taxa, not just vegetation―whose boundaries encompass the space required to sustain key ecological processes. Ecoregions are particularly well-suited to conservation planning: they draw on natural, rather than political, boundaries; define distinct biogeographic assemblages and ecological habitats within biomes; and assist in the representation of Earth’s biodiversity (Olson et al. 2001, Wikramanayake et al. 2002, Loveland and Merchant 2004, Loyola et al. 2009, Moilanen et al. 2012). 
The terrestrial ecoregions (Olson et al. 2001) were derived from a qualitative effort, informed by expert opinion, to quilt together a global map of biogeographic units that were largely adopted by local and regional biogeographers and governments and which were, subsequently, fit within a framework of standard global biomes, realms, and naming conventions. 
Delineation of ecoregions followed an evaluation of extant biogeographic systems or detailed vegetation maps that provide a foundation for identifying distinct biotas based on species distributions. Boundaries were joined across adjacent systems and ecoregions were categorized into realms and biomes and given names that reflected major habitats and geographies. The 2001 mapping effort strived for a similar level of biogeographic resolution across the globe. 
The first Olson et al. (2001) map of ecoregions was based upon more than 100 years of biogeographic scholarship, including extensive field investigations. For this reason, ecoregions reflect the on-the-ground distribution of regional biotas differently than do biogeographic units derived from parametric approaches. Ecoregions are but one way to map biogeographic data, lacking for example, the transparency of biogeographic maps derived from such parametric approaches (e.g. Bailey 1989, 1998, 2005, Whittaker et al. 2005, Ferrier et al. 2007, Mackey et al. 2008, Ebach and Parenti 2015). Empirical studies and modeled global datasets for various taxa have become available and improved since 2001; they now provide tests of ecoregion boundaries derived by either expert-driven or parametric modeling (Williams 1996, Williams et al. 1999, Kreft and Jetz 2004, Magnusson 2004, Kier et al. 2005, Mutke and Barthlott 2005, Mackey 2008, Linder et al. 2012, Jenkins et al. 2013).  
A Summary of Revisions
For this paper, a global review of units and boundaries was undertaken to incorporate advances in biogeographic scholarship since publication of the 2001 map. We recommend that this new version— Ecoregions2017©RESOLVE— be substituted for the map published in Olson et al. (2001). 
We employed the same approach for ecoregion review and updating as in the 2001 analysis. For most regions and ecoregions we only made minor changes, in a very few cases we shifted biome or realm lines, and used new geospatial data to better delineate ecoregion boundaries. For example, the new map offers a more accurate delineation of the 1000 m asl line that separates in our system lowland from sub-montane and montane tropical forests. Where we updated a few ecoregion boundaries or erected new units from older units, we again aimed to achieve a similar level of biogeographic resolution across the terrestrial realm and apply a standard classification to nest these modified units in the appropriate biome and realm. The original ecoregion naming convention was applied; all revisions are detailed in SM1 Table S1. 
At the coarsest level of resolution, biogeographic realms were largely left unchanged after evaluation of recent interpretations. There were some minor revisions in the Afrotropical and Palearctic boundary in the Southern Arabian Peninsula which were made due to revision of ecoregions in these realms (Procheş and Ramdhani 2012, Holt et al. 2013, Kreft and Jetz 2014, Morrone 2014a, 2014b, Ebach and Parenti 2015). The Al Hajar montane woodlands and shrublands and Red Sea coastal desert shifted biogeographic realms.

At the ecoregion scale, the revised map includes 846 ecoregions, 5% of which are new (although these new units were derived from ecoregions after polygons published in Olson et al. 2001). Revisions were limited to four main areas: the southern boundary of the Nearctic, the Antarctic, the drier and desert areas of the Afrotropics, and Australasia (excluding New Zealand; Table S1). Forty-eight ecoregions were mapped as new, distinct units from the previous map, 20 were deleted, and the boundaries of 210 were slightly modified. In addition, the names of 76 ecoregions were changed to better reflect habitat type and geography. Nine ecoregions were reclassified under a different biome (Angolan Scarp savanna and woodlands, Southwest Arabian montane woodlands and grasslands, Middle Atlantic US coastal savannas, Southeastern US conifer savannas, Southeastern US mixed woodlands and savannas, Willamette Valley oak savanna, Caatinga, Belizean pine savanna, and Miskito pine savannas). These realm and biome changes were based, in part, on reviews and discussions with specialists (Rutherford and Westfall 1986, Miles et al. 2006, Pennington et al. 2009, Lehmann et al. 2011, Ratnam et al. 2011, Bridgewater et al. 2012, Quéméré et al. 2012, Dixon et al. 2014, Parr et al. 2014, Sayre et al. 2014, Sunderland et al. 2015, Veldman et al. 2015a, 2015b, Vorontsova et al. 2015, Moro et al. 2016, Murphy et al. 2016). 

Several Nearctic ecoregions north of Mexico were revised to reflect updates and biogeographic analyses since 2001 (McMahon et al. 2001, Sayre et al. 2009, USEPA 2013a, 2013b, Omernik and Griffith 2014, Wilken et al. 2011, Noss 2013, Noss et al. 2015). Boundaries of several northerly ecoregions in Mexico were revised to be compatible with updated ecoregion boundaries in the United States, and one Baja California unit was lumped within a California ecoregion (also reviewed Cantú et al. 2007, Griffith et al. 2007). 

Terauds et al. (2012) and Terauds and Lee (2016) provided a bioregionalization of Antarctica that replaces the two Antarctic ecoregions from the previous map with 16 new ecoregions for that continent. 
    
Several Saharan and Sahelian ecoregions were revised based upon biogeographic analyses of Brito et al. (2014, 2016) and Durant et al. (2014). 

Revisions to the ecoregions of Eastern Africa (Ethiopia, Kenya, Tanzania, Uganda, Burundi, Rwanda, Malawi, and Zambia) were primarily revised based on the vegetation maps of Friis and colleagues (2010), Lillesø et al. (2011), van Breugel et al. (2011), and Vegetation Map 4 Africa Version 2.0 (VECEA 2015). Updates to Eastern and portions of Southern Africa were further informed by new analyses of African vegetation and overall biogeographic analyses by Clarke (1998), Clarke and colleagues (2000), Congdon and Bampton (2001), Burgess and colleagues (2004, 2006), Azeria and colleagues (2005), Rutherford and colleagues (2005), Lovett and colleagues (2006), Timberlake and Chidumayo (2011), Linder and colleagues (2012), Sayre and colleagues (2013), Coastal Forests (2016), and TFCG (2016). Many of these reviews included consultations with the biogeographic specialists listed above. 

Ecoregions of South Africa were updated based on SANBI’s updated vegetation maps (Mucina et al. 2014). We also consulted vegetation and biogeographic analyses from the region (Acocks 1988, van Wyk 1994a, 1994b, Low and Rebelo 1996, 1998, Kleynhans and Hill 1999, Cowling and Heijnis 2001, Cowling et al. 2003, Vlok et al. 2003, Bergh et al. 2014, Dixon et al. 2014, and Daru et al. 2015a, 2015b). Ecoregions of Mozambique, Zimbabwe, Namibia, Botswana, and Angola were revised based upon a synthesis of multiple vegetation maps and biogeographic analyses (Wild and Grandvaux Barbosa 1967, Shaxon 1977, Moll and White 1978, Werger 1978, Malawi Government 1979, Republic of Botswana 1991, Simmons et al. 1998, Stattersfield et al. 1998, Barbosa et al. 2001, FAO 2001, The Republic of Namibia 2002, Vlok et al. 2003, Curtis and Mannheimer 2005, Rutherford et al. 2005, Timberlake and Chidumayo 2011, Linder et al. 2012, Sayre et al. 2013, Daru et al. 2015a, 2015b, Rodrigues et al. 2015, VECEA 2015). 

The Arabian Peninsula, including the Afrotropical and Palearctic boundary, was revised on the basis of Llewellyn (2011) and AGEDI (2013). They were informed by evaluation of Runemark (1971), Zohary (1971), König (1986, 1988), Government of Yemen (1990), Scholte et al. (1991), White and Leonard (1991), Alfarhan (1999), PERSGA/GEF (2004), Al Nafie (2008), Al Abbasi et al. (2010), Holness et al. (2011), Llewellyn (2011, 2013), AGEDI (2013), Palmer (2013), Patzelt (2014), and Thomas (2016).
    
Australian ecoregions were revised to reflect Version 7 updates to the Interim Biogeographic Regionalization (IBRA) for Australia (ERIN 2012) and recent phytogeographical analyses (NRSS 2012, DEC 2009, Ebach 2012, Witham 2012, González-Orozco et al. 2014, Ebach et al. 2015). We recommend that Australian mangroves be further evaluated for delineation as a distinct mangrove ecoregion(s) in the future (see Spalding et al. 1997). They were not distinguished in this revision as the IBRA7 system does not do so.

Ecoregions for Europe, Macaronesia, Russia, West and Central Africa, Madagascar, the Indo-Malay Realm, Brazil, Neotropics, China, Oceania, and Mongolia were revisited, informed by new biogeographic contributions (for example, Quézel 1978 [revisited], Hall and Harvey 2001, Kaya and Raynal 2001, Palminteri et al. 2001, USAID 2001a, 2001b, 2001c, 2001d, Eva et al. 2002, Morrone et al. 2002, WWF 2002, Zhang et al. 2002, European Commission 2003, Heads 2003, Kreft and Jetz 2004, Mittermeier et al. 2004, 2011, Xiang et al. 2004, Rivas-Martínez  et al. 2004, Barthlott et al. 2005a, 2005b, 2007, Bohn et al. 2005, Kier et al. 2005, Mutke and Barthlott 2005, Navarro and Ferreira 2005, 2007, ETC/BD 2006, Miles et al. 2006, Morrone 2006, Sieg et al. 2006, Aleixo and Rosetti 2007, Bohn et al. 2007, Cantú 2007, Kreft and Jetz 2007, Sayre et al. 2007, 2008, 2013, 2014, UNEP 2007, Cuttelod et al. 2008, EEA 2008, Lapola et al. 2008, Qian and Ricklefs 2008, Zhang 2008, Drees and Daniels 2009, Josse et al. 2009, Keppel et al. 2009, Sundseth 2009, Chimed-Ochir et al. 2010, Huang et al. 2010, Walker 2010, Lehmann et al. 2011, Platts et al. 2011, Sarkinen et al. 2011, Wu et al. 2011, Brazeiro et al. 2012, FAO 2012, Verheggen et al. 2012, Fernandes 2013, Jenkins et al. 2013, Meltofte et al. 2013, Alfaro et al. 2015, Dengler et al. 2014, Dixon et al. 2014, EEA 2014, Fernandes et al. 2014, Mazel et al. 2014, Morrone 2014a, 2014b, CEPF 2015, Ferrier et al. 2015, Molina-Venegas et al. 2015, Vilhena and Antonelli 2015). No major changes were made to these regions except for some minor revisions in Europe, Greenland, and East Asia (Table S1).
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Supplemental Material 1 Figure S1. The world’s 14 Biomes and 8 Biogeographic Realms (red lines).
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