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Estimating the Completeness of Terrestrial Ecoregion Conservation Strategies

We performed a rapid global assessment of the availability and robustness of conservation strategies for ecoregions. In some cases this involved assessment of large regions composed of multiple ecoregions. We found ecoregion and regional conservation strategies through internet searches, guided by Google Search Engine, Google Scholar, literature cited in sections of published and unpublished literature, and as provided by specialists and our own knowledge through being part of such processes. Any omissions of extant strategies are the responsibility of the authors. 

National Biodiversity Strategy and Action Plans (NBSAPs) were reviewed for reference to existing conservation strategies. NBSAPs typically lacked explicit identification of key biodiversity areas, conservation zoning, priority area mapping, and minimum thresholds for habitat and species viability and were thus excluded from the survey. In our view, NBSAPs are intended primarily as broad guidance for managing biodiversity and natural resources for a nation, rather than as a detailed, spatially explicit conservation strategy that addresses the four goals of biodiversity conservation (Bowles-Newark et al. 2014, NBSAP 2016). Several published NBSAPs, however, are thorough and likely offer the best available conservation plan for several ecoregions or regions. 

To simplify the analysis, we categorized the conservation strategy by the number of the four goals of biodiversity conservation (Noss 1992) it adequately addressed, so that each ecoregion fell into one of five categories: 0=no goals adequately addressed; 1=1 goal addressed adequately; 2=2 goals addressed adequately; 3=3 goals addressed adequately; and 4=4 goals addressed adequately.

The criteria we weighed to assess if a conservation strategy adequately addressed each of the four goals were as follows:

1.  Addressing representation 

a. A set of representation units were delineated which included distinct assemblages of species and, where appropriate, species largely confined to their respective unit. These units can be based on habitat types, known patterns of endemism, ecosystems, or geographically distinct areas such as isolated mountains, islands, or watersheds. The units need to be well-defined on a map of representation units or subregions.
b. A set of decision rules for representation of distinct biodiversity within conservation areas were defined and applied.

2. Sustaining populations

a. Area- and threat-sensitive species identified (and keystone species highlighted).
b. Minimum requirements for maintaining these species in the ecoregion over the long term estimated; minimum population size, demographic, and movement requirements are available, as well as landscape features (e.g. corridors).
c. Habitat protection and threat mitigation targets specifically aimed at maintaining viable populations of target species within their natural range of variation or, at a minimum, to persist over the long term. Targets for maintaining the ecological role of keystone species are described or mentioned.

3. Maintaining key ecological processes

a. Key ecological processes identified and minimum requirements for their persistence across landscapes estimated.
b. Relevant landscape-related requirements mapped, or best practices provided, such as top 1/3 of all watersheds protected, 1-2 km riparian buffers on water features, habitat corridors, core areas protected with hunting, road, and other threat buffers mapped.
c. Key targets for threat amelioration discussed.

4. Ensuring resilience to disturbance and change and ensuring evolutionary potential

a. Conservation practices or actions recommended to retain resistance and resilience to predictable and periodic short-term disturbances.
b. Conservation practices or actions recommended to retain resilience and promote adaptation to long-term change (climate change, for example), such as in protected microrefugia, mesic or everwet locations, maintaining riparian or gallery habitats and mapping of these features, if possible.

The full results of strategy and goals they addressed, as well as sources, are listed by ecoregion in SM3 Table S1.

Overall conclusions


Our survey reveals considerable variation in the characterization and source of each strategy, ranging from conservation plans developed by NGOs and government agencies to recommendations in technical papers about one or more elements of conservation. These elements include priority areas, climate-change strategies, or endangered species protection plans.

Our assessment by biome illustrates broader conservation patterns. The Mediterranean Forests, Woodlands, and Scrub biome is characterized by the strongest and most widespread conservation planning—over 60% of its ecoregions are managed to address all four goals of biodiversity conservation despite its low levels of protection. The simple explanation here is that Mediterranean regions are highly converted, but there has been a strong effort at planning to save what remains via Critical Ecosystem Protection Fund (CEPF) profiles. An additional seven biomes (including broadleaf forests, grasslands, and tundra) have conservation strategies that address 3 or 4 goals in >40% of their ecoregions.  

Protected areas designed to conserve terrestrial species and ecosystems may protect considerable freshwater biodiversity, but freshwater-focused conservation plans are still needed across aquascapes (e.g., Juffe-Bignoli 2014). This is a particular concern with hydroelectric projects proliferating around the world. For example, ecoregional plans should protect the upper third of watersheds, establishing full riparian floodplain protection and allowing rivers to flow without dams and levees. Fluvial processes are essential to terrestrial biodiversity at the landscape scale (Hauer et al. 2016). While this analysis does not focus on freshwater systems, terrestrial ecoregion conservation will likely overlap substantially with freshwater systems, serving as a useful proxy for landscape-scale freshwater conservation until more thorough strategies are completed. 

Ecoregion-scale conservation is an important climate change mitigation and adaptation strategy. However, ecoregion planning in the 1990s largely ignored the influence of climate change. Nonetheless, as Hodgson and colleagues (2009) point out, climate change mitigation does not alter the core recommendations for conservation: “Increasing protected area, maintaining and in some cases increasing environmental heterogeneity, concentrating efforts in centers of endemism, and reducing other pressures are likely to be beneficial and robust, with or without climate change” (Hodgson et al. 2009). If all 846 ecoregions follow robust plans that address the four biodiversity conservation goals, which embrace adaptation concepts, shifting climatic envelopes may result in the loss of fewer species (Olson et al. 2012). Connectivity among well-designed protected area networks is also widely regarded as necessary to allow species to adapt to climate change (Heller and Zavaleta 2009). Protected areas within ecoregions already function as steppingstones as species shift in response to changing climate conditions (Thomas and Gillingham 2015).

The outstanding question is whether half of every ecoregion must be protected to conserve global biodiversity. We caution that ecoregion plans that call for much less than 50% (often 17-25%) typically focus on representing habitats and a subset of species (e.g., vertebrates less than 20 kg in mass) that require limited space. These strategies thus only address the goal to represent all habitats and part of the goal to maintain viable populations of species. Ecoregions containing less than 20% natural habitat suffer from high levels of fragmentation that constrain the long-term viability of many species and processes. Addressing all four goals of biodiversity simply requires that more natural habitat remains under protection.  

We recognize that our global assessment of extant conservation strategies is more subjective than systematic. We may have missed relevant strategies for a few ecoregions despite our efforts to be thorough in our search. Some NBSAPs also address one or more of the four goals to some degree. However, our assessment does likely reflect the general global state of ecoregion and regional conservation strategies, both in terms of their availability and global coverage and in terms of their comprehensiveness and rigor.
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