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The Ramsar Convention (or the Convention on Wetlands), signed in 1971, was one of the first international conservation agreements, promoting global wise use of wetlands. It has three primary objectives: national designation and management of wetlands of international importance; general wise use of wetlands; and international cooperation. We examined lessons learnt for improving wetland conservation after Ramsar’s nearly five decades of operation. The number of wetlands in the Ramsar Site Network has grown over time (2,391 Ramsar Sites, 2.5 million km2, as at 2020-06-09) but unevenly around the world, with decreasing rate of growth in recent decades. Ramsar Sites are concentrated in countries with a high Gross Domestic Product and human pressure (e.g., western Europe) but, in contrast, Ramsar Sites with the largest wetland extent are in central-west Africa and South America. We identified three key challenges for improving effectiveness of the Ramsar Site Network: increasing number of sites and wetland area, improved representation (functional, geographical and biological); and effective management and reporting. Increasing the number of sites and area in the Ramsar network could benefit from targets, implemented at national scales. Knowledge of representativeness is inadequate, requiring analyses of functional ecotypes, geographical and biological representativeness. Finally, most countries have inadequate management planning and reporting on the ecological character of their Ramsar Sites, requiring more focused attention on a vision and objectives, with regular reporting of key indicators to guide management. There are increasing opportunities to rigorously track ecological character, utilizing new tools and available indicators (e.g., remote sensing). It is critical that the world protect its wetlands, with an effective Ramsar Convention or the Convention on Wetlands at the core.
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INTRODUCTION
Water crises and the collapse of biodiversity and ecosystems are among the top global risks to human well-being (World Economic Forum, 2019). Globally, wetlands have declined by 35% from 1970 to 2015, where data are available (Darrah et al., 2019). Such loss and degradation of wetlands and their ecosystem services is increasingly expressed in global initiatives (e.g., Convention on Biological Diversity Aichi targets, Sustainable Development Goals 6 and 15 and associated targets). The Ramsar Convention (the Convention on Wetlands), signed in 1971 and legally effected in 1975, was one of the first modern multilateral environmental agreements advancing protection of wetlands through international collaboration and effective management.
The Convention includes palustrine, riverine, estuarine, lacustrine wetlands and near shore systems, including reefs. Over nearly five decades, 171 (as at 2020-06-09) contracting parties (i.e., countries) have prioritized the conservation and wise use of wetlands, and by listing wetlands assessed as internationally important and committing to maintaining their ecological character (Gardner and Davidson, 2011; Davidson et al., 2019). However, ecological character, the combination of ecosystem components, processes and benefits (Davidson et al., 2019), is increasingly deteriorating in Ramsar Sites (Davidson et al., 2020). These can be tracked by measuring key ecological indicators, including threats, which cause degradation (Davis and Brock 2008).
The Ramsar Strategic Plan 2016–2024 has three strategic goals, to: 1) address the drivers of wetland loss and degradation; 2) effectively conserve and manage the Ramsar Site Network; and 3) wisely use all wetlands (Ramsar Convention Secretariat, 2016). Targets include increasing the area, numbers, and ecological connectivity of Ramsar Sites, focusing on under-represented regions or types, and effective management. We provide a perspective on achieving these goals and targets, focusing on two key objectives: 1) identification of biases in the current global distribution of the Ramsar Site Network and 2) a conceptual adaptive management framework, linking maintenance of ecosystem dynamics with drivers of change.
RAMSAR SITE NETWORK
The number of Ramsar Sites (2,391) and their area (2.54 million km2 as at June 2020) have increased, but the rate of increase in area has slowed, contrasting a steady growth in protected area (Figure 1A), reflected in various regional analyses (Mauerhofer et al., 2015; Fritz et al., 2017). Given that effective management of most inland wetlands is dependent on flow and flooding regimes of rivers (Saunders et al., 2002; Kingsford et al., 2016), we examined the distribution of Ramsar Sites and their areas, at the river basin scale (Lehner and Grill, 2013), relative to maximum extent of inland surface water between 1984 and 2018 (https://www.ngdc.noaa.gov/mgg/shorelines/gshhs.html; Pekel et al., 2016, Source: EC JRC/Google). Such mapping generally excluded vegetative flooded areas, while Ramsar Site areas included terrestrial ecosystems.
[image: Figure 1]FIGURE 1 | (A) Cumulative wetland area in the Ramsar Site Network (black line, km2 × 103) and terrestrial protected areas (green line, km2 × 104), with annual new numbers of Ramsar Sites (gray histograms), 1974–2020, with maps showing national borders (https://datacatalog.worldbank.org/dataset/world-bank-official-boundaries) and relative estimates of number or area of Ramsar Sites within river basins (Level 3 (Lehner and Grill, 2013)), including (B) ratio of mapped wetland area to basin area (km2/km2 × 103, 1984–2018, (Pekel et al., 2016), Source: EC JRC/Google); (C) number of Ramsar Sites relative to basin area ratio (N/km2 × 1103); (D) ratio of Ramsar Site area to basin area (km2/km2 × 103) and; (E) ratio of Ramsar Site area to mapped wetland area (km2/km2 × 103). Data also provided for each country (Supplementary Table S1).
The world’s mapped wetlands are predominantly in the Northern Hemisphere (Figure 1B; Supplementary Table S1), different to the distribution of numbers of Ramsar Sites (Figure 1C) with relatively higher numbers of Ramsar Sites in Europe, parts of South America, Central America, Northern, Central and Western Africa, Southern Asia and eastern Australia (Supplementary Table S1), reflecting Northern Hemisphere bias (Rebelo et al., 2009). Growth in numbers of Ramsar Sites has continued linearly in Europe since the beginning of the Convention on Wetlands, contrasting most other regions of the world where significant growth only began after about 2000 (Supplementary Figure S1). In contrast, Ramsar Site area, relative to basin area, is higher in the Southern Hemisphere (Figure 1D; Supplementary Table S1) and at a higher density relative to mapped wetland area (Figure 1E; Supplementary Table S1). Much of this growth in Ramsar Site area has occurred in Africa and Latin America (Supplementary Figure S1). Numbers and area of Ramsar Sites has continued to grow in Europe, Africa, Asia and Latin America but plateaued in North America and Oceania (Supplementary Figure S1).
We also explored possible associations among countries between the number and area of Ramsar Sites, area of mapped inland surface water (Pekel et al., 2016), area of protected areas (UNEP-WCMC and IUCN, 2020), Gross Domestic Product (GDP) (GIS processing World Bank DECRG, 2010) and Human Footprint Index (HFP, sum and mean, (Venter et al., 2018); Supplementary Figure S2). The number of Ramsar Sites was also positively related to HFP and surface water area (Pekel et al., 2016), slightly correlated to protected area and not to GDP (Supplementary Figure S2). This could reflect the high number of Ramsar Sites in the Northern Hemisphere, with relatively high HFP, contrasting to Ramsar Site area potentially associated with countries with lower GDP and HFP.
Adaptive Management Framework
Effective management and reporting is a significant challenge, given many Ramsar Sites lack management plans, and there is inadequate reporting of ecological character trajectories (Davidson et al., 2019; Davidson et al., 2020). Social-ecological interconnectedness and feedbacks are essential for hydrologically connected freshwater ecosystems, requiring collaboration of managers, scientists and stakeholders (Lee, 1999; Huitema et al., 2009; Novellie et al., 2016). Conceptually, adaptive management of a Ramsar Site needs a vision of a desired future state, involving stakeholders, clear objectives, triggers, risk assessment supported by co-design and co-management actions, and transdisciplinary science, with evaluation, reporting and updating (Kingsford et al., 2011; Westgate et al., 2013; Davidson et al., 2019; Davidson et al., 2020; Figure 2A).
[image: Figure 2]FIGURE 2 | Conceptual framework for three integrated processes aimed at tracking change for reporting and guiding and maintaining ecological character of Ramsar Sites: (A) adaptive management, (B) ecosystem dynamics (capturing ecological character) and (C) analysis of indicators (using local and global data).
Direct and indirect biotic and abiotic (natural and anthropogenic) drivers affecting ecosystem processes, characteristic biota and ecosystem services need to be incorporated (Figure 2B). In social-ecological systems such as Ramsar Sites, there should also be a focus on how demographic, economic, sociopolitical and cultural factors link to natural biotic and abiotic drivers, incorporated into management (Figure 2B; Carpenter et al., 2006). Scientific analysis can then track change, diagnosing causes, and informing management, informed by understanding of the interactions of these drivers on changes to ecological character (Figure 2C). Ecosystem dynamics need to be conceptually simplified, characterizing requisite simplicity of an ecosystem (Holling, 2001; Stirzaker et al., 2010). Simple conceptual models can be used to identify primary drivers (Keith et al., 2020), which usually include flow (surface and ground water) and/or flooding regimes, nutrients and water quality. Such models guide choice of indicators, with data available locally (e.g., waterbirds, fish), regionally (e.g., rainfall, river flows) or globally (e.g., remote sensed inundation and land cover) (Figure 2C). Indicator data can be used to report on the condition of the wetland or ecological character over time, guiding management. For example, loss of a key bird species, a measure of ecological character, in a Ramsar wetland in Chile was was legally judged to have been caused by paper mill discharge impacting an aquatic plant, the bird’s main food supply (Marín et al., 2018).
DISCUSSION
After nearly five decades, the listing of 2,391 Ramsar sites is an impressive contribution to global biodiversity conservation (Figure 1A). Over the same period, our population has more than doubled, increasingly threatening fresh water for wetlands, diverted for drinking, irrigation and energy. Many ecosystem services provided by wetlands are in decline (Gardner and Finlayson, 2018; Darrah et al., 2019; McInnes et al., 2020). A declining rate of growth in Ramsar Site area in some regions (Figure 1A; Supplementary Figure S1) may reflect this inability to maintain ecological character, highly dependent on flow and flooding regimes (Kingsford et al., 2016), potentially hampering achievement of Aichi Biodiversity Target 11 (Juffe-Bignoli et al., 2016).
More effective implementation of the Convention on Wetlands is urgent (Geijzendorffer et al., 2019), particularly given the relatively poor condition of the world’s wetlands, compared to other realms (Gardner and Finlayson, 2018). This can be done by increasing the area and number of Ramsar Sites; improving representativeness (geographically, functionally, biologically); and implementing effective adaptive management. These issues areas are not new (e.g., Davidson et al., 2019; Davidson et al., 2020; Gaget et al., 2020), undermining the goals and targets of the Ramsar Strategic Plan (Ramsar Convention Secretariat, 2016).
Increases in the Ramsar Site Network could be achieved by adopting national representative targets. This could be informed by using typological classifications (e.g., new IUCN typology: Keith et al., 2020, https://global-ecosystems.org/) to improve representativeness (Figures 1B–E; recognising mapping shortcomings, such as those in Pekel et al., 2016). Although highly dependent on national will (Davidson et al., 2019), opportunities exist to integrate targets across different commitments (e.g., United Nations Sustainable Development Goals and Aichi targets and Convention on Biological Diversity targets).
To improve management, we recommend implementing adaptive management frameworks, with stakeholders, targeting measurable indicators responsive to drivers that guide management and track ecological character effectively (Figure 2). This means incorporating social-ecological dynamics (Cilliers et al., 2013), with indicators representing ecological character (Figure 2), tracking ecosystem change (Keith et al., 2013; Bland et al., 2017). With globally available historical data (e.g., palaeoecological, remote sensing), past and future scenario analyses can guide management choices (Kopf et al., 2015).
The Convention on Wetlands provides nearly five decades of commitment to sustainable development and wise use of wetlands, but considerable challenges remain for the world’s wetlands. There are significant opportunities to improve national and global wetland conservation by better incorporating representativeness and implementing adaptive management. This would improve effectiveness and streamline and improve transparent reporting, which guides management for conservation.
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