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Abstract 
In 2004 the IUCN issued a call for a specific focus on the coverage and management of 
freshwater ecosystems in their own right rather than as components of PAs established for the 
protection of terrestrial ecosystems. Pittock et al. (2015) extended the argument that 
freshwater PA managers need to apply freshwater-specific conservation principles and tools 
to ensure that PAs are effective in protecting aquatic biodiversity and ecosystem services. 
Chapters of this book have explored five high level ecological principles and numerous 
practices for conserving the biodiversity and ecosystem services of freshwater PAs, including 
rivers and other freshwater ecosystems, brackish waters and estuaries. Decisions about the 
management of freshwater PAs in relation to national policy settings as well as the settings 
provided by the Ramsar Convention and the Aichi Biodiversity Targets will be particularly 
relevant to achieving the Sustainable Development Goals for 2030. These goals are likely to 
drive the conservation agenda in the coming decades. Given the mixed outcomes from more 
than 40 years of international wetland conservation under the framework provided by the 
Ramsar Convention, and expected further changes in freshwater ecosystems and for their 
species in response to global change, we end with a plea for civic authorities, scientists and 
wider society to develop and embrace effective approaches to ensure that freshwater 
ecosystems are conserved and restored. In conclusion, we stress the importance of the five 
high level principles developed herein as a framework for management of freshwater PAs, 
and also, possibly even more importantly, as a basis for further communication, and the 
development of more sophisticated messages, motivations and methods for the conservation 
of freshwater biodiversity, ecological goods and ecosystem services now and in the future. 
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Introduction 
Recent publications have confirmed the ongoing loss and degradation of freshwater wetlands 
and continuing decline in the species that depend on them, despite an increase in attention to 
wetland conservation internationally, nationally and locally (Gardner et al. 2015; Pittock et 
al. 2015). While the effort through the Ramsar Convention on Wetlands to list 2,266 wetland 
sites covering 2.19 106 km2 as internationally important (known as Ramsar sites) has been 
widely recognised it represents a paradox for wetland and biodiversity managers. Although 
this outcome provides a sound basis for meeting the Aichi Biodiversity Target 11, whereby at 
least 17% of inland water areas are conserved through effectively and equitably managed, 
ecologically representative and well-connected systems of protected areas (Milton and 
Finlayson 2017), it is at odds with the wetland losses and declines that are being recorded. In 
the introduction to this book “Freshwater Ecosystems in Protected Areas: Conservation and 
Management” Finlayson et al. (2017a) point to the paradox “whereby the effort to develop 
and agree on international policy, along with a substantial and expanding information base, 
has not halted and reversed the global degradation and loss of wetlands.” The Ramsar 
Convention has also made many far-reaching and forward looking decisions for ensuring the 
conservation and wise use of wetlands over the past four decades (Finlayson et al. 2011; 
Finlayson 2012; Davidson 2016); however, these have not reduced the loss and decline of 
wetlands and their species globally (Davidson 2014; Dixon et al. 2016). 

Given the importance of Protected Areas (PA) in the global efforts to conserve freshwater 
wetlands there have been many questions asked about their effectiveness for protecting 
freshwater ecosystems and species (Pittock et al. 2015). Amongst these has been concern that 
many PAs have not adequately considered the particular ecological processes and 
conservation priorities for freshwater ecosystems. In response to such questions IUCN (2014) 
issued a call for a specific focus on the coverage and management of freshwater ecosystems 
in their own right rather than as components of PAs established for the protection of 
terrestrial ecosystems. Against this background the chapters of this book have explored the 
principles and practices for conserving freshwater biodiversity and ecosystems (including 
rivers and other freshwater ecosystems, brackish waters and estuaries) in PAs, and extended 
the argument made in Pittock et al. (2015) that PA managers need to apply freshwater-
specific conservation principles and tools to ensure that PAs are effective in protecting 
aquatic biodiversity and ecosystem services. These comments were made within the context 
that it is unlikely that PAs alone could effectively conserve freshwater ecosystems (Finlayson 
2006). 
As a step in the complex process of identifying and managing PAs established specifically for 
freshwater ecosystems Arthington et al. (2017a) provide five ecological principles that could 
assist with their better management. These principles relate to the:  

i) intimate links that exist between freshwater ecosystems and the surrounding 
catchment (basin or watershed);  

ii) importance of the water regime (standing, flowing or sub-surface) for managing 
freshwater ecosystems;  

iii) hydrological, biogeochemical and ecological connectivity that occurs within and 
between freshwater (and estuarine) ecosystems;  

iv) protection of evolved patterns and ‘hot spots’ of native freshwater biodiversity, 
endemism and endangered species; and  
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v) maintenance of ecological resilience in the freshwater ecosystems of the present and 
the future.  

These principles offer a framework to synthesise the key messages provided by the other 
chapters included in this book (Table 1). Each principle is considered in turn in the text that 
follows; the background for each is presented in Arthington et al. (2017a) and is not repeated 
here. The treatment of each principle is not even, reflecting the perspectives of other authors 
when considering specific aspects of managing freshwater PAs, and possibly also the state of 
our combined knowledge about the specific issues raised by each of the principles. The latter 
point raises the need for further effort to explore and extend our understanding of the core 
elements and processes captured by each principle.   

 

Chapter Title Authors 

An introduction to issues for managing 
freshwater ecosystems in protected areas 

Finlayson et al. 2017a 

Freshwater ecosystem types and extents Milton and Finlayson 2017 

Freshwater ecological principles Arthington et al. 2017a 

Defining and enhancing freshwater protected 
areas 

Hermoso et al. 2017 

What is different about freshwater protected areas? Dudley et al. 2017 

Managing threats to freshwater systems 
within protected areas 

Pittock et al. 2017a 

Conserving freshwater species in protected 
areas 

Turak and Pittock 2017 

Managing specific freshwater ecosystems  Arthington et al. 2017b 

Freshwater protected area corridors Pittock et al. 2017b 

Planning ecologically: the importance of 
management at catchment scales  

Flitcroft et al. 2017 

Planning for the protection and management 
of freshwater ecosystems inside and outside 
protected areas 

Nel and Roux 2017 

Managing freshwater protected areas in the 
global landscape 

Finlayson et al. 2017b 

Climate change and the management of 
freshwater protected areas 

Finlayson and Pittock 2017 

Table 1: Chapters included in the book “Freshwater Ecosystems in Protected Areas: 
Conservation and Management” 

 

Synthesis of key messages  
As an introduction to the importance of PAs for the conservation and management of 
freshwater ecosystems Milton and Finlayson (2017) point out that these ecosystems comprise 
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a wide variety of types, such as rivers, lakes and swamps, and can be permanently, seasonally 
or intermittently flooded. They also support a high diversity of species and provide important 
ecosystem services that benefit many people globally. However, despite their global 
importance for biodiversity and ecosystem services an accurate and comprehensive inventory 
and global map of freshwater ecosystems does not exist, undermining efforts to determine 
how well represented they are in PAs, and whether freshwater PAs are an effective global 
conservation measure. Combined areal estimates for rivers, lakes and reservoirs (≥1 ha) and 
rice fields indicate that freshwater ecosystems globally cover 12.54 – 14.44 million km2, and 
while this figure is larger than many previous estimates it is considered an underestimate 
given gaps in coverage (Milton and Finlayson 2017). Having better data and information on 
their extent and distribution is seen as a prerequisite for effective systematic conservation 
planning and for the management of freshwater ecosystems. 

Principle 1: Catchment characteristics and processes 
A universal guiding principle for PA management is that the entire catchment with its land, 
water, biogeochemical resources and processes is the ideal unit to be protected and 
managed. Where full protection is not possible, the catchment needs to be managed in a 
sustainable way that minimises threats and impacts from non-reserved lands. Protected area 
management that fails to recognise and address the threats and pressures arising in the 
catchment risks loss of environmental quality, species diversity and ecological resilience. 

Flitcroft et al. (2017) consider the benefits of integrating the management of rivers and other 
wetlands with the management of the wider landscape. In particular, integrated management 
approaches are seen as having the potential to address both scientific questions and applied 
challenges with the former including the management of multi-scale ecosystem functions, 
processes, and interactions, and the latter the management of land uses in diverse multi-user 
landscapes. Further, rather than viewing rivers as disconnected reaches where organisms 
could be analysed in isolation of a catchment or network context, they recommend the use of 
more holistic approaches and broader conceptual frameworks that link ecological 
communities to underlying geophysical systems. These frameworks include the river 
continuum concept, hierarchical organization of instream habitat, the natural flow regime, 
process domains, the network dynamics hypothesis, and the riverscape concept. Catchment-
management plans were seen as a means of integrating the diverse land uses and owners of 
freshwater ecosystems, who, in combination, may directly or indirectly influence the quality 
of a shared river system. They also pointed out that there is no clear template for catchment 
management that works well everywhere, but rather, there are a variety of successful and 
innovative approaches and tools that work under particular circumstances.  

Nel and Roux (2017) considered the inherent connectivity of most freshwater ecosystems that 
drives the need for PA authorities to engage in water planning processes both within their PA 
boundary and beyond in associated catchments. They emphasised that for planning to be 
effective and achieve its desired outcomes, it needed to be embedded in a management 
approach that acknowledged the inherent complexity and uncertainty not only of ecosystems, 
but of linked social-ecological systems. With this in mind planning within a PA should 
ensure that freshwater ecosystems were managed explicitly as part of the PA landscape. PA 
strategies and management plans should therefore include freshwater conservation objectives, 
such as freshwater-friendly design and management of PA boundaries, visitor facilities, road-
river crossings, and weirs and dams inside PAs. Management plans should also allow for 
monitoring of freshwater indicators to inform the management of freshwater ecosystems. 
They also considered the necessity of planning beyond the boundary of the PA to be 
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embedded within a regional water management framework that provided a platform for the 
cross-sectoral, cooperative governance of water resources at multiple scales of governance. 
This may be seen as an ideal situation but when in place it will enable the PA authority to 
engage with the social-ecological linkages that may impact on freshwater ecosystems within 
their PAs. It also offers the opportunity to identify new societal roles that PAs may contribute 
to in the future, such as the provision of ecosystem services to downstream communities.  

Finlayson et al. (2017b) considered the need to manage freshwater PAs in a broader context – 
the global landscape – where the increasing demand for freshwater, as well as uncertainties 
associated with climate change, has placed growing pressure on wetland and natural resource 
managers to develop sustainable approaches that extend across landscapes and ensure the 
many benefits obtained from freshwater ecosystems are not further reduced. They pointed out 
that even where good legislative frameworks existed, such as those of the European Union’s 
Water Framework Directive, significant challenges remained to fully deliver an appropriate 
quality and quantity of freshwater to maintain the character of PAs. Challenges include the 
degree to which the management of freshwater PAs fitts within institutional structures and 
practices, while others relate to the efficacy of wider wetland management, such as managing 
invasive species and water quality. Issues such as these are particularly relevant when 
considering the benefits that ecosystem services from freshwater ecosystems provide for 
many local people and communities. They further considered how well managers addressed 
the natural variability as well as successional change that occurs with these ecosystems; 
natural variability and successional change are part of the ecological character of these 
ecosystems and vary in space and time. As the recent condition of any particular freshwater 
ecosystem is a subset of the historic ecological conditions that it has experienced, the 
management focus needs to move away from a static view of condition and instead 
accommodate variability while also ensuring the wetland retains its important ecological 
features. Much of the reporting required by the Ramsar Convention and the listing of Ramsar 
sites does not seem to accommodate these important concepts. Accommodating natural 
variability and successional change will require the adoption of sustainable management 
approaches that extend across multiple temporal and landscapes scales. 

Arthington et al. (2017b) consider the management of specific freshwater ecosystems and 
comment that a number of relatively simple changes to the way PAs are designed and 
managed could help to further improve the conservation benefits for surface and 
groundwater-dependent freshwater ecosystems and estuaries. These include: avoid using a 
river as the boundary of a PA; incorporate natural large-scale catchment processes into PAs; 
ensure that the water regimes of rivers, lakes, peatlands and groundwater-dependent 
ecosystems, as well as their linkages and interactions, are recognized and well managed 
within PAs and their catchments; avoid the development of visitor infrastructure on priority 
freshwater ecosystems in PAs; encourage the expansion of existing PAs to incorporate 
biodiversity hotspots, functional processes and connectivity; and promote new PAs for the 
last remaining free-flowing rivers and other high priority freshwater ecosystems. They further 
recognise that PAs on their own are unlikely to fully protect freshwater ecosystems, 
especially where large-scale catchment threats impinge on the PA and its ecosystems. 
Therefore, conservation efforts should not stop at the boundaries of PAs, but extend into 
developing cooperative relationships and activities among various entities with overlapping 
water management mandates. Integrated and adaptive management approaches that facilitate 
engagement and empowerment of all stakeholders, inclusive and iterative learning, and 
purposeful action amidst inherent complexities, are recommended.  
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Dudley et al. (2017) considered the management of freshwater ecosystems within the context 
of catchment processes. As freshwater PAs are particularly influenced beyond their 
boundaries by watershed-scale, regional or international influences, the adoption of 
landscape-scale approaches is an essential component of their management. This means that 
managing with other stakeholders is particularly important in freshwaters; fortunately, 
experience in using these approaches is developing fast. The most effective unit for managing 
freshwater PAs is the river basin or catchment in which the PA is situated and from which it 
received its surface water (Athington et al. 2017a; Finlayson et al 2017b). To be effective for 
the conservation of freshwater biodiversity the management within a freshwater PA must take 
into account the particularities of these systems, such as the key role of spatial–temporal 
connectivity for maintaining ecological processes and the effective propagation of threats 
along these systems (Hermoso et al. 2017). New mechanisms that could encourage the 
adoption of a mix of public and private funding to achieve improved outcomes for 
biodiversity conservation in freshwater systems (e.g. payments for ecosystem services, water 
reserves, biodiversity offsets and system-wide planning) are promoted by Hermoso et al. 
(2017). 

Flitcroft et al (2017) reported that the management of freshwater ecosystems within PAs 
needed to be integrated within landscape management as this provided the potential to 
address both scientific questions and applied challenges. Catchment-management plans are 
an obvious means of integrating the diversity of land uses and land owners who exert an 
influence over freshwater ecosystems. There is though no clear template for catchment 
management - rather, there are a variety of ways of managing these ecosystems including 
innovative ways of making use of incentive schemes, such as payment for ecosystem 
services. 

Principle 2: Water regimes and eco-hydrological principles 
The flow of water is one of five dynamic environmental regimes that regulate much of the 
structure and functioning of every running water ecosystem and many aspects of lentic and 
groundwater systems. The naturally dynamic flow regime plays a critical role in sustaining 
native biodiversity and ecosystem integrity in streams and rivers. Likewise the characteristics 
and variability of lentic (lakes and estuaries) and subsurface water regimes are critical to 
their dynamics, management and conservation. 
Arthington et al. (2017b) point out the importance of establishing environmental flows and 
maintaining the water regimes of rivers, lakes and groundwater dependent ecosystems as 
critical for sustaining the biodiversity and ecosystem services within freshwater and estuarine 
PAs. Conservation managers should aim to protect the natural water regimes of specific 
freshwater ecosystems, or restore them where changes in flow threaten species and processes. 
Setting a limit on hydrologic alteration remains the most challenging aspect of environmental 
water management, however numerous methods and practical guidelines are available to 
assist in this task. Pittock et al. (2017b) emphasis the opportunities provided by the re-
operation of dams to improve safety with respect to changes in hydrology with climate 
change. These engineering works can enable provision of environmental flows and 
restoration of the water regimes of rivers. 

The effective management of groundwater-dependent ecosystems requires integration of 
associated surface and groundwater resources and an understanding of the origins, pathways 
and storages of water. Some groundwater ecosystems are entirely dependent on continuous 
groundwater discharges, whilst others are maintained by minor but critical groundwater 
inflows restricted to particular seasons or inter-annual episodes. The need for integrated 
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management of standing, flowing and groundwater-dependent ecosystems is well recognised 
in the form of complementary frameworks such as Integrated Lake Basin Management 
(ILBM) and Integrated Water Resources Management (IWRM). 

Nel and Roux (2017) emphasise that when PA authorities engaged with regional water 
planning they should insist that scientifically-credible outputs from freshwater ecosystem 
assessments, such as environmental flow assessment, systematic conservation planning and 
ecosystem service assessment, are used to assess the needs of freshwater ecosystems when 
negotiating trade-offs between different water development options. PA authorities could act 
as powerful stakeholders in the negotiation for freshwater ecosystem protection within 
regional water planning processes. They further explored the requirements for successful 
Integrated Water Resources Management and how these could be used to ensure the 
provision of sufficient water flows for freshwater PAs, as well as the value of Ecosystem or 
Nature Based Adaptation and Adaptive Management to respond to multiple pressures. These 
approaches, and their underlying principles, provide useful guidance for water planning, 
whether protected area authorities are planning inside or outside protected areas. Arthington 
et al. (2017b) also describe the value of Integrated Lake Basin Management (ILBM) that 
similarly supports the provision of sufficient water to sustain the biodiversity and ecosystem 
services provided by lakes.  

Principle 3: Connectivity of freshwater ecosystems 
The spatial and temporal connectivity patterns and processes of aquatic ecosystems in their 
natural state are important elements for consideration in PA design and management. 
Connectivity in rivers is defined in three spatial dimensions: longitudinal (upstream–
downstream), lateral (interactions between channel and riparian/floodplain systems), and 
vertical (connections between the surface and groundwater systems), with temporal dynamics 
influencing all spatial dimensions of connectivity.  Thus minimising the impacts of dams and 
levee banks as barriers, and changes to water flows, is crucial for freshwater conservation. 
The hydrological connectivity between lakes, streams, estuaries and subsurface environments 
also requires special attention in PA design and management, and forms a central pillar of 
Integrated Lake Basin Management (ILBM). 
Hermoso et al. (2017) emphasised that to be effective for conserving freshwater biodiversity, 
conservation efforts must consider the particularities of these systems, including the key role 
of spatial and temporal connectivity for sustaining ecological processes and the problem of 
the effective propagation of threats along these systems. Pittock et al. (2017b) more 
specifically considered the importance of riparian and floodplain corridors that are 
particularly biodiverse and often form key habitat for animals in the terrestrial landscape. 
Maintaining or restoring connectivity pathways and processes is a conservation priority for 
both freshwater and terrestrial ecosystems with considerable benefits to be gained from their 
protection and restoration. The importance of riparian forests derives from the key roles they 
play by providing organic matter that drives major elements of aquatic food chains, forming 
physical habitat, filtering pollutants, and  providing shade, appropriate light environments and 
water temperatures. 

Pittock et al. (2017b) further considered the important question of “how wide is wide 
enough” for riparian corridors. At the very least, a riparian corridor should be wide enough to 
enable full development of the vegetation canopy to maximize shade across the relevant 
water body and form an adequate mesic (moist, humid) micro-climate. They then explored a 
more complex answer whereby the full width of the regularly inundated riparian and 
floodplain land should be restored. Systems of river corridor protected areas have been 
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established in many jurisdictions around the world based on criteria such as biological 
importance, maintaining free-flowing ecological processes and supporting cultural values. 
Increasingly, dams and levee banks are being removed from rivers and their floodplains to 
restore ecosystem functions and services. Restoration of functional riparian and floodplain 
systems may aid flood management and enhance other climate change adaptation measures. 

Finlayson et al. (2017b) considered the management of freshwater ecosystems in global 
landscapes and in particular highlighted the importance of continental scale connectivity in 
support of migratory species, in particular waterbirds that depend on networks of sites across 
continents. The Ramsar Convention and various migratory species agreements provide the 
opportunity to ensure these networks are maintained. They pointed out that the loss or 
degradation of individual sites could have ramifications across the network, and that whilst 
the importance of such networks iss recognised there is an ongoing need to ensure that they 
are effectively managed. The latter is a key issue for countries with Ramsar sites that do not 
yet have effective management processes in place. The importance of managing PAs using 
integrated frameworks, such as ILBM and IWRM, was also emphasised by Arthington et al. 
(2017b) and Nel and Roux (2017) given the complexities that arise when considering the 
hydrological connectivity between freshwater ecosystems within catchments, and the need to 
ensure the provision of environmental flows to ensure these are maintained in regulated river 
systems. Dudley et al. (2017) outline how the IUCN categories for PAs enable different kinds 
of ‘non-traditional’ freshwater PAs, such as heritage rivers, to be recognised in national and 
international PA systems. 

Principle 4: Aquatic biodiversity, endemism and conservation 
A primary goal of biodiversity conservation is to delineate PAs that conserve species-rich 
habitats and vital resources, important species radiations and the greatest number of 
threatened endemic species. Significant interbasin differences in biodiversity and levels of 
endemism may mean a lack of “substitutability” among freshwater habitat units, adding to 
the complexity of freshwater biodiversity conservation. The tools of systematic conservation 
planning lend themselves to identification of the most beneficial options for biodiversity 
protection. 
Milton and Finlayson (2017) point out that wetlands are found on all continents, including 
Antarctica, and global mapping initiatives have been used to display the general distribution 
of many wetland types, but not all have been adequately mapped, in particular the smaller 
wetlands. Such initiatives have shown the complexity and variability that occurs within and 
among freshwater wetlands even when they have been similarly defined and classified. 
Wetland heterogeneity is a consequence of many factors, including the hydrological regime, 
and the ecological processes that themselves vary temporally and spatially. While there are 
gaps there is also an increasing amount of information about individual wetlands, including 
comparative studies of large sites and inventories of wetland complexes. 

Efforts to conserve freshwater biodiversity through the Ramsar Convention on Wetlands are 
examined by Finlayson et al. (2017b). The flagship of the Convention is the List of Wetlands 
of International Importance, known as the Ramsar List, which contains 1687 inland 
freshwater wetlands covering a total area of 1.96 Million km2. While the List is seen as a 
successful expression of the global effort to conserve wetland species, their distribution is 
uneven with 827 (52%) covering 12% of the total area of Ramsar sites occurring in Europe. 
However, there are concerns that not all sites are effectively managed, for example. only 58% 
and 70% respectively in Africa and Asia have management instruments. There is also a lack 
of evidence that current Ramsar sites and freshwater PAs more generally have been 



9 

 

established on a systematic basis using spatial planning tools and biodiversity data to ensure 
they effectively represent the range of freshwater ecosystems and species within any 
particular biogeographical region. Efforts to ensure effective representativeness of freshwater 
ecosystems in PA networks could be enhanced by making greater use of spatial data sets and 
frameworks, such as the Freshwater Ecoregions of the World (FEOW) (Abell et al. 2008) and 
the increasing information provided for waterbird flyways (Stroud and Davidson 2006). Bush 
et al. (2014) also demonstrate an approach for including predicted species distributions in 
systematic reserve designs for rivers under climate change, and explore the impact of varying 
connectivity requirements for different species. 

Turak and Pittock (2017) consider species diversity in freshwater ecosystems and point out 
that while they support a huge diversity of life the information base behind this is not well 
documented nor communicated adequately. Better information is needed to understand which 
freshwater species are present in freshwater PAs, and which are not, as well as those that may 
be re-introduced as part of ecosystem restoration and species recovery programs. Dudley et 
al. (2017) add that while freshwater ecosystems contain a disproportionately high level of 
biodiversity they have experienced very high levels of loss particularly over the last few 
decades, and as a consequence PAs play a critical role in reducing and reversing this decline. 
Turak and Pittock (2017) also note that despite inadequacies it is accepted that PAs have a 
critical role in protecting freshwater species. It is also widely accepted that conservation 
actions within PAs are essential but unlikely to be sufficient to protect populations of many 
freshwater species, including nomadic and migratory species that move between PAs, 
whether locally or globally (Finlayson et al. 2017b).Threats and pressures that originate 
outside PAs  must be recognised and managed at catchment and wider scales (Arthington et 
al. 2017b, Pittock et al. 2017).  In response to the complex of threats to freshwater 
ecosystems and species from within an individual PA and from beyond its boundaries Turak 
and Pittock (2017) conclude that there is a need for system-level understanding of the 
requirements of freshwater species and drivers of variability and change as well as the inter-
dependencies that exist between terrestrial, freshwater, estuarine and marine ecosystems.  

Principle 5: Ecological resilience 
Freshwater species have long histories of exposure and adaptation to variable environmental 
conditions and extremes (e.g. drought and flood cycles), conferring resistance and resilience 
at the individual, community and ecosystems levels. Maintaining catchment integrity, natural 
flow and standing water regimes, the spatial and temporal dimensions of connectivity, and 
native biodiversity hotspots will help to maintain the ecological resilience of aquatic systems 
in protected areas, and support societal adaptations to shifting environmental and climatic 
regimes. 
Pittock et al. (2017) highlight that freshwater ecosystems are among the most threatened in 
the world, are under-represented in PA policy and have the highest portion of species 
threatened with extinction. The biodiversity of these ecosystems is particularly threatened 
because its conservation depends on maintaining hydrological connectivity ( longitudinally 
along rivers, laterally between a river or water body and its floodplain, as well as the 
groundwater-surface water interactions), managing exogenous threats (that are propagated 
across catchments), and integrating governance by multiple management authorities. They 
emphasise the importance of managing the impacts of agriculture, aquaculture and fishing 
and minimising the impacts of water infrastructure, invasive species incursion, pollution 
prevention, and reducing impacts of visitor facilities and activities.  
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Finlayson and Pittock (2017) point out that while PAs have played an important role in 
species and ecosystem conservation it is necessary to manage them in a reflective and flexible 
way to avoid adverse consequences that could increase the pressures on critical biodiversity 
targets. Rather than focussing on maintaining past reference states it will be necessary to 
develop strategies for promoting more climate-resilient approaches. This is particularly 
important as climate change, flow regulation and invasive species are leading to the 
development of novel ecosystems that may require a range of new approaches for water (and 
land) management to cope with increasingly uncertain futures. These include the 
identification of those parts of the freshwater landscape that can provide refugia and sustain 
ecological complexity, and the provision of guidance to manage environmental flows to 
counter the impacts of new water infrastructure and climate change. Conservation priorities 
include free-flowing rivers that do not require day-to-day management to provide the flow 
variability and connectivity needed to conserve aquatic biodiversity. As all adaptation options 
involve risks and costs as well as benefits the adoption of a suite of different, but 
complementary interventions is likely to result in better practice by spreading the risk while 
seeking to maximize the benefits for PA ecosystems and people. Other measures can be seen 
as ‘no regrets’ measures that offer benefits for the environment and people regardless of 
changes in the climate. 

Hermoso et al. (2017) also encourage the development of new mechanisms to support public 
and private funding to achieve improved outcomes for biodiversity conservation in 
freshwater systems, including making payments for ecosystem services, establishing water 
reserves and biodiversity offsets, and implementing system-wide planning to limit the 
impacts of water infrastructure on aquatic ecosystems. They also point out that despite 
increasing and innovative efforts in recent decades to ensure more effective conservation of 
freshwater ecosystems, there remains an urgent need to ensure that freshwater PAs are 
effectively managed and monitored to ensure their effectiveness. The widely anticipated 
impacts of climate change on freshwater ecosystems add to the need for ensuring that  PAs 
are effectively managed, and in an adaptive way. In this respect the development of an 
international framework for managing freshwater PAs in changing climates is overdue and is 
currently a major gap in freshwater conservation (Finlayson and Pittock 2017). The Ramsar 
Convention in particular is well placed to fill this gap, although Finlayson et al. (2017c) point 
out inadequacies in the existing approaches to assessing change in relation to the reliance on 
reference conditions that may not be sustainable in the future, or attainable if a site is in need 
of restoration.  
Concluding comments 
The conclusions presented in the above text support the contentions in Finlayson et al. 
(2017a) that rather than freshwater conservation being treated as a marginal part of 
management, it is important in its own right and central to sustaining the biodiversity 
contained within the world’s PAs. In this respect the establishment and management of PAs 
specifically for freshwater biodiversity protection needs far more attention, in particular to 
ensure that PAs contain a representative sample of the diversity of freshwater species and are 
effectively managed within a landscape context and in accord with established ecological 
principles (Arthington et al. 2017a). Further, the conservation effort in freshwater PAs will 
require specific conservation and management tools, including catchment management plans, 
appropriate water management practices such as the use of environmental flows, and natural 
resource governance processes to ensure effective co-ordinated management at a landscape 
scale, taking into account on-site and off-site influences and the importance of connectivity 
within and between sites. 
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Freshwater and estuarine ecosystems are among the most threatened in the world, are under-
represented in PA policy and have the highest portion of species threatened with extinction. 
The conservation of freshwater biodiversity depends on a complex suite of interacting 
processes, including hydrological and ecological processes that operate in longitudinal, lateral 
and vertical dimensions, and the management of threats that are propagated across 
catchments. Effective management is dependent on integrated governance arrangements 
between multiple management authorities including those operating across and between 
catchments. This is particularly important given the type and complexity of threats to 
freshwater ecosystems, many of which may be exacerbated by climate change. Decisions 
about the management of freshwater PAs in relation to national policy settings will also be 
influenced by settings provided by international frameworks, including the Ramsar 
Convention on Wetlands, the Aichi Biodiversity Targets and the UN Sustainable 
Development Goals for 2030.  
In addition to the outcomes that may be achieved through international frameworks, there are 
examples of new approaches developing at national levels. An outstanding example is the 
conferral of legal rights on rivers, such as the Whanganui River in New Zealand and the 
Ganga and Yamuna Rivers in India (http://www.thenewsminute.com/article/ganga-and-
yamuna-are-now-legal-entities-what-does-mean-and-it-good-move-58999, accessed 18 May 
2017). The foundations of these moves are steeped in the cultural and social settings of the 
countries concerned, but could equally represent the vanguard of further innovative and 
ethical efforts to ensure the conservation of the biodiversity and multiple values of freshwater 
ecosystems. The imperative to consider new or novel approaches to ensuring the future of 
freshwater PAs is illustrated by recent changes in drainage patterns as glaciers retreat, such as 
recorded for the Kaskawulsh Glacier in Canada (Shugar et al. 2017) as well as by changes in 
the range of keystone species such as the beaver (Castor canadensis) in North America (Jung 
et al. 2016).  

Given the mixed outcomes from more than 40 years of international wetland conservation 
under the framework provided by the Ramsar Convention, and expected further changes in 
freshwater ecosystems and for their species in response to global change, we end with a plea 
for civic authorities and wider society to develop and embrace effective approaches to ensure 
that freshwater ecosystems are conserved and restored. Opportunities abound through more 
effective management of traditional and established PAs, the establishment of further PAs, 
including those established in response to changing species distributions, and those that 
support multiple uses, as well as newer approaches that enable people and the diverse 
biodiversity represented in freshwater ecosystems to thrive as the ecological conditions 
change in response to increasing global pressures on aquatic diversity and ecosystem 
services. This could encompass more innovative or imaginative land tenure and institutional 
arrangements for land ownership and stewardship in addition to governmental processes in 
support of PAs in a changing landscape. In conclusion, we stress the importance of the five 
high level principles developed herein as a framework for management of freshwater PAs, 
and also, possibly even more importantly, as a basis for further communication, and the 
development of more sophisticated messages, motivations and methods for the conservation 
of freshwater biodiversity, ecological goods and ecosystem services now and in the future.  
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