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1. Dimensions of the Issue

The evolution and expansion of the human species over the past few hundred thousand years, an infinitesimal fraction of planetary time, now sees us as the dominant life form on Earth. We are dominant because of our intelligence and adaptability, and our need to constantly strive for newer and better ways of doing things. But there are now six billion of us, predicted to increase to 8-10 billion by 2050, and our domination of the planet is paralleled by the massive impact that we have had on the Earth's ecosystems. A recent mapping of the human footprint on the planet has concluded that more than 80% of the Earth's land surface is directly influenced by humans. We consume 40% of the Earth's net primary productivity, 35% of oceanic shelf productivity and 60% of freshwater runoff. As a result, remaining natural landscapes are rapidly being modified and the Earth's biological diversity continues to decline at an alarming rate. The Millennium Ecosystem Assessment (MEA) has found that in the last several decades 20% of the world’s coral reefs were lost and 20% degraded, while 35% of mangrove area has been lost. The MEA also concluded that humans have likely increased the species extinction rate by as much as 1,000 times over background rates typical throughout Earth's history.
One could argue that this increasing level of resource consumption and global change, while unsustainable and inequitable, is not surprising given the growth levels of human populations and the development disparities between the rich and poor. Such causal relationships have been postulated and debated by scientists, economists and philosophers for centuries. However, compounding the problems of our planetary resource consumption and ecological modification is the relatively recently recognised threat of human-induced climate change, the most rapid climatic changes in the history of the planet. 

The Intergovernmental Panel on Climate Change (IPCC) has found that global mean surface temperatures have increased between 0.3°C and 0.6°C since the late 19th century, and predicts that the average temperature may rise by 1.4°C-5.8°C by 2100. Although there is still considerable uncertainty in the scale of predicted changes on the basis of measured change, modelling and forecasting it is clear that we need to adopt the precautionary principle in dealing with climate change issues. It is likely that climate change will bring (if not already bringing) further changes to global temperatures, precipitation patterns, sea level and the distribution and intensity of extreme events to all corners of the globe. The message from many eminent scientists is that unless we take action against the causes of climate change immediately the dimensions of the impacts will grow. Of course, the impacts that are already in train will take decades to abate even if we can take immediate action to halt the causes of climate change, but that simply heightens the urgency with which we must act.

The recently released findings of the MEA have noted that observed impacts of climate change have included:

· changes in species distributions and population sizes;

· changes in the timing of reproduction or migration events;

· increase in the frequency of pest and disease outbreaks; and

· that many coral reefs have undergone major, although partially reversible, bleaching episodes when local sea surface temperatures have increased.

The MEA has concluded that by the end of the century, climate change and its impacts may be the dominant direct driver of biodiversity loss and changes in ecosystem services globally. Maintaining ecosystem services, in turn, is essential for achievement of the Millennium Development Goals by 2015 and beyond. Critically, the impacts of climate change magnify the impacts of other human-induced changes, such as deforestation, over-fishing and pollution, increasing the species extinction crisis that we already face.

We are here at Stony Brook to consider the implications of, and suggest remedies for, the impact of climate on protected areas (PAs), a subset of the wider problems and impacts that we must address in dealing with the implications of climatic change. However, PAs are a critical component of addressing the wider issues, and climate change affects all ecosystems, regardless of their protected status at national or even international levels.

2. The Impacts of Climate Change on Protected Areas

As we have heard in Jeff McNeely's presentation yesterday, there has been considerable growth in the global PAs estate, which now covers the equivalent of 12.5% of the Earth's land area. Almost all biomes of the world now have, at least theoretically, more than 10% protection through a global network of more than 100,000 sites. Unfortunately, only a tiny fraction of the oceans, 0.5%, are protected. Nevertheless, building the global PA network has been, and continues to be, one of the most important human endeavours. The importance of protected area values for biodiversity conservation and ecological services is now also recognised in global environmental development targets. Thus a critical link has been endorsed at international policy level between development and protected areas.

It is self-evident that the wide distribution of protected areas across the globe means that they are highly vulnerable to rapid climate change. Almost every part of the globe contains PAs that will be impacted. Although there are more than 100,000 PAs, the vast majority tend to be small and fragmented within landscapes of change. The 20 largest PAs in the world, a tiny 0.02% of the global number, cover 4 million km² or 21% of the total area protected. Nevertheless, this wide global distribution offers us the chance to build PAs into climate change mitigation measures.

In a recent analysis, WWF (2003) has categorised the types of climate change impacts on PAs as follows:

· Disappearance of Habitats and Ecosystems

This is clearly the most drastic of impacts for protected areas, and one which is anticipated to affect low-lying, coastal and marine areas, principally coral reefs, mangroves and salt marshes. Indeed, these kinds of impacts are already being recorded at a number of sites as a result of sea level rise, unseasonable flooding and increased sea temperature. Examples include the Sundarbans National Park and World Heritage Site, where an estimated 75 km² of mangroves has already been lost to sea level rise (although aggravated by deltaic subsidence). In a worst-case scenario the IPCC has predicted that 75% of the mangroves will disappear as a result of sea-level rise. As well as the loss of enormous biodiversity and natural heritage values, it has been estimated that it would cost almost $300 million to construct 2,200 kilometres of cyclone/flood embankments. A further annual cost of $6 million would be required for maintenance to mitigate the impacts of tropical storms (Dudley and Stolton 2003). We have already seen, in December 2004, the value of natural coastal ecosystems, especially mangroves, in mitigating the impacts of the Asian tsunami. Although the cause of tsunamis is geological, the predicted increase in the frequency and intensity of cyclonic storms and resulting sea surge arising from climate change is likely to have similar impacts on low-lying ecosystems and human communities.

Areas such as the Great Rann of Kutch, which supports one of the largest Greater Flamingo colonies in Asia, are under threat from sea level rise and tidal flooding if breeding grounds become submerged (Lal, Harasawa and Murdiyarso 2001). It would also impact on the Wild Ass Sanctuary and Kachchh Desert Sanctuary. The situation of the innumerable atolls and reefs of the Pacific and Indian Oceans is well known, many of which are community managed protected areas providing subsistence and livelihoods for local people. 

· Catastrophic Long Term Changes to Ecosystems

Even where ecosystems are not completely eliminated there are a range of impacts that may cause major and irreversible damage. One of the most alarming predictions is the complete loss of summer ice in the Arctic within 50 years, with catastrophic impact on polar bears, seals and other  species, and upon indigenous communities. Similarly, break-up of the Antarctic ice sheet will impact on penguin populations. In 1998 it was reported that the Adelie Penguin population had declined by 33% in the last 25 years as a result of reduced winter sea ice habitat. More recently we have seen satellite images of major ice fractures in the Antarctic.

Coral bleaching events are now recorded with increased frequency, but notably in 1998 when tropical sea surface temperatures were the highest on record. Climate change is postulated to be the primary cause of steadily rising marine temperatures, in concert with more frequent El Niño and La Niña events. The death of coral reefs would severely impact the world’s most valuable protected coral reef ecosystems, such the Great Barrier Reef in Australia and the Aldabra Atoll in the Seychelles. It will also impact the innumerable reefs that provide subsistence and livelihoods for island and coastal communities in the tropical regions of the world.

Upward, altitudinal movement of species is one apparent option for adjusting to the increased temperature associated with climate change. However, many species and habitats are already at the end of their range - there is nowhere else to go in the face of rapid change. Montane cloud forests are an ecosystem where such changes have already been observed. For example, the disappearance of the Golden Toad and the Harlequin Frog in the Monteverde Cloud Forest Reserve has been attributed to climate change associated with an El Niño related drought in the late 1980s. Again, as well as biodiversity values, climatic change impacts on montane forests are likely to directly affect human interests. The La Tigra National Park in Honduras supplies high quality water throughout the year to 40% of the population of the capital city (Dudley and Stolton 2003). 

A rise in water levels in estuaries and shallow coastal areas will reduce the size and connectivity of small islands and protected areas (Lal, Harasawa and Murdiyarso 2001). A study in the USA concluded that over 11,000 km of protected coastline, including 80 coastal protected areas, are at risk from sea level rise (Beavers 2001). 

· Catastrophic Temporary Changes to Ecosystems

This includes the impacts of more frequent long-term drought events on ecosystems and species, especially wetlands but also a wide range of other ecosystems that already have a fine balance of ecosystem dynamics and seasonal aridity. The consequences of sustained droughts can result not only in impacts associated with water deficits but also the frequency of catastrophic fires that can potentially change even fire-adapted ecosystems. Eastern Australia was severely impacted by sustained drought and wildfires caused (in many cases) by lightening strikes. In Kosciusko National Park resulting firestorms severely damaged alpine vegetation, already located at the edge of an ecological range and susceptible to climate change. The Blue Mountains National Park World Heritage Site also suffered major damage from forest fires, and the catchments protected within the national park that provide water to Sydney’s 4 million people fell drastically and have not yet recovered. 

The impacts on ecosystems that are less fire-adapted are likely to be long lasting. The IPCC predicts that the frequency of forest fires is likely to increase in the coniferous forests of boreal Asia. We have already seen the catastrophic impacts of anthropogenic fires on the tropical forests of Southeast Asia and the subsequent regional smoke haze, causing major environmental and health problems costing millions of dollars. Further deforestation in the Amazon region is predicted to result in less evapotranspiration and less rainfall in dry periods, estimated to decrease average rainfall by 32% (Lean et al. 1996). These examples highlight the circular nature of climate change, as humans continue to reinforce and worsen the root causes of climate change through large-scale forest clearance and burning.

It is predicted that changes in fire regimes in Africa will impact on forest plant communities that form centres of endemism, many of which contain protected areas. More than 90% of world antelope and gazelle species are concentrated in Africa and it is predicted that climate change induced habitat alteration will alter the distribution range of many of these (Desanker and Madadza 2001). Considering that wild biodiversity forms an important resource for African people, both consumptive and non-consumptive, major changes in the distribution and availability of key species could further impact negatively on the economy and livelihoods of societies in Africa.

· Dramatic Changes to Habitats and Ecosystems

These changes cover issues such as melting montane ice caps and glaciers, and species shifts to cooler latitudes and altitudes. There are now stark examples of retreating glaciers, and disappearing ice and snow cover on the mountains of the world. For example, the snow and ice cap on Mt Kilimanjaro has been in retreat for several decades and is predicted to completely disappear by 2020. The ice on the summit formed more than 11,000 years ago but has decreased by 82% over the past century (Thompson et al. 2002). Thus, some of the most iconic protected natural heritage places in the world are likely to undergo major transformation. In many protected areas the values for which they were established will alter or diminish as species that are able to shift their range outside the boundaries of established protected areas. The extent of such shifts has been measured in some areas. For example, in the European Alps global warming is attributed to the upward altitudinal movement of some plant species by 1-4 metres per decade and the loss of some taxa restricted to high elevations, threatening the values in areas such as the Swiss National Park (WWF 2003).

3. Recognising Values: Planning, Adaptation and Mitigation

Protected areas are now a fundamental part of the way that humans manage the planet. We have established them to conserve landscapes and ecosystems, the biodiversity contained within them and the ecological services that they provide for humanity. Climate change provides yet another critical argument, if not the urgency, for not only ensuring the protection and management of our existing conservation areas but also expanding the present system into an even more effective global network. Even though protected areas are wide-ranging across the Earth's biomes they are, as we have seen, highly vulnerable to the impacts of climate change and they tend to exist as islands in landscapes of change and modification. Adaptation to climate change at the species and ecosystem levels, where adaptation is feasible, will depend on capacity to shift horizontally across the Earth (latitude/longitude) and vertically (altitude). Our greatest challenge, therefore, is to strengthen the capacity of protected areas to cope as best as possible with these potential lateral and vertical shifts. 

The recognition that protected areas tend to exist as islands in highly fragmented and modified landscapes has strengthened the concept of ecological networks in recent years as a mechanism for enhancing connectivity between protected areas and protecting remaining biodiversity not contained within declared conservation sites. The concept applies within countries and between countries. In 2001 there were at least 38 existing or planned ecological networks around the world (Bennett and Wit 2001). While many of these relate to 'on-the-ground' connectivity others help to conserve migratory species by protecting breeding and stopover sites scattered across the globe, such as migratory waterbird agreements (for example, the East Asian-Australasian Shorebird Site Network and the Bonn Convention Agreement on the Conservation of African-Eurasian Migratory Waterbirds).

Almost 50% of the total number of the world's PAs are in Europe, although most are very small and collectively they constitute only 4% of the total global area protected. The network approach has therefore gained considerable momentum in Europe with the development of the Pan-European Ecological Network (PEEN) to enhance ecological connectivity in the region. It has also progressed in Central America, with the establishment of the Meso-American Biological Corridor by the countries of Central America and Mexico. It is this type of large-scale cooperative system planning that must occur if we are to build adaptability into PA networks to meet the challenges of climate change. It will require a more comprehensive approach to international collaboration on practical conservation initiatives, taking the concept of transboundary PAs to new levels. We have already placed, from an ecological perspective, artificial political boundaries on natural landscapes - hence the existing recognition of the need for transboundary and ecological network collaboration between countries. However, the likely scale of the issues generated by climate change and the predicted responses of species and ecosystems will call for much more concerted action within and between countries. Fortunately in many parts of the world there are large protected areas and scope to extend or link them to other large areas, in particular in Africa, Asia and South America, and the possibility to establish new protected areas over large, relatively unmodified ecosystems.

In addition to developing and implementing strategies for improving connectivity of protected areas and providing for the movement of species, we also need to recognise the value of PAs in mitigating some of the broader impacts of climate change. Examples include:

· retention of vegetated catchments, especially forests, to protect water supplies – even if the plant species composition changes;

· retention of large forest ecosystems to assist in absorption of increasing levels of atmospheric CO2 and amelioration of changes in regional rainfall patterns;

· protecting upland forests and other vegetation to reduce the impact of storm events on soil and slope stability;

· retention, for as long as feasible in the event of sea level rise, mangroves and other coastal ecosystems that protect inland areas from the impacts of cyclonic waves and storm surge;

· protection of fish breeding areas in marine protected areas – highlighting the importance of substantially increasing the currently low level of marine protection;

· provision of livelihood buffers of managed natural resources, including non-timber forest products, wild foods and water supplies, for local rural communities in times of food crop deficits arising from droughts and pests;

· the retention of genetic diversity for restoring degraded ecosystems; and

· the potential for better control of disease vectors by natural predators in protected areas. 

4. Conclusion: Addressing the Issues

As noted in the introduction to this paper, protected areas represent a subset of a range of concerns relating to the predicted impacts of climate change – but they are a vital consideration. But how do we move forward with an agenda that ensures that protected area values are protected and that their roles in mitigating climate are fully utilised? Certainly we must act with considerable urgency to ensure:

· the continuing application of sound science to monitor climate change and to improve the accuracy of forecasting climatic and ecological change to ensure the effective role and values of protected areas in mitigating the impacts of change;

· transfer of knowledge and information, including planning tools and management responses between as many sites as possible to enable more pre-emptive management responses to changing conditions – and to ensure equity in the distribution and application of improved knowledge throughout all regions of the world, developed and developing;

· identification of ‘future areas’ and creation of ‘future range’ maps following scientific assessment of the likely movement of species and ecosystem changes resulting from climate change – not only important for terrestrial ecosystems and species but also for marine species;

· cooperation at both the international level and within countries to protect large and unfragmented ecosystems with effective buffers linked to other reserves within the framework of ecological networks, and promote the implementation of the CBD Programme of Work on Protected Areas adopted in 2004 and the Action Plan arising from the 5th World Parks Congress held in Durban in 2003;

· extension and recovery of ‘lost’  ecosystems; for example, by restoring near-coastal wetlands behind barrages built in historic times to create agricultural land, now of limited agricultural productivity or economic benefit;

· planning of protected areas with disaster mitigation in mind (Dudley and Stolton 2003), including fire management and alien invasive species programmes, and ensuring that planning and management reflects realistic ecological and environmental change time scales; and

· enhanced emphasis on the linkages between protected areas and ecological services in national and regional economic development planning, for example by:

· ensuring that the ecological values of protected areas are fully included, in the context of climate mitigation benefits, in national accounting

· exchanging heavily subsidised agriculture in Europe for wide-scale reafforestation programmes that could provide both ecological and economic benefits 

· recognising the value of infrastructure investment to maintain ecological services, such as coastal protection and re-routing land transport links to avoid ecologically sensitive areas 

Finally, as a species we are faced with an enormous challenge – and one of our own making. We speak of protected areas as ‘islands’ and ‘arks’ of nature, and indeed in most respects that is what they are, if only by default as a result of human modification of the planet. There is a moral argument that we have a responsibility, as the most manipulative of all species, to conserve the Earth’s remaining natural diversity even without the impacts of the climatic change that we have initiated. However, we have now moved beyond the moral argument into pragmatism. Perhaps that will be more successful, because it is certainly necessary. We can no longer only speak of protected areas as ‘arks’ because we are faced with the stark reality that the Earth itself is our ark. It is a reminder that the word ‘ecology’, not that long ago a new concept but now an everyday word, comes appropriately from the Greek oikos: house - and we urgently need to repair its leaks!

Ultimately, the only answer to lessening the impacts of the rapid climatic change that we have created is to address the fundamental causes by limiting carbon emissions and green house gases. That depends very much on collaborative and equitable approaches at the highest levels of governance. However, as we know, we are a species that only responds to crises, and our planning horizons are in large part limited to the terms of office of our political leaders. We need to realise that we are on the path to our greatest crisis as a species, and we need to act with alacrity. One thing is certain, protected areas are a fundamental part of our global survival strategy and there is action that we can take to ensure that they play that role.
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