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Emerging Issues Related to The High Seas
1 Introduction 

1.1
Context of this Issue Statement

The high seas are the least explored and least understood ecosystems on the planet. 

Until the 1950s they were assumed to be relatively virgin environments where no life existed below 6,000 meters. Being open to all nations, they were mainly used for shipping and more traditional fishing. No real biological value or economic potential was attributed to the high seas and there was little perceived threat. Recent decades have seen an increase, however, in human exploitation of the high seas. Deep sea fishing and oil and gas extraction technology, for instance, can currently operate down to water depths of at least 2,000 m. And atmospheric deposition, ship-generated waste and technology-induced noise are reaching deep-ocean waters.   

Serious research in the deep-sea started in the 1960s, revealing over time that the high seas do have an ecological value and economic potential and they may well be critical for the health of the Earth. Ample evidence now exists demonstrating that current activities already pose serious threats to deep-sea environments. As the U.N. Secretary-General said on World Environment Day this year “Society can no longer view the world's oceans as a convenient dumping ground for our waste, or as an unlimited source of plenty."  Precaution is necessary while embarking on the exploitation of the high seas.

The aim of this Issue Statement is to raise international awareness of current developments in and potential threats to the high seas. These issues are of vital importance to States that are party to a Regional Sea Convention or that have endorsed a Regional Sea Action Plan, in part because the marine environments protected by these agreements in turn have direct effects on the deep seas. Living and non-living resources of the deep sea are inextricably linked to coastal and territorial waters.  Coastal States have a vital interest in raising awareness of deep sea issues and in becoming involved in efforts to better understand and protect the deep seas.  

1.2
Current status of natural resources in the high seas

Even though the high seas cover approximately 50 per cent of the Earth’s surface (and 64 per cent of the world’s oceans), the high-sea environment is still relatively scarcely studied and poorly understood. They are beginning to be recognised, though, as a major global reservoir of biodiverity and productivity. Estimates vary widely, but it is thought possible that there are more species in the deep sea than in all the other environments on Earth combined and that more than 90 per cent of the world's living biomass (from seaweed to blue whales) is found in our oceans.

High seas are home to fish and other living organisms, but they also harbour valuable non-food products. As study of the high seas advances, it is becoming apparent that the large species diversity and complexity may offer real economic value for the exploitation of genes and other natural products. The high seas also provide ecological services with no current market value, but having substantial economic benefit, such as weather modulation and CO2 absorption. And they have more abstract values such as world heritage, aesthetic and tourist values. 

Fundamental discoveries continue to be made, such as the specialised fauna near hydrothermal vents, where more than two hundred new species were discovered in the last 20 years. Some even argue that a considerable proportion of the Earth’s genetic diversity is probably found in deep-sea organisms like those located in the vicinity of hydrothermal vents. These organisms live under extreme chemical conditions at temperatures as high as 50oC. Such new life forms could provide important keys to new pharmaceutical products and in other industrial biotechnology applications.
More recent ‘mapping’ studies are also revealing a wealth of different habitats in the deep sea with potential economic value. Renewable energy technologies using ocean resources are being considered. Investigations have begun to look into whether greenhouse gases can be stored deep under the ocean's surface. And the use of cold deep water for cooling and drinking is rising as technologies develop and processing costs drop. Most such applications, however, are in experimental phases, if not hypothetical. Their potential benefits have yet to be proven. 
A WWF/IUCN summary review of eleven types of deep-sea landscapes and phenomena is annexed to this paper, giving an environmental characterization as well as particular scientific, societal or economic interest and their threats. Covered are hydrothermal vents, seamounts, deep-sea trenches, deep-sea ‘coral reefs’, manganese nodules, cold seeps and pockmarks, gas hydrates, submarine canyons, seabirds, cetaceans, and migrating fish stocks.  

2
 Selected Issues of importance in the exploitation of high seas

2.1
Potential impacts of current high seas exploitation

Human activities taking place outside the high-seas area have already proven negative impacts on the deep seas. Ozone depletion and climate change undermine ocean ecosystems indirectly. Microscopic, photosynthetic algae at the base of the oceanic food web are harmed by exposure to ultraviolet light due to ozone depletion. Climate change may not only result in sea level rise and more severe coastal storm damage, it may also affect temperature and salinity in particular marine ecosystems, causing species mortality and modifying species composition and migratory patterns; at the global level, it may lead to major changes in ocean circulation patterns. Persistent organic pollutants accumulate in the fatty tissues of many organisms, especially at the top of the food chain, and tend to concentrate in colder climates. Recent studies indicate that the long-range transport of such pollutants intensify toxic effects on marine species.
New commercial activities in the high seas itself are adding to these already existing pressures. High-sea bottom trawling, for instance, and sonar technology in oil and gas exploration have the potential to undermine deep-sea biodiversity and habitats. 
2.1.1
Deep sea trawling and deep sea fishing


The development of new fishing technologies and markets for deep-sea fish products has enabled fishing vessels to begin exploiting the diverse deep-sea ecosystems. Approximately 80 per cent of the high-seas catch is currently taken by bottom trawl fishing vessels. However, the reported high seas bottom trawl catch in 2001 represented only about 0.2-0.25 per cent of the global marine fisheries catch; the overall value of high seas bottom trawl fisheries is not likely to exceed 0.5 per cent of the estimated value of the global marine fish catch in 2001; the overall contribution of high-seas bottom trawl fisheries to global food security is negligible as most of the catch is sold in the European Union, Unites States and Japanese markets; and the global high-seas bottom trawl catch is not likely to support more than 100-200 vessels fishing on the equivalent of a full-time, year round basis (most bottom trawl fishing vessels only fish part-time on the high seas).
While the role of high-seas bottom trawl fishing may be minor in terms of total global marine fisheries output, it causes major damage to the high-sea ecosystems. Losses of up to 95-98 per cent of the coral cover of seamounts as a result of such deep-sea bottom trawl fishing have, for instance, already been documented. And this type of high seas bottom fishing is likely to grow in coming years as deep-sea fish stocks within national jurisdiction are depleted and/or increasing restrictions are placed on fisheries within national jurisdiction. 

Precautionary and ecosystem based international fishing management measures can help protect the biodiversity of the high seas. However, more complete information is required on biodiversity hotspots in the high seas, on catch and by-catch quantities, on areas fished, on the biology of targeted and by-catch species, and on number of flag states and vessels involved. 

2.1.2

The use of sonar and its effect on deep-sea wildlife


There are many forms of sound pollution in the deep oceans, produced by a variety of human activities. Large vessels are typically loud and shipping is increasing. Powerful sonar systems are used in military operations. Sonar applications are also common in scientific ocean research and, for instance, in aquaculture (to scare away potential predators). Even aircraft noise penetrates into ocean water. And most importantly, seismic surveys and drilling for mineral, oil and gas exploration and exploitation add to the increasing underwater noise. 

All these activities have fundamentally changed the noise profile of the world's oceans. It's a problem that doesn't have much noticeable effect on us and we can't see it either. It’s thus hard to realize the existence of the problem, let alone its extent. Airguns used for seismic studies, for example, produce explosive impulses of sound directed toward the ocean bottom. Echoes produced by these impulses are recorded and analyzed to provide information on sub-surface geological features for academics and the mining industry. These tests are massive, covering vast areas of ocean with thousands of blasts going off every few seconds in some cases over the course of days, weeks or months. The noise pollution from these tests can currently be heard literally across oceans. 

The International Whaling Commission (IWC) has repeatedly noted that marine mammals are at potential risk from increasingly intense man-made underwater noise. While it is generally assumed by industry that the risk of physiological damage is low, there are many uncertainties in our understanding of both sound transmission and the biological effects of sound "pollution" in the ocean, for instance on marine mammals that may suffer loss of hearing, as well as disruption of feeding, communication, mating and migration. As a result they may eventually even die due to noise pollution. 

There is a lack of solid data in nearly all aspects of ocean acoustics. In addition, the complexities of acoustics science and inconsistencies in terms of measuring systems have made it difficult to assess existing research and data.  NGOs such as Greenpeace have highlighted the potential risks, however, arguing that sufficient data exists to warrant a precautionary approach to the use of sonar in the deep sea.  
2.2 
Potential benefits from the high seas and related threats

Many different theories exist about potential economic benefits that could be derived from the high seas. Ideas vary from the use of the cold deep-sea water for cooling, to waste management and biotechnology applications. Opinions equally vary as to the feasibility of most potential uses, with some theories propounded as near future reality by some people being dismissed as science fiction by others. Until a better understanding of deep-sea ecosystems has been reached, the benefits as well as risks and threats associated with pursuing various activities remain uncertain. 

2.2.1
Mining of deep sea mineral deposits 
Initial interest during the 1960s and 1970s in manganese nodules on the deep sea floor (which in many ways drove the adoption of the UN Convention on Law of the Sea, with its recognition of these resources as the “common heritage of mankind” and its delegation of authority for regulating deep seabed mining to the International Seabed Authority) may now be shifting to polymetallic sulphide deposits. The latter are found at and near active sites of hydrothermal venting, where extremely hot-water mineral springs rise under high pressure from the seafloor and deposit their mineral contents to form submarine ‘chimneys’. The resulting massive metallic sulfide deposits can reach sizes ranging from several thousand to about 100 million tons and are highly enriched in gold, copper, and base metals. Hydrothermal vents and their communities last for relatively short periods (10 to 100 years) and the deposits are not renewable resources.

Mining technology for extracting the deposits has not been fully developed as yet. Manganese (an essential component in iron and steel production) is widely distributed across the deep-sea bed, so efforts to mine manganese modules will necessarily have a broader geographic approach.  In contrast, efforts to extract polymetallic sulfides will concentrate on individual mound-like deposits. So far exploration is generally limited to areas within national jurisdictions of coastal states. Operations do, however, point to the likely eventual exploitation of areas beyond that – on the high seas.  This is not expected to become commercially feasible for at least 20 years according to some experts, but opinions as to just how imminent operations may be vary.

The potential economic benefits both for deep sea mining are vast, however. Indications from current offshore mining operations, such as diamond mining taking place off the shores of South Africa and Namibia, which have an estimated annual production value of $0.25 billion, suggest that deep sea mining could yield inestimable wealth.  Even though mineral extraction from deep sea hydrothermal vents is still at the theoretical stage, mineral deposits at submerged volcano basins are economically promising, lying at intermediate water depths and containing more precious metals.  

The only current anthropogenic threat for hydrothermal vent ecosystems comes from scientific research. Future threats are unclear. Polymetallic sulfide mining will not be accompanied by the land-use conflicts faced onshore. Moreover, unrecoverable infrastructure costs, such as community facilities, roads and railways will not be necessary. Once a deposit is mined, the mining system will be able to move on to the next deposit with minimal reclamation and abandonment of assets. However, such deep-sea mining poses a substantial threat in terms of physical damage of surrounding habitats and inevitable severe disturbance to the associated biological community. Mining activities may also result in increased sedimentation and plume generation, and disturb the vent water circulation systems. The deep water, lifted to the surface during a mining operation, has a high nutrient content. This could lead to local or regional increases in primary productivity and associated impacts, including eutrophication and changes in community structure. 
2.2.2
Bio-prospecting 

Unique biological communities are associated with the hydrothermal vents. These ‘short-lived-boiling-hot-ecosystems-in-the-dark’ are oases of very high biomass, ranking with estuaries and salt marshes. Most vent organisms are new to science and found nowhere else. Over 75 per cent of vent species occur at only one site. 

The unique, highly productive ecosystems are of great interest to scientists, but also to the pharmaceutical and bio-technology industry because of the economic potential of enzymes and biochemical processes which occur in these extreme environments. Clearly, enzymes capable of functioning at temperatures of over 50oC, under very high pressures, and in the presence of very corrosive chemicals have great potential for a variety of uses.  Potential commercial applications include use of the enzymes in pharmaceuticals, DNA fingerprinting, food preservatives, detergents and even in oil drilling and mining operations.  

As with mining of deep sea mineral deposits, it is difficult to assign actual monetary values to these enzymes, as much of the theorizing relating to their extraction and use continues to be speculative.  Industry has demonstrated itself willing to invest significantly in further research into these applications, suggesting that, once again, great wealth is simply waiting in these vents for technology to catch up with it.

Threats of scientific research and bio-prospecting are unknown. The --until recently-- completely un-known life-forms could pose a threat (as invaders) outside their own habitat. Besides, bio-prospectors may require large quantities of a particular organism in order to obtain useful quantities of natural products. This could have an effect upon both the target species and the ecosystem as a whole. However, with advances in molecular techniques, this may be less of a problem as the requirement of large quantities of animal tissue will be reduced. Also, there is a distinction between scientific research (and the duty to make research data and results freely available for use by all) and bio-prospecting (and the right to retain data and research results as proprietary, leading to private commercial gain). 

2.2.3 
Gas Hydrates

Gas hydrates are crystalline minerals enclosing hydrocarbon and non-hydrocarbon gas.  Although knowledge of their existence in coastal areas and deep seas dates back to the 1800s, these sources of “fire trapped in ice” were formerly regarded as nothing more than troublesome, since they clogged up oil and gas pipelines.  More recently, the potential for these hydrates to serve as a tremendous source of fuel and to play a role in possible disaster is garnering them more attention.

Gas hydrates contain gas molecules in concentrations up to 160 time greater than the same volume of pure gas.  It has been theorized they may be the largest reservoir of carbon on earth, constituting at least twice as much as all other fossil fuels combined. The vast quantities and high concentrations make the hydrates a tempting object for many countries, several of which are working on developing technology for extracting the gas locked in the hydrates, but a method that would be both safe and effective has yet to be found.
Safety is a particular source of concern generally regarding gas hydrates, both regarding potential extraction attempts and regarding other deep sea operations.  For example, given their widespread presence, it is possible that deep sea drilling operations could result in the permeation if a gas hydrate, resulting in a potentially catastrophic meltdown of the hydrate bed.

As with hydrothermal vents, gas hydrates also offer a fascinating insight into unique wildlife, which in turn may have commercial as well as scientific value.  Giant bacteria and tubeworms, as well as other wildlife unique to the gas hydrate environment (and able to survive in extreme conditions) continue to be a focus for gas hydrate exploration.

2.2.4 Ocean storage of CO2 through direct injection

Transfer of CO2 from the atmosphere to the oceans at the air-sea interface and transport of CO2 to the deep cold ocean waters are natural, be it slow, processes (the cooler the water, the more soluble the gas). The ocean holds about 50 times more CO2 than the atmosphere and its capacity to hold it is much larger. Direct CO2 injection into the deep ocean, as a method of storage, would accelerate these processes.

CO2 captured from large point sources would be transported to injection sites by tanker or pipelines for injection into the ocean. As CO2 dissolves, it increases in density and the CO2-enriched water sinks. Model simulations indicate that retention times of more than 1000 years would be achieved by injecting at depths of 3000 meters. In theory, at injections below 3700 meters, liquid CO2 becomes so dense that it sinks to the sea floor and forms a CO2 “lake". Water temperatures decrease dramatically with depth and cooler, denser water moves more slowly. Therefore, the deeper the CO2 injection point, the longer it will take for the CO2 to move up again to the surface and into to the atmosphere

The technology exists to implement this CO2 storage option. The most significant potential threat is probably the change in deep-sea acidity (due to the reaction of CO2 with seawater) but further study and field experiments are required to better understand ecological and biological impacts.  

2.2.5
Using the unique qualities of deep ocean water 

Deep ocean water has potential to contribute to sustainable development in warm (and dry) coastal areas. Deep ocean water is cold, nutrient rich, and pure. With new technologies the use of these unique qualities can be optimized. The basic idea is to pump up cold deep ocean water and lead it to shore via a pipe system. If applied wisely, various economically viable technologies could be used without insult to natural environments. Examples of test applications in Hawaii are air conditioning, industrial cooling, and fresh water production through condensation (for instance for agricultural use). After the deep ocean water has been employed in one or more cold utilization applications it can be re-used for its nutrients, residual cold and purity (for instance in aquaculture operations). A potential threat from such applications could stem from the construction and maintenance of the pumping and pipe systems, which could possibly damage the surrounding habitat and its wildlife.
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Hydrothermal vents

· Highly localised sites of high temperature fluid-escape from the seabed

· Typically located on mid-ocean ridges (10s known, 100s suspected)

· Typically support abundant biological populations, fuelled by chemosynthesis

· Highly specialised fauna, of relatively low diversity, but high endemism

· Vents and their communities are lasting for only short periods (10s of years)

· Subject of intensive scientific study – an actual threat

· Considerable biotechnology potential – a potential threat

· Interest in commercial resource (ores and energy) exploitation – a potential threat

Seamounts

· Undersea mountains of volcanic / tectonic origin

· May interact with upper water column (e.g. enhancing surface ocean productivity)

· Found in all ocean, 30-40,000 known

· Tops and upper flanks of seamounts may be biological ‘hot spots’

· Hard substrate suspension feeding communities (sponges, corals etc) may be common

· Potentially high species diversity and endemism

· May act as ‘stepping stones’ for transoceanic dispersal of species

· Fish and seabird populations may be enhanced over seamounts

· Considerable commercial fishing – an actual threat

· Interest in commercial resource (ores) exploitation – a potential threat

Deep-sea trenches

· A feature of subduction zones, the deepest areas on the planet

· Few in number (37), but up to 1,000s of kilometres in length

· Most lie within Exclusive Economic Zones

· Largely endemic fauna, adapted to extreme hydrostatic pressure

· Interest in biotechnology potential – a potential threat

· Interest in use as waste disposal sites – a potential threat

· Significant potential for direct influence from terrestrial pollutants – a potential threat

Deep-sea ‘coral reefs’

· Several species of deep-sea coral are capable of forming ‘reefs’

· They are widely distributed in the world’s oceans, from 10s to 1,000s m water depth

· Occur in wide variety of environmental settings

· They vary in size from individual colonies (10s cm) to extended patch-reefs of 10 km extent

· Provide habitat for high diversity of associated species (few or no obligate associates known)

· Extensive damage by commercial trawling evident – an actual threat

· Deep-water oil exploitation within areas of known occurrence – an actual threat

· Interest in biotechnology potential – a potential threat

Polymetallic nodules

· ‘Manganese’ nodules and other metallic deposits may occur in vast fields on the deep-ocean floor

· Provide a hard substratum for species, increasing local / regional diversity

· Considerable potential for commercial exploitation – a potential threat

· Pilot scale mining studies have been undertaken

· Environmental impact studies have been undertaken

Cold seeps and pockmarks

· Highly localised sites of low temperature fluid escape from the seabed

· Occur in a wide variety of physiographic and geological settings

· Typically support abundant biological populations, fuelled by chemosynthesis

· Highly specialised fauna, of relatively low diversity, but high endemism

· Seeps and their communities may be ephemeral

· Interest in biotechnology potential – a potential threat

· Connection with deep-water oil exploitation – a potential threat

Gas hydrates

· Frozen methane gas

· Probably abundant and widespread in deep-sea environments

· Associated fauna little known

· Interest in biotechnology potential – a potential threat

· Considerable interest in direct exploitation – a potential threat

Submarine canyons

· Common deep-sea features that cut across continental slopes

· They influence local bottom water flows and may acts as traps for organic matter

· They may be biological ‘hot spots’ with enhanced benthic populations

· Fish (and possibly cetacean) populations may also be enhanced

· Commercial fishing (trap and long-line) may be important – and actual threat

· Significant potential for direct influence from terrestrial pollutants – a potential threat

Seabirds

· ca. 22 per cent of the world’s seabird species are “threatened” species

· Many seabirds have low reproductive rates; they are sensitive to additional sources of mortality

· Long-lining fisheries in high-seas waters and high-sea bottoms are the largest threat to seabirds

· Changes in long-lining methods and better regulation may reduce seabird casualties

Marine mammals

· Some species migrate thousands of miles during their lifetime

· Many whale populations have failed to recover despite many years of protection

· Whale mortalities arise mainly from commercial whaling and fishing

· Molecular genetic methods indicate significant illegal sales of whale products

Transboundary Fish Stocks

· Fish do not respect national Exclusive Economic Zone boundaries

· Over-fishing on the high seas has become particularly acute in recent years

· Some deep-sea species have life histories that make them very susceptible to exploitation and over fishing

· High-seas fishing fleets typically use non-selective equipment producing high by-catch mortalities

*Copyright: WWF/IUCN, 2001.
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