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Introduction

Marine debris is a problem that affects beaches/coastlines and the sea floor at all depths and its impact is of global significance. It has been recognized as a serious pollutant for around 30 years, but has only gained widespread recognition in the past decade or so. Clean up schemes, particularly those requiring public participation, have led to greater public awareness. This though does not appear to have led to any great reduction in the amounts of debris being found on beaches worldwide. Marine debris has been defined as ‘any manufactured or processed solid waste material (typically inert) that enters the marine environment from any source’. (Coe and Rogers, 1997, xxxi). Marine debris is also often termed marine or beach litter. The sources of this form of pollution may be the from the land (e.g. either direct from beach users or from rivers) or from the ocean itself. Once in the marine environment debris may remain for many years, particularly if it is plastic and numerous world-wide beach based debris studies have recorded plastic as the dominant material (e.g. Gilligan et al., 1992, in the USA; Garrity and Levings, 1993, in Panama; Benton, 1995, in the Pitcairn Islands; Jones, 1995, in Australia; Bowman et al., 1998, in Israel).  Indeed, plastics have been considered an environmental and pollution threat to the marine realm whose importance will incrementally increase through the 21stcentury  (Goldberg, 1995,1997). The problems created are chronic and potentially global, rather than acute and local or regional as many would contemplate. 

Sources

Marine debris sources can be broadly classified into two groups: sea-borne sources and land-based sources (Fowler, 1987; Corbin and Singh, 1993; Rees and Pond, 1995a). Sea-borne sources include, commercial fishing vessels, cruise ships, recreational vessels and merchant and military ships (Williams and Simmons, 1995). Most concern has focused on debris discharged from vessels. There is now extensive evidence that land-borne discharges are a major source of marine debris and it has been stated that land-borne sources are believed to be a much more significant contributor of pollutants to the marine environment than are vessels (Bean, 1987; Faris and Hart, 1995). Land-based debris can enter the sea through rivers, or can be blown, washed or discharged directly from land. The absence of sewage treatment installations, the presence of combined sewer overflows, storm water discharges, run-off from landfills sited nearby rivers and in coastal areas, the absence of waste services or landfills in rural areas, recreational beach users, and fly tipping all contribute to debris ending up on beaches or in the oceans (Nollkaemper, 1994).

Identifying from which source debris has originated is an altogether more difficult task. On occasions the source of the pollution is clear and local (Johnson, 1989; Walker et al., 1997). But all too often the sources are not so obvious and can be international either in terms of shipping (Dixon, 1995), or land based litter from other continents e.g. American litter on west coast European shores (Olin et al., 1995). The movement patterns, sinks, and degradation rates of marine debris are still not completely understood, although there is significant recent research in this area (Williams and Simmons, 1997; Bowman et al., 1998; Williams and Tudor, 2001; Williams et al, 2003). In these circumstances one cannot generalize or make assumptions about sources, site specific measurements will almost always be required (Earll et al., 2000). Possible sources, whether geographical or socio-demographic, can only be established by recording the maximum amount of detail concerning the debris item. (Williams et al., 1999). At present there is no accepted methodology that enables researchers to link litter items to their source (Tudor and Williams, 2004): the conceptual step taken to link litter to a source requires the following:

· the identity of the item is known or at least described systematically

· the function and application of the item is understood, and 

· that quantities of the item are measured.

Studies of why littering takes place in particular situations e.g. fly-tipping, or failure to use port reception facilities, are likely to be very important in future as greater emphasis is placed on this aspect (Earll et al., 1999).

Case studies- Extent of problem

The source of marine debris found on beaches world-wide varies widely. As previously stated, there are certain site specific elements that influence the source of litter and these can differ from beach to beach. Comparisons of debris amounts are generally complicated by differences in methodology among studies, beach substrates and environmental factors influencing the transport of debris items. Although comparisons are difficult, certain similarities can be noticed. In a survey of debris along the Caribbean coast of Panama, Garrity and Levings (1993) found that 56% of the items were made of plastic; 89% of this plastic debris being related to consumer or household goods; that the country of origin of the debris was related to distance from the survey site This agreed with the findings of Dixon and Cooke (1977). Garrity and Levings (1993) concluded that 1. Local household waste, 2. Shipping, and 3. Near shore marine activities were the major sources of debris. They found no evidence of substantial input from industrial, recreational or offshore commercial fishery sources.

Corbin and Singh (1993) in a study of Caribbean island coastlines showed that the amount and kind of items found were associated to types of coastal activities and variations in population density. Even though the study area was a busy lane for liners and other ships passing through the Panama Canal, little evidence was found of debris from distant sources or debris discarded from cruise ships washing up on the coast. This result is in contrast to other studies (Morris, 1980; Shiber, 1987).

A study of marine debris at Bird Island, South Georgia, by Walker et al., (1997) helps to illustrate the problem of generalizing the sources of such wastes. The findings were that the source of much of the marine debris found was from local fisheries, with the majority of debris originating from jettisons by long-line fishing vessels.

Williams and Simmons (1997) conducted surveys on beaches fringing the Bristol Channel, UK, an estuarine area with relatively low levels of shipping. The authors stated that ‘the higher number of beverage and dairy product containers tend to indicate greater contributions from land-based sources, either from beach users or riverine inputs’ (Williams and Simmons, 1997, 1161). Very low amounts of foreign material were encountered during the study, suggesting low levels of ship discards. In contrast to this, studies carried out by the Tidy Britain Group in other parts of the UK. have found that the primary sources of debris within their study area originated from shipping vessel sources (Dixon, 1995). As stated earlier, comparisons between locations are difficult and any generalization about sources, persistence and dynamics of marine litter would therefore be unwise.

Results from studies initiated in the Mediterranean showed that certain portions of this area do not have large amounts of litter emanating from sea-borne or riverine sources, but rather from the high numbers of beach users (Golik and Gertner, 1992). The importance of location is shown in that, ‘there are indications that most Mediterranean coastal litter is land-based, in contrast to the reported marine-based litter on the western European shores (Gabrielides et al., 1991, 437). Additionally, areas such as Indonesia have also seen a rise in the impact of tourism on marine debris (Willoughby et al., 1997).

Debris on beaches is a world-wide problem and there is no region that has escaped this form of pollution. From the remote Pitcairn Islands (Benton, 1995), to Europe (Phillip et al., 1995; Williams and Markos, 1995; Velander and Mocogni, 1998), Australasia (Gregory 1977; Jones, 1995; Haynes, 1997), North America (Gilligan et al., 1992; Ribic, 1998; Thornton, and Jackson, 1998), Southern Africa (Ryan and Maloney, 1990), the Middle East (Anbar, 1996), and South America (Bourne and Clark, 1984; Goodall, 1990), litter can be found on beaches.

Problems - socio-economic - tourism, fishing, health, aesthetic.

Effects on Humans

Numerous studies of beach litter have commented on the potential danger to visitors, mainly from foot lacerations caused by stepping on glass or discarded ring pull tabs  (Olin et al., 1995; Philipp et al., 1995, Williams et al., 2000). Other, more dangerous items have been encountered on beaches that are less expected. Munitions and containers of corrosives have been found washed ashore (Dixon and Cooke, 1977), along with pyrotechnics, packaged hazardous goods.  Eleven types of partly used drugs, classed as medium to high hazard rating based on quantity found and if taken orally, were found on a 3 km stretch of beach at Sandwich Bay by Dixon and Dixon (1981). A further example occurred in 1993, off the coast of France, with an accident involving the ship 'Sherbo' in which 60,000 bags of a pesticide similar to nerve gas were lost overboard (Olin, et al.,1995).

Attention has turned recently to the less obvious health risks that can feature on beaches. These items are medical waste and sewage related debris. Although the risks are considered to be relatively low (Rees and Pond, 1995b, Nelson and Williams, 1997), any contact with infected sanitary products or fluids in syringes or other medical equipment, or ingestion of any of these could cause disease. Forty needlestick accidents on bathing beaches were reported between 1988 and 1991 to the UK Public Health Laboratory Service Communicable Disease Surveillance Centre (Philipp, 1993). Medical wastes have appeared on holiday beaches (Godlee and Walker, 1991) and in some places sharps containers are now being issued to lifeguards, who are advised not to go barefoot on these beaches. Studies carried out in Panama by Garrity and Levings (1993) also encountered significant levels of medical waste.

Debris on beaches is not just a health problem for those visitors who always remain on land, as bathers are also at risk. It provides information on ocean debris even though it is uncertain whether beach litter is representative of the ocean litter (Jones, 1995). It is however the only realistic indicator of the amount and type of debris present in the ocean (Walker et al., 1997). Sewage related debris on a beach would seem to suggest that the adjacent waters are contaminated with sewage which means a health risk to sea users. Bathers exposed to sewage contaminated water have a higher risk of skin and ear infections (McIntyre, 1990). In 1990, it was reported to  the UK House of Commons that the aesthetic quality of recreational waters is ‘becoming increasingly important as the public become more aware of, and sensitive to, the risks,’ (House of Commons Environment Committee, 1990).

Public attention to problems relating to the coastal zone have been based more upon public perception than on any scientific knowledge or evaluation of sources, fates and environmental effects (Windom, 1992). Associations have indeed been made between the public perceptions of items affecting the aesthetic appearance of bathing water and bathing beaches and the gastro-intestinal symptoms experienced after bathing in sewage polluted water (University of Surrey, 1987, Nelson et al., 1999). It has been reported that 'overt filth seemed to correlate with microbial filth' (Eykyn, 1988, 1484). Conversely there are suggestions that the public debate on sewage in bathing water rarely makes any distinction between aesthetic impact and actual health risk (Jones et al., 1991). To try and counter any ambiguities the Government White Paper 'The Health of the Nation' (1992) stated that there should be priority 'for research to pinpoint more accurately the linkage between the quality of the environment and the health consequences'.

Economic Effects

The problem of litter in the environment leads not only to potential health risks, but also to economic losses. Stranded debris has direct and indirect social and economic costs to shoreline communities, with the financial strains imposed by such debris not always easy to quantify, or to appreciate. Economic loss has been split into two areas, firstly loss to fisheries, and also loss to tourism.

Fisheries

The economic impact of debris on fishing has been studied over many years. Such losses have occurred due to the fouling of trawl nets by bottom debris, blocking of water intake pipes by plastic sheeting and, propeller foulings (Jones, 1995; Lart, 1995). Damage to ships following collisions with metal drums or wooden pallets at sea have also been reported (Dixon and Dixon, 1981). Costs result mainly from repair of damage and lost time.

'Ghost fishing' affects commercial fishing interests. This hazard occurs as a result of lost or abandoned nets and traps, which leads to the capture of target and non-target species. This will reduce reproductive potential, as immature fish that have not produced offspring are removed from the population (Pollard et al., 1999). Large items of debris are capable of tearing nets and other fishing gear and the presence of certain debris can lead to entire catches being discarded. Data is limited as to the costs incurred due to these encounters with litter. Jones (1995), found that for commercial fishing vessels reporting damage in Australia, the average cost was AUS$500 for repairs and AUS$200 for lost time in the period 1990-1992. The total cost world-wide is likely to be substantial for the commercial fishing industry.

An extensive study carried out by Nash (1992), concerned the impacts of debris on a group of subsistence fishermen. The findings were similar to others relating to commercial fishing, including propeller entanglements, fouling of nets, damage to fishing gear. One exception was that during the gathering of shellfish and molluscs by hand, waste such as glass can lead to foot or hand injury. 

An important distinction between commercial and subsistence fisherman is that even a minor decrease in yield can lead to a lack of provision for the latter with respect to basic needs, such as food. This can lead to abandonment of fishing completely (Nash, 1992). The knowledge that marine debris can cause livelihoods to be lost might be a greater spur for authorities to deal with the problem than knowing about the damage to wildlife.

Hall, (1998), in a study in the Shetlands, UK, found that the costs associated with the time spent to clear and repair nets and lost catch due to contamination amounted to £57 - £114 Stirling per week in time, £300 - £1,000 loss due to contamination and £2000 - £10,000 for repair and replacement of damaged equipment The total cost world-wide is likely to be substantial for the commercial fishing industry. Hall, (1998)  showed that there is also the potential for farms adjacent to the coast to become affected by marine debris; wind blown litter can collect on fences, accumulate in drainage ditches, and be ingested by or entangled around livestock. 

Aesthetic Quality, Perception and Tourism

The loss of tourism and recreational potential are very real impacts of marine debris (Nollkaemper, 1994; Nelson et al., 2000). A coastal community that relies heavily on tourism for its livelihood can have its income severely depleted by marine debris (Corbin and Singh, 1993). Indeed, Windom (1992), suggested that the greatest impact associated with marine litter is not to organisms, but to the economic loss associated with the reduction of amenities. The money that can be made, or indeed lost, from tourism and related industries is enormous; the UK maritime leisure industry is worth £8 billion Stirling a year, with £6 billion relating to seaside holidays (Maritime Technology Foresight Panel, 1996). 

The aesthetic value of beaches can be reduced by the appearance of plastics, sewage related debris and, other items of litter (Jones, 1995; Pruter, 1987). People prefer to visit clean beaches, with both land and water free of litter, rather than those containing various assortments of marine debris. The public may avoid certain beaches if they find their appearance unacceptable (Williams et al., 2000). The effect of aesthetic issues on the amenity value of marine and riverine environments has been defined by the WHO as: Loss of tourist days; resultant damage to leisure/tourism infrastructure; damage to commercial activities dependent on tourism; damage to fishery activities and fishery-dependent activities; damage to the local, national and international image of a resort (Philipp, 1993). Many of these problems are manifest in developing regions such as the small island states of the Caribbean and South Pacific, where natural resources may be limited and economic development is largely dependent upon coastal tourism (e.g. Siung-Chang, 1997; Gregory, 1999a). Particular problems lie with waste disposal and management whether it is generated on land or by visiting and passing cruise vessels (Morrison and Munro, 2000). On an atoll or small high island  an ever expanding mountain of waste is difficult, if not impossible to handle (Tutangata, 1999). There are sharply conflicting interests between the sophisticated demands of most tourists and the environmental degradation inflicted upon local inhabitants who also have aspirations for a better life-style.

When considering aesthetics one must remember that it is usually a subjective and intangible concept. Aesthetics is a branch of philosophy concerned with the essence and perception of beauty and ugliness. Aesthetics also deals with the question of whether such qualities are objectively present in the things they appear to qualify or whether they exist only in the mind of the individual. In essence, whether objects are perceived by a particular mode - the aesthetic mode, or whether instead the objects have, in themselves, special qualities - aesthetic qualities. Logbook entries by visitors to a remote beach from southernmost New Zealand, highlight the visual and emotive impact wrought by fouling marine debris.  For example, ‘Most dirty man polluted beach I’ve seen in NZ – what a shame…we did our best to clean it up but only scratched the surface’, Gregory (1999b, 207), is a revealing expression of the  aesthetic values of an ecotourist.   

With regard to marine debris and aesthetics it would seem that the perception is almost universal amongst the population and therefore the consideration of litter is perhaps less subjective (Tudor and Williams, 2003). Cause and effect relationships have been established regarding public perception and lost revenue. Beach closures along with public perception of contaminated bathing areas in 1987 and 1988 resulted in approximately US$2 billion of lost revenue for New Jersey and New York states. The losses were ascribed to debris (Rees and Pond, 1995a). Other studies have found that 'sand and water quality' to be the most important aspect of a beach to visitors (Williams and Morgan, 1995).

As well as losses from tourism there are continual costs of beach clean up efforts that take time and money. Cleaning the coast costs local authorities thousands of US$ per year, additional costs are incurred when hazardous containers are found and have to be recovered from beaches (Dixon, 1992). The cities of Santa Monica and Long Beach in California, USA, each spent more than US$1 million in 1988-9 to clean their beaches and costs continue to rise (Kauffman and Brown, 1991). It has been estimated that the county of Kent, UK, has incurred direct and indirect costs of around £12 million Stirling resulting from marine and coastal pollution (Gilbert, 1996). Another European example is the Swedish Skagerrack coast where more than 6,000 m3 of litter was collected in 1993. Approximately 9,000 working days over 4-5 months with a total cost of around £1 million Stirling, gives the fiscal price of clearing marine litter at £156 / m3 (Olin et al., 1995). Harbor authorities in the UK also have to pay for the costs of keeping navigational channels free from litter, Lerwick Harbour, Shetland, for example accrues costs of £720 Stirling per annum for harbor clearance (Hall, 1998). At Studland, Dorset, UK, one million visitors per year along a 6km stretch of beach results in 12/13 tonnes of litter collected weekly in the summer months at a cost of £36,000 Stirling per annum (Williams et al., 2000). If any area is consistently polluted with debris then this can lead to falls in property values (Rees and Pond, 1995a).

Biologic interactions

The impacts of marine debris on wildlife are generally divided into two groups: entanglement and ingestion although fouling organisms and blanketing effects also warrant serious consideration (Winston et al., 1997). Entangled animals can drown, be fatally or seriously wounded, or have reduced ability to catch food, travel or avoid predators. Ingested material can block and damage digestive tracts and reduce feeding (Jones, 1995). It is estimated that over one million birds and 100,000 marine animals and sea turtles die each year from entanglement in, or ingestion of, plastics (Faris and Hart, 1995). Of the 115 species of marine mammal, 47 have been known to become entangled in and/or ingest marine debris (Pollard and Parr, 1997).

Entanglement

Entanglement of marine animals in debris can be broadly split into four areas:

· Large items of debris trap animals, which may result in the drowning of air-breathing species, asphyxiation of fish species that need constant movement to respire, or death by starvation or predation (Pollard and Parr, 1997). Large or heavy pieces of debris are also liable to drag animals down.

· Smaller items of debris greatly increase drag factors. This will lead to an increased vulnerability to predators and, a decreased ability to forage, which ultimately leads to starvation (Feldkamp, 1985; Loretto, 1995).

· Smaller debris items can become snagged on the sea floor trapping animals, or entangling birds and other animals on land.

· Entangled objects can tighten around the animal leading to restrictions in growth. This can lead to death or inhibit the ability to reproduce (Faris and Hart, 1995). Entanglement can also affect feeding. Emery and Simmonds (1995) reported that the majority of entangled seals have debris wrapped around their heads and necks which can affect ingestion of food.

The dangers to marine animals and birds caused by entanglement in man-made debris have been well documented (Carr, 1987; Fowler, 1987; Arnould and Croxall, 1995; Jones, 1995). In areas of particularly heavy maritime traffic or where oceanic currents naturally accumulate surface material, these problems can be particularly acute (Walker et al., 1997). 

A study carried out by Lucas (1992) on Canadian beaches between May 1984 and September 1986 produced data on beach litter composition and entanglement of marine animals. Results found that Harbour and Grey seals were entangled on Sable Island beaches in strapping, net, rope, and other items. Of 241 Grey seal pups handled during research, 2.5% were entangled. Further findings included, seabirds tangled in trawl net, six-pack yokes and balloon ribbons; a Sable Island horse was also found on the beach, with both hind legs entangled in a bundle of plastic strapping. The discovery of the entangled horse indicates the threat posed to terrestrial animals, as well as marine species, from marine debris.

Ingestion

The problem of ingestion appears to have attracted less attention and research than the entanglement of animal species. Plastic ingestion often leads to a less acute effect than entanglement; this could be due to the gradual accumulation of plastic debris in the guts of some animals (Fry et al., 1987; Faris and Hart, 1995). Compared to entanglement, much larger proportions of populations ingest marine debris - up to 100% in some seabird species (Loretto, 1995). Some species may be able to regurgitate or excrete debris, but plastics do not appear to pass through the intestines of seabirds as there is a marked absence of debris from droppings (Faris and Hart, 1995). Seabirds and turtles appear to confuse litter for food (primary ingestion), or ingest litter within other food (secondary ingestion), these items can then pass to the chicks (Loretto, 1995).

Bjorndal et al., (1994) studied the digestive tracts for the presence of debris of forty three juvenile green turtles (Chelonia mydas) carcasses stranded in Florida.  Fifty six percent had ingested marine debris. The most important conclusion drawn from the study is that even small quantities of debris can kill. It is the predictability of such an event occurring that is unclear. It can take only one transit of debris in the gut of an animal to render the animal incapable of feeding, resulting inevitably in death. Therefore, even in areas where low amounts of debris are recorded the threat to wildlife is still relevant.

Epibionts, encrusters, fouling and associated biota  

Freely drifting plastic artifacts and other synthetic materials provide habitats for many opportunistic colonizers, and may act as attachment surrogates for natural floating substances such as logs, pumice and some surface-dwelling, free-swimming larger marine animals. Studies of beach-cast plastic debris from shores of the western North Atlantic and the South West Pacific have revealed more than 100 epibiont and associated motile taxa (Winstone et al., 1997). The initial colonizers following biofilm development, are filimentous algae, hydroids, ascidians and other soft fleshy organisms. These do not long survive desiccation and disintegration once exposed to the elements in harsh beach environments. As a consequence the record is biased towards resistant, hard-shelled and crustose organisms, that typically includes barnacles, bryzoans, tube worms, mollusks, foraminifera  and coralline algae, as well as some more resistant sponges and hydrozoans. Of these the most common taxon is bryozoa with over 60 identified species represented. The extent of bryozoan cover and species diversity is latitudinally dependent. Species richness is greatest in low latitudes and decreases polewards in both hemispheres (Winston et al., 1997; Barnes and Sanderson, 2000).   

The biologic communities of pelagic plastics may find side by side associations of related species inhabit quite different environmental niches. A single item recovered from a northern New Zealand beach hosted barnacles typical of sheltered shores (Balanus modestus), more exposed coasts (Balanus trigonus) and drifting objects (Lepas anatifera) and another carried a motile crab fauna represented by common algal dwellers, rocky shore taxa and a pelagic species. There is also evidence that some other taxa may reproduce as they are bouyed along on their floating debris island (Winston, 1997). Larger floating objects or aggregations of debris may also attract resident schools of fish, which in turn bring birds and marine predators.

There is evidence that passively drifting islands of plastic and other debris may be a vector for local, regional and transoceanic dispersal of marine organisms and perhaps even some terrestrial ones (Ryan and Gregory, 1997). For example the common Indo- Pacific oyster Lopha cristagalli has been found on a southernmost New Zealand beach attached to a tangled mass of rope, while Florida debris carried a previously unrecorded bryozoa (Thalamoporella sp) similar to a Brazilian species (Winston et al., 1997). It has also been suggested that some terrestrial flora and fauna elements could be picked up during a stranding episode, to be later floated off and carried away by offshore winds. REF While pelagic plastics may have less potential than ballast waters for the introduction of aggressive, habitat-harming alien taxa, it is not a threat that should be ignored. Gregory (1991) suggested that alien species rafted on drifting plastic could pose threats to the biota of sensitive and /or protected near-shore environments and perhaps the delicately balanced terrestrial ecosystems of small oceanic islands. These are factors that need to be taken seriously  by those having stewardship responsibilities for conservation or heritage estate. An example is Codfish Island lying a short distance offshore from Stewart Island, Southern New Zealand. This is a managed refuge for a small population of a large flightless parrot, the kakapo (Strigops habroptilus) which is nearing extinction. The arrival of rats, mustellids or cats on the island through rafting from the mainland some 4 km away could be disastrous for the survival of this species (Gregory,1999b).            

Public perception

The appearance of clear water does not necessarily mean that the water is uncontaminated, but the presence of certain items on a beach may, however, imply poor micro-biological water quality. Likewise, a beach that is free from any trace of litter does not imply that the sanitary quality of the sand is good. Particular litter items attain a higher degree of emotional response within the general public than others. Sewage related debris (SRD), medical and hazardous items arouse greater levels of offense, or feelings of unpleasantness, than do more general items of litter such as beverage containers or confectionery wrappers (Williams et al., 2000). Herring and House (1990) established that sewage derived debris had a greater social impact than any other aesthetic pollution environmental parameter, but there are suggestions that the public debate on sewage in bathing water rarely makes any distinction between aesthetic impact and actual health risk (Jones et al., 1991). TheUK. House of Commons Committee stated that ‘while the risk of infection by serious disease is small, the visible presence of faecal and other offensive materials carried by the sewerage system can mean serious loss of amenity and is therefore an unacceptable form of pollution’ (HCEC, 1990, xvii). 

Methodologies

Surveys can be focused on beaches, seas or rivers where debris is used as an indicator of oceanic, riverine, estuarine or lake conditions (Williams et al., 1999). Many studies monitoring marine debris have concentrated on specific items or categories: Morris (1980), and Pruter (1987) concentrated on plastics; Day and Shaw (1987), and Debrot et al., (1995) focused on tar; Jones (1995) dealt with fishing debris. Other studies though have been less specific and these have assessed areas of land or water for amounts and composition of marine debris (Dixon and Cooke, 1977; Corbin and Singh, 1993; Dufault and Whitehead, 1994; Galgani et al., 1995). Beach surveys are often based on relatively small areas of study (Simmons and Williams, 1993; Frost and Cullen, 1997), with low numbers of surveyors involved in the collection of data. Larger scale studies often require many more people to collect data if they are to be completed at low cost within an acceptable time frame, and not all of these surveyors can be expected to have had previous experience of carrying out litter surveys. However, the use of members of the public or local interest groups in such studies has the added value of raising public awareness and indirect education (Williams et al., 1999). This can be witnessed in public participation schemes such as Beachwatch in the UK., the Campaign for Marine Conservation in the USA. and Pitch-In-Canada.

Surveys are used to determine the amount and type of debris in a specified area at a certain time and to determine how types and amounts of debris change with time (Ribic, 1990). Studies may be simple enumeration studies, assessing types and litter quantities, or they can be more detailed, indicating age and origin of items. For example, (Dixon and Dixon, 1981; Simmons and Williams, 1993), in Europe (Gabrielides et al., 1991; Golik and Gertner, 1992; Bowman et al., 1998), North America (Gilligan et al., 1992; Ribic, 1998), and extensively around the world (Gregory, 1977; Corbin and Singh, 1993; Galgani et al., 1995; Jones, 1995; Walker et al., 1997).

Beach studies face problems in that the amount of debris is influenced by beach dynamics, oceanic circulation patterns, weather, debris characteristics, cleaning operations, and offshore recreation and commercial practices (Faris and Hart, 1995). The many different methods employed in collecting data for beach debris surveys make result comparisons very difficult. There is as yet no single accepted methodology for assessing beach litter.  The aim of a study, along with other factors, often influences the technique chosen (Velander and Mocogni, 1999). 

Campaigns and initiatives to combat marine debris

There are a number of campaigns and public participation schemes that aim to raise awareness and reduce the marine debris problem. Education and public awareness are key elements in the reduction of marine debris. Public involvement in beach litter management takes two forms: Direct action such as beach clean-ups and monitoring; and indirect action, such as education, award schemes and legislation. The involvement of the public in beach monitoring and clean-up programs has a dual advantage in that it allows a large sample size to be achieved, and raises awareness among society which will then translate into effective individual action to reduce litter at source (Van Maele et al., 2000). Some of the campaigns world-wide are: The Center for Marine Conservation in the USA. which is the largest network organizing beach clean events (Van Maele et al., 2000); Coastwatch Europe involves many thousands of volunteers each year (Dubsky, 1995); Beachwatch in the UK., run by the Marine Conservation Society; and Pitch-In-Canada. There has been some concern that where volunteers are in involved in the collection of data that it can lead to spurious results. Trials by the Tidy Britain Group in the UK showed that volunteers frequently incorrectly identify litter items (Dixon, 1992). An opposing view has been presented in other research (Pond 1996; Williams et al., 1999), although it has been found that particular items are consistently mis-identified by the public e.g. cotton bud sticks (Q tips).

Beach Cleaning

Beach cleanups provide a way of collecting data on the types and quantities of marine debris. Beach cleans cannot permanently solve the problem of marine debris as they do not reduce quantities at source (Simmons and Williams, 1993). However, clean-ups are really only applicable locally, are expensive if undertaken by mechanical means and labor intensive. Conversely if volunteers are employed the costs are minimal. However, clean-ups per se do not resolve the problem if they do not address the issues of prevention at source and it is the links to sources that represents the future challenge (Earll et al., 2000; Williams et al., 2000).

There are, in essence, two methods of beach cleaning: Mechanical beach cleaning involves motorized equipment utilizing a sieve effect which scoops up sand and retains the litter, therefore it is not selective. Most sieve machines are coarse grained allowing items such as cigarette stubs and cotton bud sticks to pass (Williams et al., 2000). The use of mechanical beach cleaners may threaten the stability of some beaches, through the removal of organic matter which forms the ‘glue’ holding sand grains together (Pollard et al., 1999). The passage of such vehicles over the beach interferes with  beach ecology and it is a costly method (Davidson et al., 1991; Acland, 1994; Llewellyn and Shackley, 1996). This method though is limited in that it cannot be used on pebble beaches. Pressure to clean a beach is intense especially by authorities wishing to promote tourism. The advantages of such mechanical clean-ups are that it is fast and can provide an apparently pristine beach for visitors and can cover a large area. In areas with hazardous or sanitary waste it negates the need for picking up material so reducing potential health risks to individuals (Williams et al., 2000). The alternative to mechanical methods is manual beach cleaning. These are often carried out where the expense of a mechanical device is prohibitive, or the substrate is not receptive to such machines. Manual cleans organized as community events on small areas may ensure that the beach is cleaned of small items missed by mechanical cleans (Pollard, 1996). 
The Offshore: (pelagic marine debris) 

While significant quantities  of land-sourced debris and litter have been reported from harbor and inshore waters for some time, knowledge of amounts and distributions is limited. Heyerdahls’s (1971) observations from the raft Ra on its slow drift across the equatorial Atlantic provided an initial demonstration of the extent to which surface waters were becoming contaminated by pelagic marine debris. Whether it is for shore line or high seas surveys it is convenient to separate plastic litter into four size categories (Micro litter < 1mm; meso - 1-10mm, mostly pellets or nibs of virgin resin; macro- mostly de-gradational flakes and smaller items to 10cm; mega- larger items > 10cm.).   Systematic investigations to establish quantities and distribution of pelagic plastic litter have been sporadic and are based on either surface towed neuston (or pleuston) nets (e.g. Colton et al., 1974) or have used sighting surveys from vessels on passage (e.g. Matsura and Nasu,1997). The former have focused primarily on meso-litter, mostly plastic pellets or nibs, and the latter on macro and mega-litter items  identifiable with the naked eye from a vessel’s deck or bridge.  

There is little information available about the quantities and distribution patterns of plastic micro litter. The source lies in some propriety hand cleaners and cosmetic preparations, and air-blast cleaning media as well as from degradation and disintegration of larger debris items. There can be little doubt that micro-litter is now globally dispersed and there are suggestions that it could impact sea-surface micro-layer ecosystems and the meiofauna of inter-tidal and beach sediments (Gregory, 1996).

Plastic meso-litter, mainly in the form of nibs or pellets of virgin polystyrene and polyethylene, has a universal presence in oceanic surface waters. The greatest densities have been noted in coastal and shelf waters off major urban and manufacturing centers – some quoted maximum pellet densities include >100,000/sq. km off the eastern seaboard of North America (Colton, et al.,1974);  >40,000/sq. km in waters of Cook Strait, New Zealand (Gregory, 1990); 1,500/sq. km in the Sargasso sea (Wilber,1987) and 1,500 – 3,600/sq. km in the Cape Basin Region of the South Atlantic west of  South Africa.

Mega-litter quantities have been reported from all marine waters but the most extensive sighting surveys have taken place across the North Pacific (e.g. Matsumura and Nasu, 1997) and the Whale sanctuary of the Indian Ocean (Grace and Frizell, 2000). There are numerous other casual or anecdotal comments since Hyerdahl (1971) brought this problem to the fore. Distribution patterns for plastic litter in all size categories across the high seas are similar. The greatest densities, whether measured by weight or item count are to be consistently found in coastal and shelf waters adjacent to and down drift from major urban and manufacturing regions. On the open ocean, distant from land-based sources it tends to concentrate along oceanic fronts and in large eddy systems or gyres.

Concentrations of macro and mega litter are also present along many shipping routes particularly those of the North Atlantic and North Pacific. They are much less across the South Pacific where shipping traffic is sparser and industrial developments are fewer and distant.  

The Seafloor: (benthic marine debris)

The sea floor from inter-tidal and shallow sub-littoral to outer shelf, slope and abyssal depths has been identified as an important sink for marine debris (Williams et al., 1993; Goldberg, 1997). An early demonstration of this came with the recognition of plastic film accumulating on the floor of the Skaggerack by Holmstrom (1975). The problem is now appreciated to be a global one with many observations made by divers,  through video footage from ROV’s as well as sampling by bottom trawls. Data has been obtained from varying depths and at many widely separated places, including Antarctica (Lenihan et al., 1990), the Bay of Biscay and other European waters (Galgani et al., 2000),  the western (Galgani et al., 1995,1996) and eastern Mediterranean (Bingel et al., 1987; Galil et al., 1995; Stefatos et al., 2000); Alaska (Hess, et al., 1999); California (Moore et al., 2000): Indonesia (Uneputty and Evans,1997); Japan (Kanehiro, et al., 1995); South Africa and New Zealand (Gregory and Ryan, 1997). Many of the early reports are generalized and descriptive. Latterly there have been several studies with substantial quantitative data on amounts and types of debris although the methodologies adopted are not necessarily the same. REF) 

The quantities of sunken litter being reported are high. Litter densities on the sea floor of central Tokyo Bay, Japan,  ranged from c25,000 to c60,000 items/sq. km (Kanehiro et al., 1995). Of this plastics comprised 80-85% with fishing related items between 2.7 and 9.0%. Quantities had not significantly changed over a four year period (1989-93) and land based sources were considered to be of most importance.  In water depths of less than10m at French Frigate Shoal, in the Hawaiian chain, Bowland (1997) estimated that netting fragments were 94 items/sq. km. Stefatos et al., (1999), recognized that marine debris concentrations on floors of the enclosed Patras and Echinadhes Gulfs, western Greece, reached 240 and 89 items/sq. km respectively. They noted that these differences could be related to land-based sources for the former and shipping traffic in the latter.  From studies of inshore waters around Kodiak Island, Alaska, Hess et al., (1999) showed that fisheries-related and other plastic debris quantities were greatest in inlets (20-25 items/sq. km) and least in open waters outside inlets (4.5-11 items/sq. km). These differences were considered to reflect variations in fishing effort and water circulation patterns. Moore and Allen’s (2000) shelf survey of the Southern California Bight, ranked quantities of anthropogenic and natural debris into four broad categories (trace, low, moderate, high) on the basis of number and weight of items determined from standardized trawl times along isobaths between depths of 20 and 200 m. Bathymetrically, the proportion of area with anthropogenic debris increased with increasing distance along a broad offshore front, from inner to outer shelf. This suggested a source that lies in disposal practices from boating activities. The most comprehensive and thorough reports are those coming from European and western Mediterranean waters (see Galgani et al., 2000 and earlier papers quoted above). Densities found were highly variable between and within separate sampling areas. Near metropolitan areas they could exceed 100,000 items/sq. km but elsewhere maximum values were lower (50,000 items/sq. km in the Bay of Biscay; 600 items/sq. km in the North Sea 200 km west of Denmark). It was also noted that concentrations of debris (to densities >50,000 items/sq. km) were encountered at depths of >2000metres on  floors of canyons along the Mediterranean coast of France. Variations in distribution patterns were attributed to geomorphologic factors, local anthropogenic activities and land-based river inputs.

Mechanisms by which the mostly neutrally buoyant plastics in marine debris reaches the deep-sea floor are poorly understood. Oshima (2000) for instance recorded a fleet of flimsy, white, supermarket shopping bags upended and suspended at depths of 2000 m. and drifting like an assembly of ghosts. Significant quantities of land-sourced materials on submarine canyon floors to considerable distances offshore, suggest rapid transport through near-shore zones and entrainment in bottom hugging currents. It has been argued (Ye and Andrady, 1991;  Stevens,1992) that density increases following rapid and heavy fouling may be sufficient to permanently sink them. On the other hand, grazers may clean covered surfaces leading to ‘yoyo-like’ episodes of submergence and resurfacing until permanent settlement to the sea floor is effected. As well as biofilm development, plastic sheeting may also attract non-living detritus, which with photo-degradation and progressive embrittlement leads to density increases taking it to the sea floor (Powlik1995) without the need for invoking down-welling and/or entrainment.

The epibionts of benthic plastic debris are not as well known as those of pelagic items. Accounts are limited (e.g. Holmstrom, 1975; Harms,1990; Powlik, 1995) but indicate  a hard ground biota characterized by bryozoans, sponges and foraminifera, with barnacles, mollusks and polychaetes is typical. At shallow, photic zone depths, there is development of crustose (coralline) red algae as well as soft brown and green algae. Bryozoa are generally the dominant epibiont of both pelagic and benthic plastics.

Plastic sheeting together with larger, more solid items and discarded fishing gear is an undesirable addition to the deep-sea floor and potentially damaging to the environment

(Williams et el., 1993; Goldberg,1997). The blanketing effects of sheeting may damage biotas of both soft sediment and rocky hard ground substrates at all depths from inter-tidal to the abyss. They may lead to anoxia and hypoxia induced by inhibition of gas exchange between pore water and sea water (Goldberg, 1997). Ironic as it may seem, could benthic plastic debris standing proud of the sea floor enhance or enrich local biotic diversity in the short term, for in the long term it is doomed to permanent internment in a slowly accumulating sediment cover? 

Degradation

Breakdown of plastics mainly takes place through photo-degradation which leads to surficial cracking followed by embrittlement and ultimately complete disintegration into powder. Bio-degradation is seldom important with most plastics that enter the marine realm. Physical abrasion is also a mechanism for the breakdown of plastics along shorelines – particularly high energy cliffed and rocky shores. Degradation performance is generally measured through changes in tensile strength and viscosity although UV and laser spectroscopy are other approaches.  Several studies have shown that the rates of weathering of polyethylene and other plastics are substantially reduced when floating in sea water compared to those when exposed outdoors to normal atmospheric conditions e.g. Andrady (1990). Enhanced photo-degradable polyethylene also degrades more slowly under marine conditions (Andrady et al., 1993). Alternatively, expanded polystyrene foam is known to deteriorate more rapidly in sea-water than on atmospheric exposure (Andrady and Pegram, 1991).  Material that has been buried for some time in beach/riverine sediments retains much of its tensile strength - circa 80% (Williams and Simmons, 1996) and may be exhumed during episodes of erosion (Gregory,1999).  Plastics sinking to the deep sea floor will not be subject to photo-degradation and if resistant to bio-degradational processes will be preserved there until burial is completed.        
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