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INTRODUCTION
The world’s marine ecosystems are experiencing a devastating decline in health – 70% of coral reefs are either lost or threatened (Wilkinson 2004), only 10% of big predatory fish populations like tuna and sharks remain (Myers 2003), and accelerating biodiversity loss is threatening the oceans capacity to provide vital ecosystem services such as seafood production and maintaining water quality (Worm 2006, CSIRO 2009a). 

Tasmania has an incredibly unique and diverse range of marine ecosystems and wildlife, from our giant kelp forests on the east coast to the tannin-stained sponge gardens in the south-west wilderness area. Yet we too are facing these increasing pressures, which are combining and compounding to undermine the health of our marine environment and threaten the quality of the ecosystem services it provides.

CLIMATE CHANGE

Human induced climate change has profound implications for marine ecosystems, our societies and economies that depend on them (Harley 2006). Some scientists suggest that climate change should be known as ocean change due to the enormity and impact of the changes that will occur (Mitchell 2008). 

Temperature rise

Global surface temperatures have already risen by 0.6-0.9˚ in the last century with temperature rise predictions for 21st century now reaching up to 6.4˚ (IPCC 2007). In Tasmania, we have already experienced a 1.5˚ C increase in sea surface temperature since 1940, a factor 2-3 times larger than the global average (Andrew 1999, Crawford 2000). This is because the East Australian Current has become more dominant as a result of global climate change, which further increases the penetration of warm water southwards.

The increase in temperature does not merely mean that some animals will get hotter or move to a cooler area – many species in Tasmania live in their southern most extents, and there are simply no appropriate habitats for them to move to south of the island. This will cause major changes in ecosystem composition, with some species becoming extinct while other species invade (Andrew 1999, Edgar 2005). 
Happening now: 
· The Giant Kelp forests of the east coast have declined by an average of 65% in the last 50 years, with the influx of the warmer, nutrient deficient East Australian Current waters believed to be the dominating reason, combined with invading urchins (travelling on the same warm water current), pollution and fishing pressure (Andrew 1999). 
· Atlantic salmon farming is a significant part of the fishing industry in Tasmania, however the species lives at the highest limit of it’s natural temperature range. A further increase in sea surface temperature may make it unviable to continue salmon farming in Tasmania (CSIRO 2009b). 

Climate change is also likely to have important consequences for spawning patterns, such as changes in capacity or timing of breeding, resulting in lost natural advantage of specific environmental conditions, and resulting in decreased populations (Mitchell 2008). Changes to the productivity cycles of the oceans will also be significant, putting incredible pressure on already important creatures like phytoplankton. 

Case study of the enormity of climate change impacts 

Phytoplankton are microscopic plants that form the building blocks of the base of the food chain. They play a fundamental role as direct feed for many small fish and shell fish, and feed for krill that is eaten by whales, squid and fish that feed large predatory fish, such as tuna and sharks. They also produce half the oxygen on the planet, store large amounts of carbon, and control and influence nutrient cycles. Significant effects on the reproduction, metabolism, photosynthesis, or respiration of phytoplankton will have enormous flow-on effects in the ocean (CSIRO 2009c). 

Temperature changes may also influence ocean upwellings, which are fundamental drivers for ecosystem productivity. In some areas, upwelling of nutrient rich waters may be increased thereby improving productivity, however intensified thermal stratification (layers of different temperature water) may prevent some cool, nutrient-rich waters from upwelling in otherwise nutrient-poor regions, having significant negative impacts on ecosystem productivity and health (Harley 2005). The changes to currents, such as the East Australian Current that has come to dominate Tasmania’s east coast marine environment, are similarly unknown and confusing, yet undoubtedly profound. 

Sea level rise 
As water in the oceans warms, it expands. Combined with the melting of ice, this is leading to global sea level rise. Over the last century around 70% of the world’s sandy shorelines have also been in retreat, with further erosion expected as a result of rising sea levels and increased intensity and frequency of storm events (CSIRO 2009).
Ocean acidification

The oceans have had a pH of 8.2 for millions of years, which is tied to the concentration of carbon dioxide in the atmosphere. When carbon dioxide dissolves in the ocean water, the level of hydrogen ions go up, carbonate ions go down, and the pH goes down (Mitchell 2008). The increased concentration of carbon dioxide in the atmosphere is causing global warming and acidifying our oceans at a rate 100 times faster than any other time in the last 650,000 years (Fabry 2008). Around one-third of human fuelled carbon dioxide emissions have been taken up by the oceans in the last 200 years, ensuring that our atmospheric concentrations remained substantially lower (55%), and will thus continue to decrease the impact of global warming on land. However, acidifying the oceans will have significantly deleterious impacts on some marine life, and consequently crucial ecosystem processes will be substantially altered (Fabry 2008). 

Sea surface pH has already gone down from 8.2 by 0.1 unit, and under 2001 IPCC scenarios (less extreme than now understood), it is predicted to decline by 0.3-0.4 units from pre-industrial values by end of the 21st century (Fabry 2008). 

The increasingly acidic ocean water will make it harder for calcifying creatures like coral, shelled plankton, molluscs and crustaceans to create their shells and skeletons, and will begin to dissolve some shells. Additionally — for all marine life — growth rates, average size and fertilisation success may all be decreased and mortality rates increased by ocean acidification. The change in chemistry may directly result in some species restricting their distributions both latitudinally and vertically in the water column, or change the nutrients that are available, impacting on primary production and radically impacting on whole food webs (Fabry 2008, Mitchell 2008). 

The tipping point gets closer to home

Recent studies in the Southern Ocean have identified that natural seasonal variations in the oceans chemistry, when combined with the increasing level of atmospheric carbon dioxide, may make it unliveable for shelled species at atmospheric CO2 levels of just 450ppm, and having potentially deleterious flow-on effects on the entire Southern Ocean marine ecosystem, by as soon as 2030 (McNeil 2008). 

Although ocean acidification is now considered one of the largest and potentially most devastating results of climate change and is subsequently being researched at increasing rates of urgency, it was not even identified as a potential problem until 1998 (Mitchell 2008). 

MARINE PESTS
Hitch hikers are dangerous!
Known as introduced, invading, exotic or non-natives, pests can have just as big an impact on the marine environment as they do on the land. In Australian waters we now have over 250 species on marine pests. To get here they hitch-hike — via recreational fishing, sailing and cruise boats; cargo, container and livestock vessels; petroleum rigs and related support vessels; barges, dredges, and defence vessels; escapes from aquaculture; and marine aquarium importers, breeders, traders, retail outlets, and hobbyists (Australian Government, 2009). They can also invade an area by traveling on currents that provide escalators of warmer or cooler waters into new environments. A new marine or estuarine species establishes itself every 32-85 weeks in each of six ports studied in NZ, USA and Australia (Bax 2003).

Marine pests threaten biodiversity, marine industries such as fisheries, aquaculture and tourism, and human health. They smother native species for food and habitat, eat or push out native species, poison and spread disease, significantly changing the natural balance of ecosystems to suit themselves. Often, marine pests establish in areas that are already under stress, such as in harbours that have unnatural structures, pollution, or changed tidal and flushing variables (Australian Government 2009, Bax 2003, Edgar 2005, Bax 2002). In Tasmania, some key invading species include European Rice Grass (Spartina anglica), Japanese kelp (Undaria pinnatifida), North Pacific Seastar (Asterias amurensis), New Zealand Screwshell (Maoricolpus roseus) and Pacific Oyster (Crassostrea gigas). These invasions appear to be incredibly extensive in some places, with research finding that off south-eastern Tasmania in the 1900s less than 2% of shells were introduced species, compared to over 50% in the 1990s (Edgar 2005). 
Happening now:

The New Zealand screwshell was introduced to Tasmania in the 1920s and has spread across the continental shelf at densities of 1000 per square metre, all the way up to Sydney. It changes the seabed habitat smothering soft sand, providing attachment points for other species and changing the food web (Bax 2003). 

Japanese kelp is native to Japan, Korea and parts of China, and was first noticed in Tasmania in the 1980s, probably transported by ballast water of bulk woodchip carriers coming in and out of Triabunna on the east coast. Since then, it has spread north to Coles Bay and south to D’Entrecasteaux Channel. It is now the most abundant seaweed on many reefs in south-eastern Tasmania (Andrew 1999).

Microscopic marine pests can lead to human health impacts, as they are first ingested by shellfish, and then eaten by humans. This poisons both the shellfish beds, which affects fisheries production, as well as causing human health problems. The decrease in economic production from marine activities such as aquaculture, tourism and fisheries is significant, and can lead to social impacts such as decreases in employment, and lost opportunity cost as financial, technical and human resources are dedicated to managing the impacts. Marine pests can impact on fishing vessel performance and industry infrastructure by infesting areas in such large numbers that they can block water coolers, and slow down vessels (Australian Government 2009, Bax 2003).

Despite the large ecological and economic impacts that marine pests pose globally, there has been a lack of a strategic, coordinated international approach to managing the problem. Increasingly strategies are being developed between countries and regions, however it is on a global level that action is needed, considering the increasing size of shipping and seaborne trade (Bax 2003). 

COMMERCIAL FISHING
Marine fish and shellfish provide 6% of the world’s protein intake and 16% of animal protein intake (Weber 1994). In many parts of the world, including the Pacific and much of South East Asia, seafood makes up more than 30% of human protein diets, and fisheries contribute $80 billion to global economies (UNEP 2008). However, whilst fisheries are obviously crucially important to our food security and economy, we have exploited them to their limits and beyond for many decades. 

Global collapse – the demise of infinity 

Historically people have thought that the oceans are limitless — that they could provide an infinite supply of seafood that we couldn’t possibly ever diminish. This dominant view has guided perceptions and policies of marine management and protection for decades, however with the increase in size and technological capacity of our global fishing fleet, this is far from the reality (Pauly 2005). 

Currently over three quarters of the world’s fish stocks are fully exploited, over-exploited or depleted (FAO 2006). Whilst around 50% of fish stocks have been fully exploited since 1974, over-exploited and depleted fish stocks have risen from under 10% to almost 30% in the same period (FAO 2009). The global fishing industry is estimated to be wasting $50 billion a year overfishing its natural capital (fish) by increasing catch effort, despite declining catches (World Bank 2009). 

It is estimated that just 10% of the world’s big predatory fish like tuna and sharks are left, and that all currently fished species will have collapsed by 2048 if fishing continues as is (Myers 2003, Worm 2006). The impacts of this intensity of fishing are enormous, threatening global food security, coastal water quality, ecosystem stability, and capacity to provide other essential ecosystem services (Worm 2006). 

Happening now:
Removal and destruction of seafloor habitat and associated marine life
For example, trawling can remove over 90% of life on the seafloor, reducing large hundred-year-old corals to rubble. This is of particular concern for deep-sea habitats such as the small seamounts south of Tasmania. These are highly unique and diverse, with 262 species of invertebrates compared with 598 species reported from seamounts worldwide, and have slow growing, long-lived, easily depleted and difficult to restore, species (Koslow 2001); 

Community structure changes and population declines
When fish and habitat are removed, some other species may increase in abundance due to decreased competition and changes in habitat. Whilst the populations of targeted fish generally always decline, including a substantial decline in larger sized fish compared to a relative increase in smaller sized fish (Bianchi 2000). Around 90% of the world’s large predatory fish are gone, with some sensitive species such as sharks which are slow-growing and late to reproduce, close to extinction (Myers 2005). 
Commercial extinction of species and fishing down the food chain 
Historically humans have fished a particular population heavily until it was no longer commercially viable, and then moved onto new species. Because the most valuable species are generally the larger fish such as tuna, shark and salmon, these populations have generally been overfished first, and smaller pelagic fish are now being targeted, with seven of the world’s ten biggest fisheries focussed on small prey species. Known as “fishing down the food chain” this is now creating two serious impacts — starving larger animals and fish of their prey, making their recovery even more difficult, and changing the ecosystem balance by giving lower level competitors an advantage (Pauly 2005, SeaWeb 2006, 2008, Oceana 2009).
Removes natural refuges for species to breed, recover or just exist
With the incredible technology and number of boats available to the global fishing fleet, there is nowhere that fishers can’t access. This means that there are no natural refuges left for fish or marine mammals to breed and replenish, and there is no insurance policy against population collapse (Pauly 2005);

Undermines food security in ‘developing’ nations

Due to many ‘developing’ nations needing to make money, they often either sell fishing rights for their Exclusive Economic Zones (EEZ) or sell the high value fish to ‘developed’ countries. This exacerbates the problem of fishing down the food chain and reduces food security for low-income communities, as their food source is sold offshore to wealthier nations (Pauly 2005). 
Starving people to feed animals

Many small pelagic fish like sardines are ground up into fishmeal or fish oil to feed to animals like pigs and, increasingly, other fish. In a bid to “ease pressure on wild fish stocks” there has been a huge shift to aquaculture in recent years — from less than one million tonnes in the early 1950’s to 51.7 million tonnes in 2006, with an annual growth of nearly 7% (FAO 2009). However this huge increase in fish farming will not help to alleviate pressure on wild fish stocks, unless farmed species do not require fishmeal or fish oil for production, because an average one kilogram of farmed fish needs three kilogram of wild-caught fish feed (Pauly 2005, SeaWeb 2001).

Death of millions of unwanted fish, birds and mammals as by-catch

Due to fisheries management traditionally being geared to target species and using techniques such as trawling and gill-netting, many millions of non-target species were killed for years without notice. The FAO estimated that global by-catch was 20 million tonnes in 2002 - about 20% of the total fish catch discarded dead or dying. This can push by-catch species including certain bird, fish, reptiles and mammals toward extinction. The discards of these injured or dead animals to the ocean also feeds scavengers and can increase their populations, further pushing the ecosystem out of balance (Cook 2002). 

Decline in biodiversity loss that reduces provision of ecosystem services for the community

Critical coastal ecosystems services include nursery habitats, such as oyster reefs, seagrass beds and wetlands, and filtering and detoxification services provided by suspension feeders, submerged vegetation and wetlands. For both coastal and deepwater marine environments the number of viable fisheries decline (Worm 2006). 
Decreased resilience to withstand pressures 

Low levels of biodiversity, hungry predatory fish, and unbalanced prey and predator populations, can contribute to a lack of resilience to other pressures (Oceana 2009).
Farming fish is not the easy answer

Not only do many farmed fish such as salmon require wild-caught fish for feed, escaped fish can breed with wild relatives impacting on the genetics of the wild populations. Fish farms can cause intensive localised pollution through excrement and unconsumed food introducing antibiotics, nutrients, and anti-fouling chemicals to the environment. These can degrade natural habitat beneath and near the farms, as well as increasing populations of scavenging fauna and decreasing biodiversity (Hall-Spencer 2006, Pergent-Martini 2006, SeaWeb 2001, Weber 2003). Because many thousands of fish survive in relatively small areas, disease is prevalent and can be transferred to wild populations if fish escape. There are also concerns about the impact of antibiotics on the environment and on human health after eating fish with antibiotic resistant bacteria (SeaWeb 2001, Weber 2003).

How are we faring in Tasmania and around Australia?
Australian fisheries production has increased in quantity by 8% but fallen in value by 26% since 1999. Of the 240,000 tonnes of fish caught in Australia valued at $2.18billion in 2006-07, Tasmania contributes 22% of this. Sardines are now the largest fishery by quantity, with the majority used as feed for Bluefin tuna in South Australia, hence they contribute very little to the overall value of fisheries. Farmed salmon has also risen dramatically in Australia in the last ten years however, considered a higher-value eating fish, this is now the second top fishery in Australia by value. Rock lobster, abalone, prawns and tuna are the other four highest valued fisheries in Australia (ABARE & FRDC 2008). 

Employment in the fishing industry in Australia has dropped a huge 50% to 9,700 in 2006-07 since 2000, and is the lowest it has been in 20 years of records. Two-thirds of these are employed in wholesaling and seafood processing (ABARE & FRDC 2008). In Tasmania, fishing related industries provide employment for 2,042 people (ABS 2007).

The impacts of fishing in Australia and Tasmania are much the same as for the global marine environment, but closer to home. The traditional approach of managing individual populations of fish has resulted in declining populations of target species, as well as impacts on non-target species and ecosystems, with limited potential for returning to the peak production levels of the 1980s. The Commonwealth Government has recently implemented a Fisheries Harvest Strategy and is encouraging fisheries to move towards ecosystem-based management, which looks at effects on other plant and animal species and includes other stresses, in an attempt to stop overfishing, recover overfished populations, predict and minimise broadscale impacts and make our fisheries more sustainable and profitable in the long-term (FRDC 2003, DAFF 2007a). 

The Fisheries Research Development Corporation suggests that if fishing in Australia continues as usual  (based on the trends of 1950-2000) our output of fisheries would fall to 130,000 tonnes a year, and would represent a ‘profound failure in public policy and industry self-management’. Alternatively, if we adopted a much more cautious approach in the immediate short term to improve fish populations, the long-term production would be over 180,000 tonnes and growing (FRDC 2003). The Fisheries Harvest Strategy of 2007 is considered a major step forward in improving this poor history, but to date few fisheries in Australia have successfully developed an ecosystem based management approach, and there is still a severe lack of information to ensure a secure future for many species. 

The state of our fisheries

In 2001, 59% of the 220 fisheries operating in Australian Commonwealth waters were considered over-fished or critical (FRDC 2003). This over-fishing has translated to a zero or negative economic return for many fisheries, with government recently taking a number of steps to improve the situation (ABARE 2007). A more recent assessment of 96 fisheries shows 16 are overfished, 52 are uncertain, and 28 are not overfished (DAFF 2007b). One impact of these fishing activities is the national listing under the Environment Protection & Biodiversity Conservation Act (1999) of various marine species — five fishes, eight birds, three reptiles and two mammals are listed as critically endangered or endangered, with a further eight fishes, two reptiles, 21 birds, and six mammals listed as vulnerable and three commercially-exploited fishes as conservation dependent (Butler, submitted). The reality could be even worse, however identification and listing of marine species is harder than for terrestrial species due to a lack of broad-scale community and scientific monitoring, and reliable baseline data. 
Tasmania has seven main fisheries, with abalone, rock lobster and salmon farming the most economically important. The fisheries are all managed independently of each other and are considered ‘low impact’ fisheries. However, each has been typified by over-exploitation in the early years, followed by attempts to recover specific populations, with many populations and associated ecosystems still facing problems.

The abalone fishery is managed in zones — all four zones are considered somewhat depleted and sustainability levels are variable, with some zones considered completely unsustainable. The abalone sector was heavily fished in the 1990s, resulting in seriously reduced populations, which in turn led to huge quota reductions in the fishery. Although populations seem to have recovered in some areas, the fishery seems far from stable (Tarbath 2008). 

The rock lobster fishery is one of Tasmania’s most valuable. It is managed by quotas only and populations are currently in decline. This fishery was heavily exploited in the 1980s with populations hitting a historic low in 1994. Quotas were introduced in 1998 in an attempt to re-build populations, which has had some success.  However recreational fishing has also substantially increased with 20,000 rock lobster licence holders (from 8,500 in 1995), and populations are now in decline again. Due to regional differences in catch it has been recommended that the fishery be managed spatially (region-dependant) as well as by quota, in order to avoid further population declines (Haddon 2009). 
Large rock lobsters are a key predator of the long-spined urchin Centrostephanus rodgersii that has been invading the east coast of Tasmania, wiping out kelp forests, which are a critical habitat of the rock lobster and other fish. Where populations of large rock lobsters have persisted, such as at Maria Island Marine Reserve, the urchin populations have been restricted, enabling the ecosystem to support a healthy diversity of life. However, due to fishing pressure, much of the east coast has had these large rock lobsters completely removed from the ecosystem and efforts from the rock lobster industry and fisheries research are now underway to re-stock other areas. These interactions are a perfect example of how relatively targeted fishing can impact on entire ecosystems by changing the community structure. 

Farming of atlantic salmon has grown exponentially in Tasmania in recent years in line with international trends. Unlike other Tasmanian fishery industries, aquaculture doesn’t have an annual reporting cycle, and is regulated by different legislation. Potential impacts from aquaculture in Tasmania are similar to those identified globally, however monitoring and reporting on these impacts in Tasmania is superficial, non-transparent, and for a number of issues, voluntary or non-existent. Only video surveillance of benthic environments (beneath the fish cages) is required, the reporting of these findings are not publicised due to commercial in-confidence, and there is no formal reporting requirement or maximum pollution levels or triggers for anti-foulants, antibiotics or other ecosystem impacts (Woods, pers comm 2009). The industry has begun a voluntary assessment of the D’Entrecasteaux Channel system in the south-east of the state in conjunction with government departments, which is intended to be formalised in the future.

The giant crab fishery is now very small, with the last year’s catch rates much lower than the allowable quota. Catch rates peaked in the early 1990s at around 290 tonnes, and fell rapidly due to over-exploitation and then associated quota limitations, to around 60 tonnes, where they have remained for the past five years (Ziegler 2009a). 

The scalefish fishery of Tasmania manages a range of fish and fishing methods that are not as highly valued as rock lobster for example, but includes many fishing favourites. In general five of the nine species in this fishery are considered medium or high risk if sufficient management action is not taken immediately, with other species assumed to be low risk despite a lack of information and precedence showing poor sustainability. 
Specifically, 
· Banded morwong populations are generally on the decline and catch rates are not considered sustainable, particularly for the east coast; 
· Southern calamari populations are considered sustainable but uncertain due to fishing closures during spawning times, however these are at risk if fishing effort increases just prior to spawning; 
· Striped and Bastard trumpeter populations are suffering a long-term decline due to pressure from both commercial and recreational sectors, and despite a lack of scientific information recommendations for tighter management have been made; 
· Sea garfish populations appear to have substantially declined although again information is scarce; 
· Wrasse populations appear to be declining and vulnerable to localised depletion, although again information is scarce; 
· Blue warehou are seriously depleted and overfished; 
· Australian salmon populations are assumed to be acceptable despite a lack of information on this species; 
· Flathead populations are also unknown but assumed to be acceptable with recommendations for spatial management in future (Ziegler 2009b). 

The shellfish and scallop populations have both suffered serious decline in the past from intensive fisheries that were not managed sustainably in the initial period. Populations appear to be permanently and seriously degraded at a general level, and subsequently commercial fishing activities and opportunities are restricted (DPIW 2007, Tracey 2008).

RECREATIONAL FISHING
Recreational fishing is considered a part of our culture, with one third of all Tasmanians going fishing at least once a year. Because recreational fishing is done on an individual basis and often for personal reasons including food, relaxation, family, and enjoyment of the outdoors, recreational fishing is often perceived as having minimal to no impact on the environment or fish populations (Henry 2003, McPhee 2002). Unfortunately, even in small, beautiful, Tasmania, this is not the case. 

Recreational fishing is having an increasing impact on a number of fish and invertebrate species due to the huge number of fishers and their increased effectiveness in catching fish. This is due to improved technology such as better tackle and fish finding devices as well as a proliferation of information in the media on where and how to fish (Henry 2003). The aging population has contributed to ensuring there are more people with more time on their hands, and ownership and access to fishing boats also intensifies the pressure on fish populations. 

In 2000-01 it was estimated that recreational fishers took 2.6 million finfish, 45 000 squid and octopus, 108,000 abalone in Tasmania (the equivalent of over 845 tonnes of finfish), and almost 152 tonnes of squid, lobster and abalone. Due to a lack of detailed information it is difficult to say if this recreational catch outweighs the commercial catch in any areas of Tasmania as it does in parts of the mainland, however the size of the catch is certainly significant (Henry 2003). 

Impacts from recreational fishing include:

· Reduce populations 
· Some favourite recreational species in Australia are fished so heavily that the recreational catch exceeds the commercial catch and threatens local fish populations (WA Government 2008). In places where the commercial and recreational catch are both high, the combined impact can contribute to declining populations. For example, recreational fishing of rock lobster in Tasmania is equivalent to over 25% of the commercial catch in some regions (Haddon 2009).
· Discarded fish 

· Approximately 30-50% of all fish caught are discarded during recreational fishing because they are an undesirable species or are under-size. Survival rates for these discarded fish can range from 5% to 100%, with assessments of Australian figures suggesting potentially significant total numbers of mortalities (McPhee 2002).

· Catching of juvenile fish undermines breeding capacity 

· Because much fishing occurs in inshore and estuarine areas, which are important nurseries for many fish species, recreational fishers tend to catch and keep large numbers of juveniles, despite being under the legal size limit. This problems has persisted for many decades and is prevalent not just in Australia, with potential impacts on the capacity to breed future populations (McPhee 2002).

· Impacts on other species and community structure (trophic effects)
The removal of key species such as predators can result in increased populations of other species that are normally their prey, which can in turn influence other species presence or abundance (McPhee 2002). For example, large rock lobsters feed on the invading long-spined urchin Centrostephanus rodgersii, and research has shown that where those large lobsters still exist (such as at Maria Island Marine Protected Area), the urchin numbers are kept at low levels, retaining kelp and algae coverage, which provide food and habitat for a range of species (Barrett 2002). 
· Bait collecting impacts other species too 
· The collection of a range of invertebrates can significantly depress local populations such as crabs and shrimps, and can also flow on to affect migratory shorebirds due to decreased feed availability (McPhee 2002).

· Impacts on marine mammals and bird
·  Recreational fishers may unwittingly cause the injury or death of marine turtles, mammals and seabirds through ingestion of baited hooks and line, entanglement in pots, nets or lines, and being struck by boats (McPhee 2002, DPIWE 2004). For example, there are many reports of little penguins being caught in recreational gillnets in Tasmania. 

POLLUTION AND COASTAL DEVELOPMENT 
Pollution can come from the land in the form of foreshore and coastal development, land reclamation, catchment runoff, sewage effluent, fish farms, and heavy metal and chemical discharge from industry. Marine pollution, from various sources including fishing and shipping vessels, and oil and gas exploration, is also prevalent (Edgar 2005). 

The main sources of pollution are:

· Agriculture: contributing large quantities of nutrients and sediments and water-borne diseases;
· Logging: causes large scale sediment transport into marine ecosystems, and in the case of plantations, also carries pesticides and fertilisers;
· Urban run-off: including everything from oil and gas, cigarette butts, plastics, and fertilisers from residents, to deposition of metals and organic chemicals from industrial and commercial facilities;
· Coastal development: dredging, draining and marina construction causes large scale habitat loss and alteration, and degrades water quality ;
· Industrial discharge: includes heavy metal contamination, other chemicals such as PCBs and dioxins, and thermal pollution;
· Septic tanks and sewage outfalls: contributing nutrients and disease-causing microorganisms to coastal areas;
· Atmospheric deposition: a huge amount of nitrogen is deposited on land and water each year as a result of fossil fuel burning power stations and transport. (SeaWeb 2000, Australian Government 2001)

An example of this occurring is in the Derwent Estuary where heavy metal concentrations remain amongst the highest in the country due to a long history of industrial discharge. Levels of mercury, lead, zinc and cadmium still exceed national guidelines, consuming shellfish is not recommended, and caution against consuming fish in general is still given, despite significant decreases in discharge in recent years (Australian Government 2001, Green 2003).
Marine and estuarine pollution can result in: 

· Reduced oxygen levels in the water (eutrophication) which leads to the loss of native biodiversity, including fish and invertebrates that live on the seabed; 

· Human illness through contamination of beach water and seafood, which can be persistent and magnify up the food chain with chemicals such as organochlorine pesticides; 

· Changed water temperature which changes community structure, with highly tolerant opportunistic species becoming abundant, and others disappearing, as well as impacting on fish who are prevented from migrating to spawning sites; 

· Reduced productivity in the form of slower growing shellfish as a result of severe habitat changes; 

· Reduced breeding success and in some cases local extinction of species, due to barriers to migration;

· Harmful algal blooms, and other proliferations of algae; 

· Contaminated food webs with toxic metals, leading to fish kills and causing illness in humans; and 

· Degradation or destruction of coral reefs, seagrass beds, mangroves and kelp forests through siltation and increased turbidity, which reduces habitat and nursery areas for fish

· Harm and death to marine mammals, fish and seabirds through eating and entanglement with plastic and debris. (SeaWeb 2000, Australian Government 2001) 

The impacts on estuarine environments in Tasmania are illustrated when observing that all isolated estuaries with less than one person per square kilometre in Tasmania were sandy bottom dominated, whereas all estuaries with populated catchments of less than ten people per square kilometre had muddy sediments, with completely different species living in the environments (Edgar 2005). 

Plastic fantastic and ghost fishing 

We have been dumping rubbish in the oceans for decades. It’s hard to know how much rubbish there is scattered around the global oceans, but we do know there is one enormous garbage patch in the northern Pacific Ocean that covers an area bigger than the USA. Estimated to contain 100 million tonnes of plastic, the debris is being held there by circulating ocean currents (Northern Pacific Subtropical Gyre) — about 2.5% of all plastic items made since 1950 (Algalita 2009). 

Debris in the marine environment poses a threat to people, kills marine life, degrades habitats and ecosystems and reduces navigation safety. Between 60-80% of debris is plastic-based, with some plastics lasting centuries. Around 20% of debris is fishing-related, and now that nets, lines and ropes are mostly made from synthetic fibres, they persist in the marine environment continuing to kill fish and other animals for many months. The USA alone estimate that $250million of marketable lobster is lost to ghost fishing each year (SeaWeb 2008). 

The Surfrider Foundation has coordinated an annual beach clean-up of remote South-West Tasmania, adjacent to the World Heritage Wilderness Area, with the help of local fishermen for ten years. The 2009 clean up, which was restricted due to extreme weather conditions, collected 1.4 tonnes of rubbish from eight beaches. Major sources of pollution were degraded pieces of plastic, bait box straps, ropes, cans and bottles (Surfrider Foundation 2009). 

Dead Zones – “junk food for plants”

Dead zones are areas of marine and estuarine environments that have very low levels of dissolved oxygen in the water, making it extremely difficult or in most cases, impossible for animals and plants to live. Through activities such as agriculture, soil erosion, and urban and industry run-off, excessive quantities of nitrogen enter the marine environment. This nitrogen is food for phytoplankton (microscopic algae) and in large quantities can cause algal blooms – “like junk food for plants”. As the algae dies, it is consumed by bacteria. This decomposition process uses a large amount of oxygen, resulting in water that has less dissolved oxygen content than is needed by other marine plants and animals to survive (hypoxia) (SeaWeb 2008). 

In 2008, dead zones had affected over 400 ecosystems totalling 245,000km2 in size, including three areas in Australia. The number of dead zones has been approximately doubling every ten years since the 1960s with impacts including large populations of plants, mammals and fish dying, and a reduction in numbers of species (Diaz 2008). 

As climate change continues to increase sea surface temperature, the amount of oceanic dissolved oxygen available could fall by 40%, leading to a twenty-fold increase in the area of dead zones around the world in the 2100’s (Shaffer 2009). 

OIL AND GAS DEVELOPMENT, SHIPPING AND NAVAL ACTIVITY

Oil and gas exploration can result in a range of impacts on marine life and ecosystems, throughout the process and lifetime of a development. This includes risks during shipping of materials and acoustic impacts during the exploratory phase, similar to naval activity. 
Turn it down!

Seismic surveys are used to find oil and gas reservoirs under the seafloor, and involve firing explosive blasts of air to create sound waves. These reflect off the seafloor and provide a picture of underwater geological formations. The explosions are up to 250db at the source and up to 117db 20 miles away and can last for up to two to three weeks. Military operations also use sonar, and at both low and mid frequencies, can be 240db at source. Because marine mammals such as whales, dolphins and seals use sound as their primary sense to locate prey, avoid predators, choose migratory routes and communicate over long distances, seismic surveys can have a large impacts on mammals by interrupting these critical activities (Alaska Marine Conservation Council 2009). Intense sound from these human activities in the marine environment has been found to cause death or serious injury caused by haemorrhages or tissue trauma, strandings, temporary or permanent hearing loss, displacement from preferred habitat and disruption of feeding, breeding, nursing, communicating, and other behaviours vital to survival (Ocean Mammal Institute 2005). 

Fish can also be heavily impacted by seismic testing, resulting in the deaths of adults and larvae close to tests, and damaging orientation systems, swim bladders and ears, which can lead to reduced fitness or ability to find food, and ultimately early death. Impacts on fish have also had direct negative impacts on trawl and longline fisheries in the northern hemisphere where catch has been reduced by up to 79% for five days (Alaska Marine Conservation Council 2009). 

Disturbance from development and Infrastructure

The exploration and development of oil and gas sites in the oceans pose large threats to marine life and ecosystems through by-products such as produced water, ballast water, drilling muds, drill cuttings, produced sand, sanitary and domestic wastes, and slop oil. Produced water and drilling muds and cuttings can have toxic components such as mercury, cadmium and zinc, and petroleum and radioactive materials. The impacts are not well known but research has discovered long-term, sub-lethal effects to plankton, which is the fundamental base of the food web (Alaska Marine Conservation Council 2009). Areas around oil platforms have also been found to have sediments with higher levels of toxicity, and reduced abundance, species diversity, genetic diversity and reproductive success of marine life (Montagna 2009). 

Infrastructure associated with oil and gas developments involves extensive pipelines, facilities and support bases in marine and coastal areas, leading to loss of habitat, and degradation of habitat from construction noise, heavy equipment, erosion, increased sedimentation and dredging of seafloor habitat (Alaska Marine Conservation Council 2009).

Shipping and oil spills 

Oil spills are one of the most obvious and immediate impacts of shipping activities in the world’s oceans. Oil spills can be one-off large events such as the infamous Exxon Valdez event of 1989, or they can be small, chronic spillage from pipelines and platforms (Alaska Marine Conservation Council 2009). Short-term impacts include: hypothermia in seabirds and mammals who have to rise to the water’s surface to breathe, repeatedly being covered in oil, which then reduces the insulating capacity of their fur and feathers; poisoning from toxic fumes; seafloor sediment contamination that poisons bottom-dwelling species such as crabs, mussels, and other shelled animals that are important food for other fish, humans and mammals; poisoning of mangroves and corals and associated impacts on biodiversity; decreasing the capacity for local species with naturally limited recruitment to survive and recruit into the future; further compound the impacts of other activities reducing the likelihood of species or ecosystem recovery (SeaWeb 2007, Alaska Marine Conservation Council 2009, Moore 2006).  
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