Text S1. A more detailed review of the threats to marine biodiversity identified by the Census of Marine Life National and Regional Committees in their papers.

Box 1. Examples of threats to marine biodiversity from fisheries.
The impact of fisheries on biodiversity of the northeast and southeast United States has included severe reductions in upper trophic level predators (such as sharks, snappers, groupers, and Carangidae) and cascading responses through lower parts of the food web [1, 2, 3]. Populations of pelagic sharks, tunas, and mackerels (Scombridae) are also currently or periodically overfished. Marine mammals such as the Atlantic right whale and the Florida manatee are endangered [4]. Overfishing of individual species and fishing gear effects are likely to have an impact on the health of populations of associated algae, invertebrates, and other vertebrates. 

Overfishing in the northern Gulf of Mexico has affected both commercial and recreational fisheries [5, 6]. In the southern Gulf of Mexico and the Caribbean, the shrimp fishery has almost completely ceased because of a combination of over-fishing, under-regulation, and environmental change [7]. Octopus, one of the most important fishery resources in this area (Octopus maya represents 80% of the catch, and O. vulgaris the rest), has been fully exploited [8], while conch and lobster fisheries on coral reefs have become commercially extinct through overharvesting [9]. Red grouper (Epinephelus morio) fishing on coral reefs has decreased since the 1970s. Heavy shark fishing led to reduced populations. Sales of shells, soft and hard corals, and hawks bill sea turtle carapaces continue in street markets of Veracruz, Mexico. The most endangered species include the Kemp’s Ridley sea turtle, the whooping crane, the piping plover, the reddish egret, and all the great whales [10, 11, 12]. 

Fisheries in California have caused the depletion of salmon and steelhead [13]. Seven species (widow rockfish, canary rockfish, yelloweye rockfish, dark blotched rockfish, bocaccio, Pacific ocean perch, and cowcod) currently have been overfished and are subject to rebuilding efforts. In the Georgia Basin, canary and yelloweye rockfish have been proposed for threatened status, and bocaccio for endangered status.  In Japan, overfishing has caused the decline of wild fish catches and has driven an increase in aquaculture. Reef-forming corals of the Florida Keys are declining [4], and decades of fishing on aggregations of spawning reef fishes has resulted in declining abundance in aggregations, but no-fishing zones have been restoring populations of predatory fishes [14]. The effects of fishing on target species in Australia include effects on non-target species (e.g., turtle) that are being limited by the use of specific sampling devices [15, 16, 17, 18]. In New Zealand, overfishing, bycatch depletion, and diminishment of ecosystem services because of biodiversity loss have been documented. The exploitation of deep-water species of scampi (Metanephrops challengeri) and of selected demersal fish over an area of 2,400 km2 is negatively associated with invertebrate species richness and diversity. 

Overexploitation of living resources in Antarctica, such as krill, fish, and their associated bycatch, is a major threat to the pelagic ecosystem. Benthic trawling in the South Georgia region was banned in the 1980s, but longline fishing continues. Commercial fishing in Antarctica is heavily regulated, but unlicensed vessels keep on fishing illegally. Historically, overexploitation first concerned whales and seals, but commercial sealing ended in the 1950s and all but scientific whaling ended in the mid-1980s. 
In the Tropical East Pacific, fisheries not only threaten fish and benthic invertebrate species but also exert detrimental effects on sea turtles (Lepidochelys olivacea and Chelonia agassizii [19]). In the Patagonian Shelf, several fish and invertebrates, mainly molluscs and crustaceans, are largely exploited [20, 21]. Bycatch of seabirds, marine mammals, and turtles are relevant. Bottom trawling dominates coastal and deep-sea fishing and produces large amounts of discards of benthic invertebrates, accounting up to 80% of the catch [22]. Bycatch affects at least 4 species of marine turtles, some 20 species of birds, and 7 species of mammals (sea lions, elephant seals, and dolphins). In the Tropical West Atlantic, fishing activities on species with commercial value is particularly intense [23]. Endangered species include the catfish, scienids (Micropogonias furnieri and Macrodon ancyclodon), carangids (Selene setapinnis, Trachinotus cayannensis, Trachinotus carolinus), the grouper Epinephelus flavolimbatus, and the snapper Rhombopolites aurorubens. The most important species captured with lines are the “carite sierra” (Scomberomorus cavalla) and the barracuda (Sphyraena barracuda) [24].  Approximately 80% of the resources of Brazilian waters are currently overexploited. 
Fisheries in the northeast Atlantic have a negative impact on benthic diversity, production, and community structure [25, 26], and large parts of the area are fished 5-10 times a year. In the Baltic, a remarkable increase in fishing mortality has become evident since the mid-1940s [27]. The impact of fishing on the Baltic fish stocks is very important [28]. In the Mediterranean Sea, the depletion of species is evident on historical time scales (e.g., in the Adriatic [29]). Fisheries are responsible for 93% of the observed depletions. Several fish resources, including macrophytes, sponges, cnidarians, echinoderms, molluscs, arthropods, polychaetes, ascidians, and other invertebrates, are highly exploited or overexploited [30-34]. Direct exploitation of coastal resources by South African fisheries increased dramatically in the 1950s [35-37]  but subsequently declined. Overexploitation of pelagic and demersal stocks in the Indian Ocean is a recognized phenomenon [38] and is a serious threat in Chinese waters. The Chinese shrimp Fenneropenaeus chinensis, a large, endemic species with high economic value, is nearly extinct in Guangdong Province, the northern South China Sea. The Bohai-Yellow Sea population of Chinese shrimp has seriously declined and is an “endangered species.” The important fishery for large yellow croaker Larimichthys crocea in the East China Sea has collapsed and is also endangered; the stock size has decreased to only 71 t in the East China Sea shelf region. The horseshoe crab Tachypleus tridentatus, a major medicine resource primarily distributed in the northern South China Sea，has been seriously overfished and is now assessed as an endangered species. About 10% (26 over 256 species) of species of scleractinian corals are endangered, and the rest are “vulnerable endangered.” Of the Mollusca, 23 species are “endangered,” 22 are “critically endangered,” and 12 are “extinct.” Fifty-six species of Crustacea are now endangered, and of the two species of living fossil Xiphosura, one is endangered and the other is vulnerable endangered. Of the fish fauna, 270 species were endangered, 19 species critically endangered, and 4 are extinct. Also about one-third of the 150 species of the holothurid echinoderms are “endangered” because of overexploitation. 
Box 2. Examples of the threats to marine biodiversity from habitat loss.

The effects of human encroachment and activity on coastal habitats reduces the amount of natural space, introduces pollutants, and impedes natural adjustments to the shore as sea level rises [29]. These effects are exacerbated by the impact of  climate change on specific marine  habitats. For instance, the destruction of natural habitats contributes to changes in the centers of distribution of several taxa, an effect that is particularly evident for species associated with the ice pack. A decline in reproductive success of mammals is being documented for species, such as ice seals, that use the ice cover to den and raise their pups on the ice [39]. Along the South African east coast, many shores consist of rock platforms bounded by sandy habitats above where rising sea levels may result in the loss of some upper intertidal species. Alteration in coastal habitats as a result of sea level rise, changing ocean water circulation, and upwelling patterns also is extending along the west coast of the United States. In the Gulf of Mexico, extensive coastal habitat damage and loss have been caused by intense hurricanes in recent years. Although habitat loss in the United States has been greatest in Louisiana, with the disappearance of 80-130 km2 of coastal wetlands each year, other states are experiencing significant loss due to coastal development and infrastructure in selected areas. In Texas and Louisiana, sea level rise has been compounded by the subsidence of some coastal lands as a result of water and petroleum extraction [40]. Also in the Florida Keys, coastal development continues to have an impact on habitats of estuarine species and estuarine-dependent stages of shelf species. 

Caribbean coral reefs are already greatly degraded, declining in some instances from more than 50% live cover to less than 10% over the last two decades [41]. This decline is due to a combination of forces, including damage by hurricanes, sediment runoff, boat anchors, fish traps, grounded ships, dredging, collection, and dynamite fishing. High population pressure in coastal areas has also led to the conversion of many mangrove areas to other uses, including infrastructure, aquaculture, rice, and salt production, at a rate of about 1% per year since 1980; that is, about 413,000 ha of mangroves have been lost in the Caribbean in that period [42]. In many areas of the Caribbean and Tropical West Atlantic, mangroves and seagrass have been removed to “improve” bathing beaches and to allow access to shipping or to lay pipes and other submarine structures (e.g., [43]). In the Mediterranean Sea, the “cementification” of the coastal habitats is of increasing concern [44, 45].

In the Indian Ocean, mangrove deforestation is the most evident example of habitat loss [46]. In Malaysia and Vietnam, removal of mangroves has led to a phenomenal decline in their role in coastal protection and as nurseries for larval and juvenile forms [47]. In Indonesia, a decadal loss of mangrove cover to brackish-water shrimp farms comprised half a million ha in the early 1990s [48]. The loss of sand dunes and associated flora is nearly total in Goa (India). Coastal construction and the consequent loss of habitat are one of the major threats of biodiversity in the China Seas. Habitat loss and degradation are identified as the main impact on the diversity of 12 large taxonomic groups in the Mediterranean Sea. Coastal development, sediment loading, and pollution notably reduced the extension of important habitats for marine diversity such as seagrass meadows, oyster reefs, and beds of maerl and macroalgae. They have affected Mediterranean ecosystem functioning since well before the 1900s [49, 50]. Because most species depend strongly on their habitats (such as bryozoans, sponges, echinoderms, benthic decapods, and organisms of the suprabenthos and meiobenthos), their loss and degradation has a notable affect on marine diversity. But large, erect species of brown algae, as well as the Mediterranean seagrass Posidonia oceanica, are in decline because of environmental degradation mostly induced by human activities [31, 51]. Currently endangered Mediterranean species include marine mammals and sea turtles, which historically have been victims of exploitation but more recently have suffered the  disruption of their nesting habitat and been killed as unwanted bycatch [52, 53]. Fishing activity in the Mediterranean is also causing structural and functional changes and ecosystem degradation 
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(e.g., [54-57])
. Similarly, the change, loss, or modification of habitat and the destruction by overfishing are threatening New Zealand coasts. Along the Patagonian Shelf, the degradation and disturbance of habitats and sediment resuspension are having an impact on benthic species, and several areas require urgent conservation measures, including specific actions to avoid or minimize the effects of the dredging nets. Bottom trawling is causing indirect impacts (physical destruction) on habitat structure [10, 58]. This is true also of the cold-water coral reefs of Lophelia pertusa, inhabiting the continental margins at temperate and high latitudes (e.g., Norwegian Sea, Arctic region, and northeast Atlantic), which are particularly susceptible to damage by trawling. The reefs can provide habitat for a species-rich epibenthos and fish community, which in many cases are not specifically associated with the coral itself but benefit from the available hard substrate for settlement and its complex three-dimensional structures [59-62].
Box 3. Threats to marine biodiversity from contamination and eutrophication.

The most significant threat from ships to the Arctic marine environment is the release of oil through accidental or illegal discharge. Oil can reduce insulating properties of marine mammals and seabirds, causing hypothermia, and can be fatal if ingested, inhaled, or absorbed. In the high-latitude habitats and in the northeast Atlantic, contamination activities related with the oil and gas industry pose an increasingly serious concern for the sustainability of ecosystem functioning and biodiversity. One study suggested that the decline of seal populations by about one order of magnitude was due to overhunting followed by toxic pollution [63].  

Contamination and eutrophication have become problems in most of the densely populated and industrialized regions of the world [64,65]. Contamination and the degradation of water quality are becoming critical concerns in the Gulf of Mexico and stimulated the Governors’ Action Plan for Healthy and Resilient Coasts [66]. Increasing population densities and the expansion of agricultural and industrial activities are threatening the Caribbean region. The coastal zone of the Tropical East Pacific is increasingly contaminated (including Ecuador and the Galapagos Islands; [67]), which threatens the biodiversity of the region [68]. In the Tropical West Atlantic, contamination is caused by urban and agricultural development, dredging and flow navigation, runoff from the Orinoco and Amazon basins, oil and gas exploitation, port activities, and maritime transit [69].  Hydrocarbon spills, heavy metal contamination, and their biological effects cause increasing concern in the Mediterranean Sea. In particular, special attention is now being paid to the ‘‘new pollution’’ processes; that is, the introduction of novel substances with biological activity that might have synergetic effects with ‘‘classical pollutants” [44]. The Patagonian Shelf, too, see increasing urban and industrial pollution and the contamination of coastal and marine environments. Harbors, marinas, seawalls, railway lines, and other structures on the seashore are common features in South Africa’s coastal cities [37]. Near- and off-shore pipelines continue to discharge increasing volumes of sewage, fish waste, or industrial effluent into the marine environment. Pollution is a serious threat in the Indian Ocean, where the main sources are industrial effluents (metals, oil, and organic byproducts) and nutrients from domestic sewage and agricultural runoff. Industrial pollutants act as direct toxic substances, causing impairment of metabolic functions and eventually mortality. The Indian Ocean Global Ocean Observing System [70] has conservatively estimated a daily release of 57 million liters of domestic sewage and 6 million liters of industrial sewage into the coastal waters of that ocean. Dead zones caused by eutrophication in the coastal waters have increased exponentially since 1960; of roughly 400 such zones recently cataloged [71], about 10 are in the Indian Ocean. Areas heavily affected by eutrophication and pollution in China are experiencing dramatic changes in biodiversity. In the Yellow Sea, only 7 of the 164 species recorded in 1967–68 were found in 1980s, and no living benthic animals were found after 1989. With the rapid development of industrial production in coastal cities and an increase in the intensity of fishing in the inner shelf area, and with a corresponding rise in environmental pollution and decline of living resources, the high biodiversity and richness of marine biota and living resources in China’s seas have seriously decreased. Chemical pollution and coastal nutrient and sediment input around New Zealand are low relative to that encountered in the more densely populated and industrialized countries of the Northern Hemisphere. Oil spills in New Zealand waters are usually minor but are not infrequent (e.g., 84 marine spills in 1996) and have caused losses of seabirds in affected areas. Other pollutants—thermal effluent, heavy metals, and radioactivity—have been likewise relatively small in quantity (some local exceptions) and biological impact [72]. Some of the principal pollution problems in New Zealand are due to the loss of nutrients from animal wastes (cattle numbers rose 34% between 1994 and 2002) and fertilizers into coastal waters. Raw sewage is pumped into the ocean with few exceptions. About 80% of marine pollution comes from land-based sources, and about three-quarters of this amount is discharged through outfalls. Industrial and urban wastes released at sea through storm-water runoff (including heavy metals) and the flushing of plastic and other debris to the coast are additional sources of pollution [73]. Plastic and other litter constitute a potential hazard to marine animals; plastic items are thought to cause more deaths of marine animals than oil spills, heavy metals, or other toxic materials. A year-long study of Auckland’s storm-water discharges found that each day 28,000 pieces of litter, much of it plastic, ended up in the Waitemata Harbour. In some coastal areas, reef sponges, kelp forests, weed beds, seagrasses, and fish nursery grounds have been lost because of increased sedimentation. Nutrient input from terrestrial runoff has been suggested as contributory to some harmful algal blooms (HABs), including red tides [74]. On some occasions, potent toxins produced by a small number of HAB species have been reported to cause either mass mortalities of marine life or to find their way from shellfish to humans, causing neurotoxic shellfish poisoning (NSP), paralytic shellfish poisoning (PSP), diarrhetic shellfish poisonings (DSP), and amnesic shellfish poisoning (ASP). Marine pollution in the Antarctic occurs mostly as a result of localized oil and sewage spills but is also caused by global pollutants from outside the Southern Ocean. Considering the extreme vulnerability of the biotic components and the persistence of pollutants in the system, these pollutants are likely to produce exacerbated effects. 

In the Baltic Sea, the first signs of eutrophication were already evident in the mid-1950s, and this phenomenon has caused shrinkage of the distribution area and declines in the population of species preferring clear and oxygen-rich water. Other effects are impoverishment of species diversity, and increase in bioproductivity, and intensification of potentially toxic cyanobacterial blooms [75]. Reports of long-term decreases in oxygen concentrations at open ocean and coastal locations have prompted concern about the consequences for marine ecosystems [71]. In the Gulf of Mexico, extending hypoxic regions regularly drive mobile animals from certain areas, and increasing coastal development encroaches upon or destroys habitats [76]. In August 2006, an event with severe hypoxic and anoxic conditions on the central Oregon coast led to the complete absence of all fish from normally populated rocky reefs and high mortality of large benthic invertebrates [77]. In the Mediterranean Sea, hypoxic areas periodically appear in the shallow northern Adriatic Sea, causing extensive mortality of benthic organisms and bentho-nekton. It has been recently hypothesized that the sequence of jellyfish outbreaks, red tides, mucilage appearance, and bottom anoxia of the Adriatic Sea may all be part of a succession of  interconnected events [78].
Box 4. Examples of threats to marine biodiversity from alien species.

The introduction of alien species is one of the major sources of pressure on Caribbean marine life [42, 79]. The invasive lionfish, Pterois spp., having no predators in this system and preying on small fishes, has an increasing impact on the endemic fish population of the southeastern United States and the Caribbean region. New species and assemblages are likely to be discovered in deep sponge and coral endofauna and in the complex hard bottom that underlies swift Gulf Stream currents on the Blake Plateau. Recent notable invasive species in the Gulf of Mexico include the Australian spotted jellyfish (Phyllorhiza punctata) and the brown and green mussels (Perna perna and P. viridis, respectively). The orange cup coral (Tubastraea coccinea), originally from the Indo-Pacific, invaded the Gulf of Mexico in the late 1970s and is now found throughout the area on oil and gas platforms, other artificial structures, and coral reefs [80]. Invasive species have been identified as an important cause of declining biodiversity in the Humboldt System. Although there are few reports of highly invasive or aggressive nonindigenous species in the Humboldt Current Large Marine Ecosystem [81], the introduction of non-native species represents a large risk to native biodiversity. The list of invasive species present in the Brazilian coasts includes 66 species [82] of phytoplankton (3), macroalgae (10), zooplankton (10), zoobenthos (38), fish (4), and pelagic bacteria (1), and has suffered increasing bioinvasion [82]. 

The mussel Mytilus galloprovincialis is a recognized invader around the world and has entered the Chilean coasts [82]. The presence of exotic species, in the Patagonian Shelf has grown in recent years to 41 species, including algae, molluscs, hydroids, bryozoans, ascidians, and crustaceans, with severe ecological and economic consequences [83, 84]. In Patagonia, the expansion of the Undaria pinnatifida (an invasive seaweed, whose growth is not controlled by the native sea urchins, [85]) is associated with a dramatic decrease in species richness and diversity of native seaweeds. In the Baltic, 110 alien species are now documented, and about 70 of them are known to have established self-reproducing populations (Baltic Sea Alien Species Database, 2009), and they include secondary introductions from both the North Sea and adjacent inland waters [86]. Most species come from the northwest Atlantic, the Ponto-Caspian region, and the western European waters. At least three potentially toxic alien species have been documented in the Baltic Sea [87]. In addition, the cryptogenic ship worm Teredo navalis is now fully established in the southwestern Baltic region. The occurrence of the alien ctenophore zooplankton predator, the American comb jelly Mnemiopsis leidyi, threatens cod egg abundance in the Baltic Sea [88]. 

The number of alien species documented in the Mediterranean is now over 500. This region has witnessed an overwhelming increase in the number of alien species since the beginning of the early nineteenth century, particularly due to the Suez Canal connecting the Mediterranean to the Red Sea and an increase in ship traffic [89]. Mnemiopsis leidyi has spread across the Mediterranean, from Israel to Spain in 2009. The ingression of a large number of allochthonous species of tropical origin is leading to what is called the “tropicalization” of the southern Mediterranean Sea and “meridionalization” of the northern sectors (increased proportion of indigenous thermophilic species; [90]). Tropical species have been entering the Mediterranean either through the Suez Canal (Lessepsian migration) or the Strait of Gibraltar for decades [91, 92], and in the last two decades, the number of tropical species that have also spread through the entire basin is growing. Examples of Erythrean aliens that crossed the Strait of Sicily include algae, a seagrass, many invertebrates, and fish [93-95]. The lack of (evidence of) species extinction coupled with establishment of alien species is apparently leading to an increased richness of the Mediterranean [96] . Among the alien species expected to pose serious problems to other species are the algae Caulerpa taxifolia [97] and C. racemosa var. cylindracea [98], the shellfish Crassostrea gigas and Ruditapes philippinarum (intentionally introduced for culture), the prawn Fenneropenaeus merguiensis, the scyphozoan jellyfish Rhopilema nomadic, and the striped catfish Plotosus lineatus. Several cases of poisoning and injuries due to an alien jellyfish (Rhopilema nomadica) have been reported from Israel [99]. Cladocora caespitosa, the most important among the shallow-water zooxanthellate species living in the Mediterranean [100] has suffered because of the warming episodes [101]. 

In South Africa there are 86 marine alien species and an additional 40 cryptogenic species, most of which are confined to sheltered sites (Mead et al. in prep). The most important introduced taxa in terms of numbers of species are the Crustacea (33 species), Mollusca (22 species), Ascidiacea (18 species), and Cnidaria (16 species). The Mediterranean mussel Mytilus galloprovincialis and the Pacific barnacle Balanus glandula have become widespread on the open, wave-exposed coastline. In the Pacific Hawaiian region, endemic species are showing limited resistance to the invasion of alien species. On the eastern Pacific coasts of California, the introduction and spread of alien species have emerged as major environmental, economic, and public health problems [102]. In San Francisco Bay, alien species dominate many important habitats [103]. Species such as the invasive tunicates Didemnum and Styela clava, European green crab, Japanese oyster drill, Spartina (cordgrasses), and various pathogens and parasites represent ongoing threats to the regional aquaculture industry. 

In the western Pacific the number of nonindigenous species is also increasing. At least 39 alien species have been recently introduced in Japanese waters, including 11 Mollusca, 10 each of the Annelida and Arthropoda, 3 Chordata, 2 Myxozoa, and 1 each of the Chlorophyta, Cnidaria, and Heterokontophyta. Some species, such as the gastropod Nassarius sinarus, have detrimental effects on the economy. Considering the importance if maritime traffic in Japan, that nation has a high rate of introduction of invasive species. The Chlorophyta Caulerpa taxifolia was also recently introduced into Japanese waters. One of the few countries to have successfully eradicated a marine invader is Australia [104], where the number of invasive marine species is continuously monitored. In New Zealand waters, the Asian kelp Undaria pinnatifida has been documented to produce negative effects on native species [105], but at least 200 non native marine species have become naturalized [106].  There are currently no records of successfully established invasive marine animal species within the Southern Ocean. There have been several reports of either adults or larvae of alien animals at Antarctic coastal localities, but none were found again or in more than one stage of their life cycle. The successfully established marine invaders found off the South Shetland Islands and the northern Antarctic Peninsula were benthic macroalgae [107]. 
Box 5. Examples of how climate change threatens marine biodiversity.
A recent study of global patterns of the effects of climate change projected the distribution ranges of a sample of 1,066 exploited marine fish and invertebrates for 2050 using a newly developed dynamic bioclimate envelope model [108]. The study indicated that climate change could lead to many local extinctions in the subpolar regions, the tropics, and semienclosed seas and to more intense species invasions in the Arctic and the Southern Ocean. These projections suggest important species turnovers (>60% of the present biodiversity). These changes are likely to have negative consequences for ecosystem services, with important economic impact. In fact, climate change will cause a large-scale redistribution of global catch potential, with an average of 30%–70% increase in high-latitude regions and a drop of up to 40% in the tropics. Changes will be most apparent in the Pacific Ocean. An increase in catch potential is expected by 2055 in Norway, Greenland, and the Arctic, while significant losses could be observed in Indonesia, the United States (excluding Alaska and Hawaii), Chile, and China [109]. Warming will alter the geographic distribution of marine organisms, and such changes are expected to be particularly evident in regions characterized by psychrophilic species, such as the Arctic. Most of the present ice-covered areas are likely to have reduced ice cover, especially in summer, which could lead to increased primary and secondary production and possibly enhanced fish production [110]. Arctic benthic communities are likely to expand, displacing colder-water species. There will also be a shift northward in the distribution of many species of fishes, which could lead to extinction of some current Arctic species [111, 112]. Warmer temperatures in the Bering Sea, Chukchi Sea, and northeast coasts of the United States are causing a shift in the size composition of both planktonic and benthic assemblages with effects on the nekton [113-117]. Populations of zooplankton are getting smaller, while zooplankton predators such as chaetognaths are increasing and are having a significant impact on community organization [118]. Warmer temperatures are thought to be accompanied by earlier and higher zooplankton production [119]. 

These regions may experience a decline in benthic infaunal biomass. Major changes that are occurring in the benthic biomass and composition of species assemblages have consequences for the bird and mammal predators of those groups [120, 121]. A shift to pelagic production would favor bowhead, fin, minke, and blue whales but disadvantage benthic feeders such as gray whales, walrus, bearded seals, and diving ducks [120-122]. Surveys conducted since 1948 in the northeast Atlantic reported a peak in phytoplankton and zooplankton (Calanus helgolandicus) associated with a rise in temperature and Atlantic inflow in the late 1980s. On the basis of long-term observation, changes in climate and the North Atlantic Oscillation are expected to induce a regime shift [123] with simultaneous or time-lagged responses in biodiversity and ecosystem functioning. Cold-water species of the Yellow Sea and Japanese waters are now declining because of the rising sea temperature. The tellinid bivalve Peronidia zyonoensis Hatai et Nisiyama that was living 6,000 B.C. in the China Sea is now extinct, while living individuals could still be found in the northern Sea of Japan (Russian Far East) and east (Pacific) coast of Honshu, Japan. The Tropical East Pacific reefs are experiencing bleaching and a decrease of the live coral cover due to temperature increases of at least 1-2ºC associated to the El Niño-Southern Oscillation effect [124]. Climate change is likely to have an impact on marine ecosystems across the entire Hawaiian Archipelago, causing shifts in the abundance and distribution of marine species and increased incidence of harmful algal blooms and other nuisance species [102]. The temperature of the Mediterranean Sea has been steadily increasing since the 1970s [125, 126]. There are clues of rarefaction or even disappearance of cold-water species [56, 127, 128], starting from the deep-water coral Lophelia pertusa [129]. With global warming, thermophilic species of the southern Mediterranean are expanding northward [128, 130-132]
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, while the abundance of some boreal species may dramatically decrease [133]. There are cases of species replacement [96, 127, 128, 134], and mass mortalities due to high temperature or development of pathogens [135, 136]. 

The decline of temperatures observed between 1987 and 2007 along the west and south coasts of Africa (Rouault pers. comm.), a result of climate-driven changes in upwelling patterns [137], is causing the declines in the warm-water indigenous brown mussel (Perna perna) and increases in kelp and the cold-water invasive mussel (M. galloprovincialis). Climate change is also apparently driving a strong movement in the center of gravity of both pelagic fish and rock lobster [138] stocks over the past decade, causing dramatic changes in the numbers of predatory seabirds [139]. There is increasing evidence of changes in the ranges of, the interactions between, native marine species under the influence of climate change also in Australia and New Zealand [104, 140, 141], and climate change is a significant potential threat to the long-term survival of Antarctic marine communities [142, 143]. The seas to the northeast and the west of the Antarctic Peninsula are some of the fastest-warming areas on Earth, showing a decrease of sea ice formation by 10% per decade in certain regions [144, 145]. The collapse of several floating ice shelves has dramatically altered coastal and shelf habitat on the peninsula. Because the frequency of ice scour on the shelf seabed is closely linked to sea ice duration, the catastrophic disturbance of shallow biodiversity is likely to significantly increase [146]. There has been an overall warming of surface waters (in the Bellingshausen and Scotia seas) by about 1°C in the last 50 years, but so far there is no evidence of any biologically meaningful temperature change in waters more than about 100 m deep.

The anthropogenic increase in the concentration of atmospheric carbon dioxide is reducing the pH of the oceans. Ocean acidification could have an impact on the prey base, fisheries species, and deep-water corals at high latitudes. In particular, calcification by bivalves that dominate polar shelves could be adversely affected, and thus the food web that relies on them [147]. Ocean acidification is also predicted to reduce the absorption of low-frequency sound, leading to a noisier environment for marine mammals [121, 148, 149]. A growing number of studies have demonstrated adverse impacts of acidification on marine organisms, including decreases in rates of coral calcification, reduced ability of algae and zooplankton to maintain protective shells, and reduced survival of larval marine shellfish and fish [121, 150, 151]. The southeast coasts of the United States along with the entire tropical region are expected to be highly sensitive to ocean acidification because of the large presence of calcifying organisms. The synergistic effects of temperature warming and ocean acidification on stony corals have been recently reviewed [152]. Acidification may be a major threat to Mediterranean marine biodiversity [153], affecting both calcifying phytoplankton (coccolithophores), which plays a significant role in the primary productivity of the oligotrophic Mediterranean Sea and has an impact on sessile organisms laying carbonate crusts. Calcareous red algae are key builders of coralligenous reefs in the Mediterranean, and sea water acidification is expected to impair their role [154]. Similar effects are expected for other oceanic regions at midlatitudes (such as the New Zealand) [155]. However, noncalcifying photosynthetic plants, such as frondose algae and seagrasses, may take advantage of a greater availability of CO2. The surface waters of the Southern Ocean are saturated with calcium carbonate. The Southern Ocean is predicted to be the first place where this acidification will reduce aragonite concentrations to below saturation point, by the year 2100 [148]. As the skeletons of the planktonic pteropod molluscs are aragonite based, it is unlikely that pteropods will be able to adapt quickly enough to survive in the Southern Ocean. 
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