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8.5 Anthropogenic noise 
In 2004, the International Whaling Commission “Scientific Committee agreed that there is now compelling evidence implicating military sonar as a direct impact on beaked whales in particular. The Committee also agreed that evidence of increased sounds from other sources, including ships and seismic activities, were cause for serious concern” (IWC, 2005:37). The Committee went on to identify increases in seismic noise and shipping as ‘cause for serious concern’. It emphasised the importance of applying the precautionary principle in addressing the issue and it made a number of specific recommendations for reducing impacts of seismic exploration. Finally, it made a commitment to return to this issue at a future meeting. 
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SC/57/E8 summarised scientific studies investigating noise issues, and documented major noise-related events that occurred over the past year. In particular, there have been a number of typical and ‘atypical mass stranding events1‘ that have occurred coincident with use of high intensity sound sources, in particular military sonars. Such mass strandings include events in North Carolina (USA) and the Canary Islands (Spain), and published information on atypical mass strandings in the Galapagos Islands linked to seismic surveys. In addition, a ‘milling2’ event was reported in Hawaii (USA) again linked to military activities. It should be noted that although some of these events involved beaked whales, a variety of other cetacean species were involved, including minke whales. 

A number of international bodies has expressed their concerns about noise, in the form of resolutions, including ASCOBANS, ACCOBAMS, the IUCN and the European Parliament. These bodies typically called for dedicated, independent research on the impacts of noise on cetaceans, echoing the recommendations made by the IWC Scientific Committee in 2004, and the introduction of regulations to control noise in cetacean habitats. The European Parliament called for restrictions on the use of high intensity active sonars in European waters and a moratorium on the development of new high intensity military sonar systems – a particularly strong statement indicative of very high levels of concern. 

Three other studies summarized in SOCER, although conducted on non-cetaceans, could have implications for the health of whales. The first study reported that well-fed animals showed a response to human disturbance, while animals with fewer food resources did not (Beale and Monaghan 2004). The second study noted that juvenile animals raised in a noisy environment displayed retarded development in auditory centres of the brain (Chang and Merzenich 2003). The third study reported that pollutants (in this case, tributyltin) can cause hearing damage (Song et al. 2005). 

Brownell reiterated the importance of clarity in terminology in terms of strandings. These events coincident with military sonar use have been called ‘atypical mass strandings’ as compared to ‘typical’ events (Frantzis 1998). In atypical mass strandings, beaked whales strand at approximately the same time, but not in the close proximity. 

SC/57/E9 presented the latest in a series of updates on noise pollution that had been provided to the Scientific Committee. An international workshop (13-16 April 2004, Baltimore, Maryland, USA) recently considered beaked whales and noise, including the mechanisms that might lead to noise-associated strandings. This workshop concluded that, despite the increasing number of atypical mass strandings associated with military sonar, the mechanism of injury remains unknown. It is increasingly apparent that tissue damage and strandings may be induced at lower sound levels than those that induce auditory damage (i.e., lower than those currently being used as an acceptable level for management guidance – often a received level of 180 dB re: 1μPa, or a radius of 500 metres as a ‘safety zone’ – for example, e.g., the Mitigation of Seismic Noise in the Marine Environment, Statement of Canadian Practice on Seismic Surveys). The authors also noted that further evidence of decompression-type sickness in beaked whales has recently been illustrated by researchers in the Canary Islands (Arbelo et al., 2005; Espinosa et al., 2005; Fernández et al., 2005) who provide evidence of a new atypical beaked whale mass stranding there that coincided with the international naval exercise known as ‘Majestic Eagle’. This was conducted more than 100km north of the Canary Islands in July 2004. Although the whale bodies retrieved were too decomposed to allow gas embolisms to be detected, systematic fat embolisms were found in these animals. These were also characteristic of the stranded beaked whales associated with an earlier exercise, ‘Neo-Tapon’, in 2002. The probability that the animals associated with the ‘Majestic Eagle’ exercise died at sea is extremely high (Fernández et al. 2005). This increases the concern that other animals affected during similar events are also dying at sea but are not being discovered and examined. 

With respect to mitigation issues, the authors concluded that the recent literature indicated that it is no longer realistic to limit mitigation methods to consideration of auditory impacts to within a small radius of the sound source. Other mitigation methods and approaches therefore needed to be prioritised. In addition, it was noted that Barlow and Gisiner (2004) concluded that the overall probability of detecting beaked whales during ‘mitigation monitoring’ is likely to be 24 to 48 times lower than that achieved during dedicated sighting surveys. They calculated that less than 2% of beaked whales would be detected during mitigation monitoring – if the animals were directly in the path of the ship. This detection would drop to zero by ~1 km from the trackline. The recent beaked whale workshop also concluded that current monitoring and mitigation methods for beaked whales are ineffective in the detection and protection of these animals from adverse sound exposure. Barlow and Gisner (2004) also commented on the relatively early stage of development of the new detection methodologies, such as active sonar and lack of evidence of the efficacy of commonly used mitigation measures (e.g., ramp-up). Hoyt (2005) has recently provided a substantive review of Marine Protected Areas (MPAs) as they relate to cetacean conservation and the authors of E9, building on this excellent review, suggested that appropriately managed MPAs have the potential to help address noise pollution. They also suggested that there is an urgent need to develop alternative technologies to those that currently employ or produce loud marine noise. For example, a recent symposium 18-19 May 2004, Arlington, VA, USA (Southall, 2005) on shipping noise and marine mammals, held in the US, discussed development of ship quieting technologies. A further example is the marine vibrational device that is under development as an alternative to the use of airgun arrays in seismic survey of the seabed and which has a lower peak amplitude, slower rise time and significantly less energy above 100Hz (Smith and Jenkerson, 1998). 

With respect to MPAs and noise, some SWG members noted that these might indeed be a very useful tool to reduce noise impacts on cetaceans. It was also noted that the IUCN has requested the World Commission on Protected Areas to consider noise as a factor in MPA designation and management (Appendix 2). 

The relationship between seismic surveys and the diversity of species of cetaceans recorded in Brazil was evaluated in SC/57/E6. The information regarding diversity of cetaceans was obtained from Brazilian progress reports submitted to IWC from 1999 to 2003. Only presence/absence of species was scored due to broad variability of methods and sampling effort of various research groups. The data on seismic surveys between 1999 and 2003 were obtained from annual reports of the Brazilian Oil Agency (ANP). 

A cluster analysis of the number of seismic surveys indicated a greater intensity of surveys in 2000 and 2001. Of the 43 species of cetaceans recorded in Brazil, 35 (85%) occurred during the study period. A cluster analysis of the presence/absence of species for each year, and the Shannon-Wiener diversity index showed a slight variation in the diversity of species among the years, with some reduction in 2000 and 2001. The main decrease in observations was for common dolphins (Delphinus delphis) and bottlenose dolphins (Tursiops truncatus). This investigation on the effects of seismic surveys on marine mammals in Brazil is very preliminary. It was recommended that data obtained during seismic surveys since 

1999 be reviewed to further investigate diversity, abundance and distribution of cetaceans, with the goal of improving data sampling, monitoring and focus of future research. 

Some members raised concerns regarding lack of information on methodologies, which undermine comparison of stranding records before and after surveys. Further, if survey effort is concentrated in any one area, comparison against diversity monitoring nation-wide may be problematic. Nevertheless, the results presented in this paper indicate some cause for concern and continued investigation is encouraged. 

One member noted a study in which a significant decrease in minke whale sightings had been reported coincident with naval exercises (Parsons et al., 2000). However, lack of provision of information on the position and activity of naval vessels and other data by the military made it impossible to assess possible confounding variables or study the effect in greater detail. 

The SWG strongly encourages producers of high intensity noise (e.g., sonar and seismic operators) to share information on noise source characteristics and to work with cetacean scientists to investigate the impacts of these activities. 

A workshop (entitled ‘A workshop to identify potential impacts and mitigation strategies for offshore hydrocarbon industry activities with respect to marine mammals and other marine fauna in the Gulf of Guinea (central West Africa)’) will be convened by Wildlife Conservation Society (WCS) and the hydrocarbon industry to take place at the end of June 2005, where data and information about industry activity will be shared, and mitigation strategies will be discussed. One of the reasons this meeting is being convened is because of the extensive oil and gas development in West Africa, which potentially overlap with numerous critical habitats for endangered marine mammals. For example, the coastal waters of Gabon and other areas throughout the Gulf of Guinea are clearly one of the most important and best-documented wintering areas off equatorial West Africa for humpback whale breeding, calving, and nursing, specifically from early July through October. 

During the months of planning for the workshop, the initial terms of reference that have been established are: 

(1) Review relevant critical data and issues of key environmental concern particularly related to marine mammals; 

(2) Review relevant critical data and issues related to the state of industry activity in the Gulf of Guinea and; 

(3) Maximise conservation benefits for wildlife and critical habitat by identifying, based on the information identified in I and II above, areas of immediate opportunity for mitigations that are most easily implemented as operational mitigation measures. 

It is expected that the attendees will be those directly involved in: (1) generating, interpreting, or utilizing the science to characterize the regional ecosystem and potential impacts; and/or (2) industry operations in the region. This is envisaged as a first meeting to address these issues, share information, and attempt to identify areas of immediate opportunity for possible mitigations not currently or necessarily implemented. 

Rosenbaum indicated that the report will be presented to the IWC SC ‘Seismic Workshop’ at SC/58. There are also a series of joint industry meetings focused on noise and on West Africa that will occur (intersessionally). Following the proposed SC/58 Seismic Workshop, a second meeting with the regional hydrocarbon exploration and production (E&P) industry will be convened aimed at further discussion following a year of additional conservation research and monitoring in the region, as well as having the ability and purview to convey and discuss the recommendations on noise from the SC 58 Seismic Workshop to the regional hydrocarbon E&P industry. 

The SWG welcomed this information and strongly endorsed the workshop. The SWG looked forward to receiving the report of this workshop especially with its relation to the work plan for SC 58. 

Palazzo welcomed the summary of the industry and the partnerships between the conservation community and industry off the Atlantic coast of Africa. He encouraged collaboration with the conservation and management communities off the western part of the South Atlantic as well. Rosenbaum responded that, while he recognises that it is certainly an ocean basin-wide issue, he decided to focus originally on West Africa, where WCS has a strong conservation presence and is most likely to be able to effect change. It required tremendous cooperation between conservation and industry groups, and covering a larger area (including South America, e.g.), might have watered down the efficacy of what they hoped to achieve. 

SC/57/E16 reported that fishermen in different parts of the world have used sounds to herd various species of small cetaceans to mass strand or into harbours where they are killed and used for food. Some of these fisheries of acoustic hunting have existed for over 500 years. These fisheries are generally called ‘drive fishery’ or ‘drive method’. Mitchell (1975) described, ‘in this type of fishery the animals are manoeuvred into a confining situation where they are either entrapped or immediately driven ashore and killed. Driving is usually accomplished with a number of small boats, which are used to herd the animals. In many cases, special efforts are made to generate noise, which aids both in containing the school and in hastening its movements.’ Fishermen around world have independently used various types of low-intensity sounds to ‘drive’ schools of small cetaceans. The areas where we have the best information of “drive fisheries” include Japan, Taiwan, Solomon Islands, Faroe Islands, and Newfoundland, Canada. Since the end of World War II, approximately 500,000 small cetaceans have been killed using the drive method and approximately 60% of these were killed in Japan. 

SC/57/E16 also reviewed the use of ASDIC (Anti-Submarine Detection Investigation Committee) sound (SONAR) for hunting large whales (baleen and sperm whales) in different parts of the world by commercial whaling operations. Tonnessen and Johnsen (1982) noted that the “ASDIC produces bursts of sound that enable diving whales to be echo-located. It can be used in whaling in two different ways: (1) In the case of baleen whales, it frightens the animals, which then swim very fast and near the surface, making them easier to see and tiring them more quickly, (2) with sperm whales, its major use is in the tracking of lone animals while they are diving at great depths, enabling the catcher to be in the right place when they eventually surface.” This pattern noted in baleen whales was precisely the reaction observed by Nowacek et al. (2004) when they played a synthetic alerting stimulus to North Atlantic right whales. Tens of thousands of large whales were killed with greater efficiency and faster with ASDIC. 

Brownell also noted that mass strandings are often preceded by ‘milling’ events, where a group of normally pelagic small cetaceans enter shallow water and circle continually or move haphazardly in a tightly packed group. SC/57/E16 recommended that the work by Touhey (2003) who reported using the combination of herding with small vessels and acoustic deterrents to prevent milling events from becoming stranding events be expanded to other regions where ‘milling’ events are known to occur. In addition, efforts are needed to document these efforts by a scientific team independently from the rescue team. The SWG agreed that this work is important, and strongly recommended that it be expanded. 

One member asked whether there was anything about the properties of the ASDIC sounds (intensity, duration, frequency) that results in the observed responses. Others noted that information on ASDIC/sonar sources (including inter alia, frequency, source level and power spectra) is likely

available, although it may be difficult to obtain, especially for sonars from the early years (i.e., 1940s and 1950s). The SWG urged that detailed information on acoustic sonars be obtained whenever possible because all sonars are not the same. This holds true as well for seismic surveys. Detail on the type, number and configuration of airguns is needed to evaluate source capabilities. 

The issue was raised whether other high-intensity sound sources (depth sounders, fish and krill detection equipment) might also affect whale behaviour in ways which may impact sighting surveys (e.g., altering surfacing behaviour, altering sighting cues or responsiveness to survey vessels). It was suggested that noting source level, frequency range and operation periods of such equipment used during sighting surveys may help to address such issues. Guidelines for use of such equipment might be necessary in particular if frequency ranges overlap those utilised by cetaceans. 

SC/57/WW3 summarised several published over the last year related to whalewatching impacts, for which noise is a major component. The studies are covered in detail in the Whalewatching subcommittee report (Annex M), but some of the documented effects include increased swim speeds, habitat displacement, and also reduced reproductive success. 

Following last year’s recommendations and the preceding discussion, a two day pre-meeting workshop assessing the potential for seismic surveys to impact cetaceans was proposed for SC/58. The workshop should review and characterize information on seismic sound sources, attenuation and their effects on cetaceans as well as review relevant case studies and current mitigation and monitoring strategies. A Steering Committee was formed and Rosenbaum was appointed as convener (Appendix 3). The Committee strongly endorses the pre meeting workshop and agrees to the terms of reference. 

1 An ‘atypical mass stranding event’ is defined for the purposes of this document as follows: ‘whales mass strand at approximately the same time but not in the same location (JCRM 7 (Supplement), p. 272)’. 

2 A milling event is defined for the purposes of this document as follows: ‘a group of normally pelagic cetaceans enters shallow water and begins to circle continually or move about haphazardly in a tightly packed group, with an occasional member breaking away and swimming toward the beach.

3 The purpose, role, operations and impacts from academic seismic surveys will also be considered and discussed 

Appendix 1, p. 27-30

SOCER 2005

(State of the Cetacean Environment Report)

Noise impacts section

ACCOBAMS passes resolution on noise 
At the Second Meeting of the ACCOBAMS Contracting Parties, which was held between 9-12 November 2004, in Palma de Mallorca, Spain, a resolution was passed that urged all to “avoid the use of man made noise in habitat of vulnerable species and areas where marine mammals or endangered species may be concentrated” and for noise-producing activities to only proceed with “special caution” in areas where there may be beaked whales. The resolution also charged the ACCOBAMS Scientific Committee to develop “a common set of guidelines on conducting activities known to produce underwater sound with the potential to cause adverse effects on cetaceans”, including military sonar, and also called for “extreme caution” when conducting noise-producing activities in the Mediterranean and Black Seas. 

(SOURCE: ACCOBAMS. 2004. Resolution 2.16. Assessment and impact assessment of man-made noise. 2nd Meeting of the ACCOBAMS Contracting Parties, 9-12 November2004, Palma de Mallorca, Spain, http://www.accobams.mc/Accob/Wacco.nsf/0/491fb7e7d4267c0cc1256f7e004b4ec8/$FILE/ 

E%20Res%202.16.pdf) 
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Vulnerable animals may not react to human disturbance 
Recent research into the disturbance reactions of birds may have implications for the observation of noise-related effects on marine mammals. In an experiment in which turnstones were given supplementary levels of food (controls were not manipulated), these birds showed a greater response to human disturbance, including greater displacement as the result of anthropogenic activity. The implication is that animals that are better fed, or in better condition, can stop feeding sooner and move farther from habitats when disturbed than animals that are in marginal condition. The researchers point out the need to consider the animals that are at greatest risk, rather than the animals that show the greatest reaction, when evaluating human disturbance, i.e., less response to anthropogenic activities does not necessarily mean less impact on animals. It may be more relevant to examine stress and resource use rather than behavioural responses as a measure of vulnerability. 

(SOURCE: Beale, C.M. and Monaghan, P. 2004. Behavioural responses to human disturbance: a matter of choice? Anim. Behav. 68: 1065-1069) 

Dolphin whistling rates increase when boats approach 
In Sarasota, Florida, bottlenose dolphins were estimated to encounter a boat within 100 m every 6 minutes during the daytime. Animals produced signature whistles more frequently when a boat approached. It was suggested that these whistles reflect heightened arousal, or bring groups together. The study also noted that jet-driven watercraft were quieter than conventional boats, and idling and ploughing boats were quieter than planing boats. 

(SOURCE: Buckstaff, K.C. 2004. Effects of watercraft noise on the acoustic behaviour of bottlenose dolphins, Tursiops truncatus, in Sarasota Bay, Florida. Mar. Mamm. Sci. 20: 709-725) 

Exposure to noise caused retarded development in hearing centres of brain 
A study investigating brain development in rats noted that animals reared in an environment where they were continuously exposed to moderate levels of noise displayed retarded development of auditory centres of the brain. The researchers note that if this were the case for humans, children reared in a noisy environment could exhibit hearing and linguistic difficulties. If a similar effect occurred in cetaceans, the increasing levels of anthropogenic background noise in the oceans could cause retardation in brain development for functions that are essential to cetacean survival. 

(SOURCE: Chang, E.F. and Merzenich, M.M. 2003. Environmental noise retards auditory cortical development. Science 300: 498-502) 

Beaked whale mass stranding linked to sonar in the Canary Islands 
In July 2004, an ‘atypical’ mass stranding of four Cuvier’s beaked whales occurred in the Canary Islands. There have been at least four mass strandings of beaked whales that have been associated with military exercises conducted near the Canary Islands (1985, 1986, 1987 and 2002). The 2004 mass stranding event coincided with the naval exercise ‘Majestic Eagle’, which was conducted 100 km to the north of the islands in the week prior to the beaked whale carcasses being discovered. Fat emboli, i.e., lesions associated with decompression sickness that have been associated with sonar-linked strandings, were found in the tissues of three of the whales. 

(SOURCE: Espinosa, A., Arbelo, M., Castro, P., Martín, V., Gallardo, T. and Fernández, A. 2005. New beaked whale mass stranding in Canary Islands associated with naval military excercises (Majestic Eagle 2004). In: 19th Annual Conference of the European Cetacean Society and Associated Workshops, 2-7April 2005, La Rochelle, France, p. 95. European Cetacean Society, La Rochelle.; Fernández, A., Mendez, M., Sierra, E., Godinho, A., Herráez, P., Espinosa De Los Monteros, A., Rodríguez, F. and Arbelo, M. 2005. New gas and fat embolic pathology in beaked whales stranded in the Canary Islands. In: 19th Annual Conference of the European Cetacean Society and Associated Workshops, 2-7April 2005, La Rochelle, France, p. 95. European Cetacean Society, La Rochelle) 

European Parliament Resolution on noise and sonar 
On 28 October 2004, the European Parliament passed a resolution that called on the Commission and Member States to: 

• “adopt a moratorium on the deployment of high-intensity active naval sonars until a global assessment of their cumulative environmental impact on marine mammals, fish and other marine life has been completed”; 

• “immediately restrict the use of high-intensity active naval sonars in waters falling under their jurisdiction”; 

• “monitor and investigate in a transparent manner mass strandings and deaths of marine mammals in EU waters that are associated with the use of intense anthropogenic noise”; 

• “conduct a study of the potential impact on the marine environment of the deployment of high-intensity active naval sonars and to provide an assessment, on the basis of information from the Member States, of the impact of current practices in European waters”; 

• “set up a Multinational Task Force to develop international agreements regulating noise levels in the world’s oceans, with a view to regulating and limiting the adverse impact of anthropogenic sonars on marine mammals and fish”. 

Also the European Parliament stated it “[c]onsiders that any measures to introduce common standards and cooperation in the defence industry field must exclude and actively seek alternatives to technologies which are likely to cause unnecessary and serious damage to the environment and other Community interests, such as, in this case, fisheries”. 

(SOURCE: European Parliament resolution on the environmental effects of high-intensity active naval sonars [B6-0089/2004]), http://www.animalwelfare.com/whales/news/EU%20Sonar%20Resolution% 2010-2004.pdf) 

IUCN Resolution calls for reduction and regulation of underwater noise 
At the 3rd IUCN Congress, a resolution on underwater noise was passed that called for: 

• The IUCN Director General and IUCN members to identify and implement measures to reduce anthropogenic noise in the world’s oceans; 

• Members to conduct further research on the effects of anthropogenic underwater noise on marine wildlife and how to mitigate these effects; 

• Members to recognise that conservation measures should not be postponed due to a lack of full scientific certainty; 

• The World Commission on Protected Areas (WCPA) to consider anthropogenic noise when working on the designation and management of marine protected areas; 

• The Commission on Environmental Law (CEL) to make recommendations on the international regulation of underwater noise; 

• The development of alternative technologies to reduce marine noise impacts; 

• Restricting the use of military sonar to low-risk areas and work towards regulation of its use. 

(SOURCE: IUCN 2004. CGR3. RES053-REV1. Undersea Noise Pollution. 3rd IUCN Congress, 17-25 November 2004, Bangkok, Thailand) 

Cetacean ‘milling event’ in Hawaii linked to military activities 
At 0730hrs on 3 July 2004, approximately 200 melon-headed whales were found milling in shallow water in Hanalei Bay, Kauai, Hawaii. Coincident with this event, the US Navy, along with Japanese vessels, was conducting manoeuvres, with active sonar in use, in waters near the island. One whale eventually stranded. This is the first record of this species coming inshore coincident with the use of military sonar. 

(SOURCE: Kaufman, M. 2004. Sonar used before whales hit shore. Washington Post 31 August 2004: A3) 

Multi-species mass stranding in North Carolina linked to military activities 

Between 15 and 16 January 2005, 31 short-finned pilot whales, one common minke whale, and two pygmy sperm whales stranded in the Outer Banks area, North Carolina. Coincident with the stranding, six US Navy vessels were operating off Norfolk, Virginia. Although the US Navy stated “no Navy ships were using active sonar within a 50 nautical miles radius” of the area, one naval vessel did use sonar for seven minutes about 90 nautical miles southeast of the stranding area. The US Navy is currently considering locating a sonar testing range in the waters off North Carolina. This is yet another multi-species cetacean stranding event that has been linked to military sonar use. 

(SOURCE: Kaufman, M. 2005. Whale stranding in N.C. followed Navy sonar use. Washington Post 28 January 2005: A3) 

Riverine Irrawaddy dolphins show greater reactions to boat traffic 

Coastal and riverine Irrawaddy dolphins decreased surfacing in reaction to the presence of boats. This reaction was more pronounced in riverine animals. While coastal animals only demonstrated reactions to speedboats, riverine animals also showed reactions to motorised canoes and tug boats. Distances at which reactions were caused were also greater for riverine animals (250-300 m) than coastal animals (50 m). Concern was expressed that boat traffic may be a particular problem for riverine dolphins. 

(SOURCE: Kreb, D. and Rahadi, K.D. 2004. Living under an aquatic freeway: effects of boats on Irawaddy dolphins (Orcaella brevirostris) in a coastal and riverine environment in Indonesia. Aquat. Mamm. 30: 363-375.) 

Acoustic harassment devices produce high source levels and cetacean-used frequencies in field 

Acoustic harassment devices (AHDs or seal scrammers) have been highlighted as a source of anthropogenic sound that may disturb or displace cetaceans, particularly harbour porpoises. A recent study evaluated the source levels of three common varieties of AHDs within an open water setting. Peak source levels ranged up to 193 dB re 1 μPa with mid to high frequency (1.8 kHz – 103 kHz) components. The frequencies used in these devices coincide with frequencies used by many cetacean species and at levels that would be likely to cause at least behavioural disturbance and possibly habitat displacement. This emphasises that users of AHDs should consider the unintended impact of these devices on cetaceans. 

(SOURCE: Lepper, P.A., Turner, V.L.G., Goodson, A.D. and Black, K.D. 2004. Source levels and spectra emitted by three commercial aquaculture anti-predation devices. In Proceedings of the Seventh European Conference on Underwater Acoustics, ECUA 2004, Delft, The Netherlands, 5-8 July, 2004) 

Seismic surveys implicated in giant squid deaths 

Concerns have been raised that high rates of giant squid strandings on the northern coast of Spain, adjacent to the Bay of Biscay, may be linked to seismic surveys. Nine giant squid have stranded in this area coincident with seismic surveys, five within a 10-day period in 2001 and four within one week in 2003. All the squid showed evidenced of acoustic trauma, and some with other internal tissue damage. This finding is particularly relevant to cetaceans, as large squid are important prey species of sperm and beaked whales. In addition, the Bay of Biscay is one of the most important habitats for cetaceans in southern Europe, especially beaked whale species. 

(SOURCE: MacKenzie, D. 2004. Seismic surveys may kill giant squid. New Sci. 184(2467): 15) 

Sperm whales show signs of decompression sickness 

Examination of sperm whale bones collected over a 111-year time span showed routine osteonecrosis, increasing with age, a symptom in humans of decompression sickness (the ‘bends’). This indicates that sperm whales are neither anatomically nor physiologically immune to the effects of deep diving. The authors suggest that recent reports of decompression-like sickness in another deep-diving taxon (beaked whales) in the presence of anthropogenic sound sources could therefore be a result of the animals’ decompression sickness-avoidance behaviour being overridden by extended periods at the surface to escape the noise. 

(SOURCE: Moore, M.J. and Early, G.A. 2004. Cumulative sperm whale bone damage and the bends. Science 306: 2215) 

Biologically significant effects of noise: recommendations 

To address concerns about marine mammal populations and ocean noise, the report of the US National Research Council’s Committee on Characterizing Biologically Significant Marine Mammal Behavior made several recommendations, including: 

• Developing a centralized database of marine mammal sightings and the mammals’ responses to anthropogenic sound. Surveys should use standardised formats to allow comparison of data, and include track lines, with all data entered into the database to be assessed for quality; 

• Developing a conceptual model to assess the impacts of acoustic activities on marine mammals, with an appropriate sensitivity analysis of the model to identify data needed and to focus research on acquiring the required data; 

• The use of glucocorticoid and other blood hormone levels to assess stress in marine mammals, and to investigate the effect of age, sex and condition differences. The use of faecal samples to assess stress levels was recommended; 

• Analysing in detail cetacean populations for which there are long-term data sets and develop a set of both individual-based and demographic models; 

• Develop a practical process though which acoustic activities can be assessed to determine whether there will be an adverse effect on marine mammals, which should ideally be precautionary, capable of reassessing risk estimates as data improve, consider the cumulative effect of multiple low-level effects, and be composed of a few easy-to-estimate parameters; 

• A better process to fully consider cumulative impacts and total mortality/losses from all sources. 

(SOURCE: National Research Council. 2005. Marine Mammal Populations and Ocean Noise: Determining When Noise Causes Biologically Significant Effects. National Academies Press, Washington, D.C.) 

Offshore windfarms could have significant noise impacts 

A study funded by the Crown Estate (a UK statutory authority) investigated the possible effects on cetaceans and marine fish from noise and vibrations of offshore windfarms. The study report determined that there would be significant effects during construction, notably during pile-driving. Disturbance reactions (avoidance) would be likely to a distance of several kilometres and severe acoustic trauma was possible within 100 m of a site. 

(SOURCE: Nedwell, J. and Howell, D. 2004. A review of offshore windfarm related underwater noises. Report 544 R 0308. Subacoustec, Southampton; Nedwell, J., Langworthy, J., and Howell, D. 2003. Assessment of sub-sea acoustic noise and vibration from offshore wind turbines and its impact on marine wildlife; initial measurements of underwater noise during construction of offshore windfarms and comparison with background noise. Report 544 R 0424. Subacoustec, Southampton) 

Mass strandings in the Galápagos – a possible link to noise 

A review of cetacean strandings and discovered remains on the Galápagos Islands documented two Cuvier’s beaked whale and two short-finned pilot whale mass strandings. Remains of multiple individuals found in the same location also suggest that there have been mass strandings of false killer whales, pantropical spotted dolphins, common bottlenose dolphins and additional mass strandings of pilot whales. One of the beaked whale strandings occurred on 11 April 2000 and was coincident with seismic surveys being conducted by the Maurice Ewing research vessel, although the vessel was 270 nautical miles away from the stranding location. The authors postulated that other mass strandings on the Galápagos may be linked to anthropogenic noise, as well as other anthropogenic causes. 

(SOURCE: Palacios, D.M., Salazar, S.K. and Day, D. 2005. Cetacean remains and strandings in the Galápagos Islands, 1923-2003. Latin. Amer. J. Aquat. Mamm. 3: 127-150) 

Pollutant (TBT) may cause hearing loss 

Concentrations of TBT have been linked to hearing-inhibiting effects in the inner ear of mammals. Researchers have shown particular concern for the implications for cetaceans: “Notably, this observation identifies a new environmental threat for marine mammals by TBT, which is known to accumulate in the food chain”. TBT contamination has been highlighted as being an issue for concern in cetaceans, and hearing loss associated with this pollutant could have impacts with respect to whales detecting shipping traffic, the cumulative impact of noise in the oceans and ultimately biologically significant effects on the ability of cetaceans to communicate and detect prey. 

(SOURCE: Song, L., Seeger, A. and Santos-Sacchi, J. 2005. On membrane motor activity and chloride flux in the outer hair cell: lessons learned from the environmental toxin Tributyltin. Biophys. J. 88: 2350-2362) 

Shipping noise symposium report 

The first international symposium on ‘Shipping Noise and Marine Mammals’ was held on 18-19 May 2004 in Arlington, Virginia, U.S.A. This meeting brought together representatives of various ocean industries, academia and other research organizations, government and military personnel, and non-governmental organizations to address, for the first time, the issue of shipping noise and its impact and influence on the marine environment. The main purpose of the meeting was to initiate discussion on what information is available and needed concerning sounds produced by large ships and other vessels and their potential impacts on marine mammals. The issue will only become more urgent – the world’s shipping fleet continues to increase in size (number and overall tonnage) and an approximate doubling in the number of large vessels is expected in the next two or three decades. While the relative contribution of sounds from various vessel types to overall ambient noise and their possible impacts on marine life remain largely unknown, quieting technologies do exist and are being further developed by the military and industry. At the conclusion of the meeting, a steering committee was formed to plan a proposed follow-on symposium. 

(SOURCE: National Oceanic and Atmospheric Administration. 2005. Shipping Noise and Marine Mammals: A Forum for Science, Management and Technology. Final report of the National Oceanic and Atmospheric Administration, Washington. D.C.) 

Seismic survey noise travels farther in shallow water 

Modelling of the sound propagation of seismic airgun noise predicted noise levels of 160dB re 1µPa at 9 km from a 20-gun array (6.5 km for a 10-gun array). For 180 dB the range was just below one kilometre (0.95 km for a 20-gun array; 0.83 km for a 10-gun array). When field measurements were made in deeper water (>300 m), however, 160dB was measured at approximately 2.5 km, whereas in shallow water, 160dB was received at greater distances than predicted (at least 12 km from the array). This paper illustrates the potential noise levels produced from a research vessel conducting seismic surveys, and illustrates the importance of in-field verification of noise levels, and how these may differ substantially from those estimated by predictive models. 

(SOURCE: Tolstoy, M., Diebold, J.B., Webb, S.C., Bohnenstiehl, D.R., Chapp, E., Holmes, R.C. and Rawson, M. 2004. Broadband calibration of R/V Ewing seismic sources. Geophys. Res. Lett. 31: L14310) 

Mass stranding in Florida linked to military activities 

At the beginning of March 2005, nearly 80 rough-toothed dolphins stranded in the Florida Keys. The mass stranding was coincident with a US Navy submarine exercise in the area. The submarine in question was said to be using two types of active sonar. This is yet another stranding event coincident with a military exercise, involving a pelagic cetacean species not previously observed to strand coincident with acoustic activity. 

(SOURCE: Washington Post. 2005. Dolphin troubles may be related to sonar. Washington Post 11 March 2005: C12) 
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SEISMIC SURVEYS AND THEIR POTENTIAL IMPACTS TO CETACEANS: A PROPOSED PRE-SC MEETING WORKSHOP

FOR THE ENVIRONMENT SUB-COMMITTEE AT SC58
Tentative dates: May 20-21, 2006 
Rationale and justification 
Marine seismic surveys are carried out to identify the geological structures indicative of potential oil and gas deposits below the seabed or for monitoring of reservoirs after production is underway3. High intensity sound pulses (termed “shots”) are produced by airguns (usually in series) near the surface, and are directed through the water and into the seafloor where they are reflected by geological discontinuities. The horizontal sound fields produced by airgun arrays have potential to impact cetaceans. Received levels a few kilometres from the source can exceed160 dB, and behavioural responses by cetaceans have been shown to occur tens of kilometres from the source (McCauley, 2000 a,b). However, many aspects of the horizontal sound field from airgun arrays are still not well described. 

The potential for seismic surveys to impact cetaceans is a cause of concern. Reactions of cetaceans to underwater noise and other human-related activities are highly variable, and may range from no detectable response to active avoidance or direct displacement (reviewed in Richardson et al., 1995 but see Weller et al. 2002). The longer-term and cumulative effects of noise and disturbance related to seismic surveys are unknown. An apparent tolerance (habituation) to noise does not necessarily indicate that there are no deleterious effects. 

The scientific and conservation community has expressed concerns about the potential effects on whale populations and other cetaceans due to noise exposure from seismic surveys. Potential impacts of seismic surveys on cetaceans include but are not limited to behavioural, auditory, stress-related response, and long-term/cumulative effects at the individual and population level. Of equal concern is the general lack of effective mitigation and monitoring during planning, operations, and close-out phases. 

A two-day pre-meeting workshop is proposed to address these concerns as part of the Environment Sub-Committee at SC58 (JCRM 7, Suppl., 2005, Annex K). The workshop is timely, as these issues are being raised among national US and UK management organizations (MMC and JNCC) and at other regional scales. The Scientific Committee is in a position to synthesize and evaluate the relevant information on this issue and provide the appropriate recommendations. The workshop will take place as an SC58 pre-meeting workshop, and the report will be presented and discussed as part of the Environmental Concerns sub-committee during the SC. 

Importance and timing 
The hydrocarbon industry is expanding and accelerating studies to address potential impacts to marine life from sounds associated with offshore seismic surveys. 

A significant planning effort by the International Association of Oil and Gas Producers (OGP) is underway to implement a research program to better understand various technical aspects of potential impacts to marine life. 

The first workshop organized by the Joint Industry Project (JIP) on Sound and Marine Life of the OGP on this issue will take place in September 2005. 

The ‘Seismic Workshop’ should occur at SC 58 in order to 1) factor in contributions to the JIP process before that process is already completed, and 2) make priority recommendations to provide information to the IWC and the JIP concerning shortfalls and gaps in scientific knowledge so that the most effective research program can be designed. 

With expansion of seismic surveys in the Gulf of Guinea (Smith, 2004) and the regional E&P industry aimed at further discussion on seismic issues, the recommendations from the ‘Seismic pre-meeting’ at SC 58 are essential for a second regional E&P industry, OGP, and IAGC meeting. It is essential the SC58 pre-meeting workshop before the stated significant expansion of exploration begins. 

Statements and Recommendations from SC 56 in 2004 (JCRM 7, Suppl., 2005, Annex K) 
Members of the SWG presented evidence demonstrating specific and growing concerns about from exposures to seismic airguns. As a result, the SWG recommends that noise remain a priority topic on future SWG agendas. 

The Scientific Committee noted with great concern the impact on large whales in critical habitats of exposure to seismic sound pulses, particularly with respect to severely threatened populations such as the western gray whale and several breeding grounds for humpback whales. 

The potential for effects of sounds or synergy with non-acoustic anthropogenic stressors, as found in other taxa, was recognized and has not been covered in other workshops (but will be covered by the IWC SC 58 pre-meeting). 

Given the potential impacts of seismic surveys to cetaceans, as well as the expanded areas of future activity, the SWG recommended a workshop on the impacts of seismic exploration (including both industrial and academic activities) at the 2006 Scientific Committee meeting. 

Terms of Reference 
Given the extent of seismic surveys around the world (industry and non-industry) and the concern for impacts on cetaceans at the individual and population levels, the Scientific Committee needs to inform the Commission of the potential risks to cetaceans, to support science-based management decisions can be made. The initial terms of reference for this workshop are

· Review and characterize information on seismic sound sources, attenuation, and their effects on cetaceans. 

· Review case studies where on-going seismic surveys overlap with cetacean distribution in critical habitats and wide-ranging areas (i.e. migratory paths). 

· Review and evaluate effectiveness of current mitigation and monitoring programs during planning, operational, and close-out phases of seismic surveys. 

· Discuss potential impacts for cetaceans (#1,2) and recommended/needed changes in mitigation and monitoring during all phases of seismic surveys (#3). 

Draft Agenda: 

A series of invited presentations (working titles and authors shown below) and invited and submitted papers will be presented and discussed. 

Session 1-Review of Seismic Surveys and Potential Impacts to Cetaceans 

Overview of Seismic Survey sources and need for acquisition and re-acquisition—Jack Caldwell, (Geophysical Contracting Consultant, Houston, TX) 

Propagation/Attenuation Characteristics in relation to ambient noise—Charles Greene (Greenridge Sciences, Inc., Santa Barbara, CA) 

Behavioral response in cetaceans to anthropogenic noise with emphasis on seismic surveys—Doug Nowacek (Florida State University, Tallahasse, Florida) 

From Individuals to Populations: Evaluating potential cumulative impacts of seismic sources on cetacean reproductive rates--Linda Munson (UC Davis, Davis, CA). 

Overview of Global Seismic (Industry and academia)—John Hildebrand (USCD-Scripps, La Jolla, CA) 

Effects on cetaceans at the larger spatial and temporal scales: Seismic surveys in critical habitats and wide-ranging marine environments--Chris Clark (Cornell University, Ithaca, NY). 

Session II-Case Studies 

Western Gray Whales off Sakhalin Island, Russia—Dave Weller et al. (SWFSC, NOAA and others) 

Humpback whales and other vulnerable cetaceans in the Gulf of Guinea, West Africa—Ken Findlay (Cetus Projects, South Africa) and Howard C. Rosenbaum (Wildlife Conservation Society, New York) 

Migrating bowhead whales in the Beaufort Sea—To be named 

Session III-Science-based approaches to mitigation and monitoring: Planning, Operation and Close-out Phases 

Current mitigation and monitoring strategies: Approaches, Strengths, and Weaknesses —Rob McCauley (Australia) 

The need for baseline information on cetacean distribution and role of predictive modelling--Andy Read or Pat Halpin, (Duke University, NC) 

Session IV-Breakout and Discussion Groups/Recommendations 

1) A critical evaluation of mitigation and monitoring programs and recommended changes. 

2) Implications of seismic surveys (and cumulative noise) on cetacean populations. 

Potential Solicited Papers include, but not limited to: 

Seismic surveys and cetacean distribution off the coast of Brazil 

Review of academic seismic surveys and impacts to cetaceans 

Budget 

For eight invited participants (assuming Industry support for Caldwell attendance), the total cost required for the pre-meeting workshop is estimated at $11,000 USD. 

Steering Committee 

Ken Findlay 

Sue Moore 

Lorenzo Rojas 

Howard Rosenbaum (chair) 

Teri Rowles 

Mark Simmonds 

Rob Williams 
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