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ABSTRACT 
 
There is considerable worldwide variation in the mitigation measures implemented to protect marine 
mammals during geophysical seismic surveys.  The criteria used for determining mitigation measures, 
and the similarities and differences in regional guidelines, are discussed.  Suggestions are made 
towards developing a worldwide standard for marine mammal mitigation during seismic surveys.  
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INTRODUCTION 
 
The potential acoustic impact upon marine mammals from the seismic airguns used during oil and gas 
exploration has not been addressed on a worldwide scale.  However, the regulatory agencies of some 
countries have included marine mammal mitigation measures within their oil and gas licensing 
agreements, aimed at reducing impacts from seismic airgun sound.  In 1998, the UK’s Joint Nature 
Conservation Committee (JNCC) was the first regulatory body to implement regional statutory marine 
mammal mitigation measures for seismic surveys (JNCC, 1998).  Australia’s Department of 
Environment and Heritage (formerly Environment Australia) followed in 2001 (Environment Australia, 
2001), and a small number of other countries have since developed guidelines (or are in the process of 
doing so).  Most of these statutory guidelines have been implemented by developed countries for use in 
their own waters, and are not required during the large number of seismic surveys occurring in the 
waters of developing countries or elsewhere worldwide. 
 
This paper reviews the marine mammal mitigation measures presently used during seismic surveys, 
assesses their effectiveness, and makes recommendations for standard worldwide guidelines.  The 
development of regional guidelines is a continually evolving process, and this review is based on the 
best information available for each region at the time of drafting.  We also acknowledge that guidelines 
are currently being developed in other areas (e.g. Alaska), however these guidelines were not available 
at the time of drafting this paper. 
 
EXISTING MITIGATION MEASURES 
 
There are three main methods currently used to mitigate the potential impacts on marine mammals 
during seismic surveys: (1) implementation of operational procedures (e.g. ‘soft start’ – where sound 
levels are gradually increased over time); (2) detection of animals close to airguns and implementation 
of real-time mitigation measures (e.g. shut-down), and (3) time/area planning of surveys to avoid 
marine mammals.  It is important to note that detection of animals via real-time monitoring, while not a 
mitigation measure per se, is an essential component of marine mammal mitigation during seismic 
surveys and is therefore discussed throughout this paper in a mitigation context. 
 
The mitigation measures in use worldwide are summarised in Table 1 (which also identifies the sources 
of information used in this chapter). 
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Operational procedures 
Soft start 
Common to all mitigation guidelines worldwide (Table 1) is the requirement for a soft start or ‘ramp-
up’.  Soft start incorporates a gradual build-up of airgun sound level over time, with the aim of warning 
marine mammals and allowing them to depart the area of a seismic survey before sound levels peak.  In 
most regions it is stated that soft start should have at least 20 min duration and, in some regions, an 
upper limit of 40 to 45 min is also provided to attempt to minimise airgun disturbance.   
 
Minimising airgun sound propagation 
The guidelines for the UK, Brazil, California, Sakhalin and New Zealand emphasise the requirement to 
use airgun arrays of lowest practicable volume throughout.  In the UK and New Zealand it is also 
requested that operators minimise unnecessary high frequency sound and in Sakhalin it is required that 
operators configure the airgun array to minimise horizontal sound propagation.  
 
Restrictions on airgun use 
Due to the ineffectiveness of visual monitoring at night there are varying requirements for using 
airguns during darkness.  These range from the continued use of airguns with no mitigation measures 
(UK), the use of night-vision binoculars to carry our short-range visual monitoring (Australia and 
California), the use of passive acoustic monitoring in sensitive areas (Canada) and the use of a 
‘warning’ small volume airgun throughout night-time line changes (Gulf of Mexico, California, Brazil 
and New Zealand).  The Californian guidelines include the possibility that airguns may operate only 
during daylight hours.  In most regions it is stated that airguns should be shut-down completely (and a 
visual watch maintained) during daylight line changes.  However in New Zealand and California it is 
recommended that a small airgun is active throughout all line changes.   
 
Operational shut-downs 
Seismic vessels occasionally need to stop firing airguns for operational reasons including noise 
recordings, maintenance and repairs.  In most regions a period of acceptable shut-down has been stated, 
for which a full soft start would not be required.  In the UK and Brazil the permitted period is five min.  
The Gulf of Mexico and New Zealand permit a 20 min shut-down, while Canada allows the longest 
shut-down at 30 min.  The California and Sakhalin guidelines state that soft start is required following 
every power down of the source.   
 
Detection and mitigation procedures 
Visual detection 
Visual monitoring is the primary (and usually sole) method of animal detection in all regions (Table 1).  
Notwithstanding external influences (such as weather conditions), the efficacy of visual detection 
depends on factors including the number of marine mammal observers (MMOs) present, their 
experience, the regularity of their breaks, their dedication, their objectivity (crew member or 
independent consultant), their enthusiasm, and their level of training.  The guidelines vary in their 
stated requirements for MMOs.  Those with stated shut-down procedures should require several MMOs 
to ensure effective monitoring throughout all daylight hours.  This is the case in California, Brazil, the 
Gulf of Mexico and Sakhalin (Table 1) where at least two dedicated and trained MMOs must be on 
watch throughout the day.  However Australia and Canada do not require an MMO to be on watch all 
daylight hours despite the prevailing shut-down policy.  Most regions accept the use of trained crew 
members to carry out MMO duties, with the exception of sensitive areas where experienced biologists 
are requested.  The only regions where it is stated that a professional, experienced, dedicated and 
trained MMO is required for all surveys are California and Brazil.  While most regions require a visual 
watch 360º around an airgun source prior to use, Australia appears to require visual observations only 
forward and abeam of the survey vessel.   
 
Species for which mitigation applies 
The UK, California, Brazil, New Zealand and Sakhalin include all marine mammal species within the 
mitigation measures (to varying extents).  In Australia, the Gulf of Mexico and Canada, mitigation 
measures apply only to whale species and exclude dolphins, porpoises and pinnipeds.   
 
Exclusion zone 
The exclusion zone (EZ) (or ‘safety zone’) is usually defined as the radius around an airgun source 
within which real-time mitigation measures are implemented if animals are detected.  The UK, the Gulf 
of Mexico and Canada designate a 500 m EZ for all mitigation measures.  Australia has the largest 
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designated EZ at 3000 m.  In Brazil, the 500 m EZ is used for airgun shut-down, but a more 
precautionary 1000 m EZ is used for delays to soft start.  In New Zealand, a 200 m EZ is used to delay 
soft start for most marine mammals, but for stated species of concern a 1500 m EZ is used for delays 
and a 1000 m EZ for shut-downs.  In Sakhalin a 250 m EZ has been designated for pinnipeds, while a 
standard 1000 m EZ is used for cetaceans.  However where feeding groups of western gray whales are 
observed, an EZ of 6–7 km may be implemented (SEIC, 2005).  In California the EZ is defined as the 
‘radius of received sound levels believed to have the potential for at least temporary hearing 
impairment’, and is calculated on a survey-specific basis according to the calculated radius of the 180-
dB radius around the source (HESS, 1999).   
 
Pre-shoot watch 
The pre-shoot watch (the watch carried out for marine mammals prior to starting up the airgun source) 
is required to be at least 30 min in all regions, with the exception of Australia where a 90 min pre-shoot 
watch is required (Table 1).   
 
Soft start delay 
A delay to commencement of airgun operation if relevant marine mammal species are observed within 
the EZ during the pre-shoot watch is a standard mitigation measure applied in all regions.  In Australia, 
the Gulf of Mexico and Canada, mitigation measures apply only to whales and airgun use is permitted 
when dolphins, porpoises or pinnipeds are within the EZ.  After implementing delays, it is generally 
stated that airguns may not be activated until the animal is observed to depart the EZ (however it is 
unclear in some guidelines whether a further clearance delay is required or whether the soft start can 
commence immediately that animals depart the EZ) or, if it submerges and is not detected again, until a 
designated time after it was last observed within the EZ (30 min in most regions).   
 
Shut-downs (stop work procedure) 
Most regions require a shut-down of the airguns whenever designated species approach within the EZ.  
The exception is the UK, where no shut-down procedure is required on the basis that animals ‘choose’ 
to approach active airguns of their own accord (JNCC, 2004).  In Brazil, California and Sakhalin shut-
down occurs for all marine mammal species, while only whales warrant shut-down in Australia and the 
Gulf of Mexico.  In Canada and New Zealand, shut-downs are requested only for stated species of 
concern.  New Zealand is the only region for which a larger shut-down EZ is designated when species 
of concern are accompanied by calves.  When shut-downs occur, all regions request a 20–30 min delay 
in gun use following the observation, or a delay until the animal is observed outside of the EZ (again it 
is often unclear whether airguns can then resume immediately or whether a further 30 min clearance 
period is required).  Most regions also require a full soft start procedure following marine mammal 
shut-downs.  However it is unclear whether subsequent soft start is a requirement in all guidelines, 
particularly in regions where airgun operations are permitted to resume immediately that an animal 
departs the EZ and the total shut-down period may be relatively short.  For example, Canada states that 
a soft start is only required for marine mammal shut-downs exceeding 30 min, and this may also be the 
case in other areas. 
 
Passive Acoustic Monitoring (PAM) 
Although most guidelines acknowledge the potential value of real-time passive acoustic monitoring 
(listening for vocalising animals) for mitigation, it is not yet a mandatory procedure in any region.  
However, PAM may be recommended by the regulating body as a back up to visual observation in 
some sensitive areas, particularly deep water areas where sperm whales are expected to occur (e.g. west 
of Scotland in the UK (JNCC 2004)).  There are some specific mitigation measures relating to PAM in 
the UK, the Gulf of Mexico and Canada.  In the UK, a delay to airgun use is required if marine 
mammal sounds are detected within 500 m of the source based on (a) software estimates or (b) 
judgement of the PAM operator.  Canada implements a similar delay to soft start when PAM is used, 
but applied only to selected whale species.  In the Gulf of Mexico, the use of PAM at night (or poor 
visibility) allows soft start to commence when it would otherwise require visual monitoring or the 
continued use of a small airgun.   
 
Avoidance of sensitive areas 
Most regional guidelines loosely define sensitive areas as breeding, feeding or migration habitat for 
marine mammals.  While many guidelines request more stringent mitigation procedures within such 
areas and suggest planning surveys to avoid sensitive times/areas, the only regions for which seismic 
survey closed seasons appear to be clearly defined and implemented are Brazil where prohibited areas 
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exist for breeding humpback (Jul–Nov) and southern right whales (Jun–Dec), nesting areas for marine 
turtles (Oct–Feb) and manatee habitat (Sep–May, some areas permanently closed) (reported in 
Brazilian Environmental Licensing Guide (IBAMA, 2005a)), and Australia where the Marine Mammal 
Protection Zone in the Great Australian Bight is permanently closed due to the sensitivity of southern 
right whales and Australian fur seals (Dolman, 2006). 
 
SEISMIC GUIDELINE LIMITATIONS 
 
Operational procedures 
Soft starts 
Although the soft start procedure is the most widely used seismic mitigation measure and, in some 
areas, comprises the sole measure used at night, its effectiveness for at least some species has been the 
subject of considerable debate.  Beyond this basic shortcoming, the practice is also limited by certain 
limitations in its application.  The existing guidelines on how to operate a soft start are ambiguous and 
state only that power should be built up slowly over time e.g. starting with the smallest airgun in the 
array and gradually adding in others over 20 min.  Only in the Gulf of Mexico, Canada and Brazil, is it 
stated that the smallest airgun means in terms of energy output (dB) and volume (in3).  The exact 
energy output requirement for the first stage of soft start is not provided by any regional guidelines and 
nor is there guidance on the level of acoustic output that should be added-in during each subsequent 
stage of soft start, with the exception of the California guidelines which request an energy increase of 6 
dB per min (HESS, 1999).  Soft starts are currently conducted in a variety of ways, varying from add-
ins of individual guns every 30 sec to add-ins of several guns simultaneously every few minutes.  The 
required minimum soft start duration of 20 min is predetermined in all regional guidelines, and makes 
no allowance for variation in airgun volume.  Since the airguns used during modern 2D/3D/4D seismic 
surveys vary from a few hundred to over 10,000 in3, the designation of single soft start duration may be 
inappropriate.  The requirement for soft start during periods of gun testing (when only one sub-array 
might be active) is also poorly defined in all guidelines.  Independent monitoring of the soft start 
procedure in the field is challenging since it is operated from the vessel’s Instrument Room and there is 
no automated record.  On most vessels soft starts are carried out manually (with each gun(s) added in 
by switch at an appropriate time), and the precision of the soft start procedure therefore relies entirely 
on the aptitude and interest of individual seismic crew.  On a minority of vessels the soft start is 
computer automated (each gun(s) automatically added in at predetermined shot points), providing a 
more reliable method of increasing sound level than manual operation.  Logging of soft starts (as 
required to ensure compliance with the 20 min duration) is also carried out by seismic crew and cannot 
therefore be independently monitored by an MMO who is required to be on watch for the soft start.   
 
Airgun use 
Some regional guidelines require airguns to be active 24 hr throughout a survey (e.g. DOC, 2005), 
while others require a small gun to be active throughout the night (e.g. MMS, 2004).  It is unclear how 
such measures minimise acoustic impact on the environment, and in particular there is no evidence that 
continual firing of a small gun acts as a deterrent to marine mammals.  In contrast, some studies 
suggest that some species such as humpback whales may actively approach small volume airguns 
(McCauley et al., 1998, 2000).  Importantly, although some guidelines suggest using airguns of ‘lowest 
practicable level’ during seismic surveys, it is unclear how or even whether this is regulated.  It is not 
stated that airgun use should be restricted to the allocated survey prospects.  In some regions weather 
downtime and maintenance may result in seismic vessels straying far from their licensed prospect area 
(and sometimes into more sensitive habitat), where airgun testing might occur.  There are concerns 
over the cumulative impact of time-sharing (two or more vessels operating in adjacent areas, which 
take turns firing airguns to avoid interference with one another), which may produce 24 hr airgun 
sound when one vessel commences soft start as another ends a line.   
 
Monitoring in adverse conditions 
All of the current guidelines depend solely on visual monitoring to detect animals at the surface.  This 
means that effectively no mitigation is in place for seismic surveys occurring at night.  While JNCC 
(2004) ‘encourage all seismic survey operators to ensure that, as far as possible, soft starts occur during 
daylight hours’, this would greatly restrict seismic operation production time and to our knowledge has 
not been implemented.  Currently none of the guidelines have an outright restriction on airgun use at 
night.  Although airgun start-up is not allowed during darkness in some regions, operations are allowed 
to continue at full volume providing that a small gun is kept active during line changes.  In Australia 
and California airgun operations continue at night with visual monitoring via infra-red / night vision 
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binoculars, despite an effective range of only around 100 m.  With the exception of reduced visibility 
(which is treated the same as night operations), the guidelines do not address adverse weather 
conditions.  However it is well documented that detection of marine mammal species decreases 
significantly with increasing sea state (particularly porpoises, Kogia whales, beaked whales, minke 
whales; Clarke, 1982).  Environment Australia (2001) notes that the ‘upper limit for practical whale 
observation is sea state 5, corresponding with the operational weather limit for most seismic vessels’.  
However sea state 5 is not conducive for the detection of many cetacean species.  Furthermore, 
advancing seismic technology (e.g. OBC, solid streamers) means that some seismic surveys frequently 
operate in sea states greater than 5 with swell height representing the more usual operational constraint.  
In the California guidelines there is some indication that when weather deteriorates such that the MMO 
cannot effectively monitor the EZ and there are known to be concentrations of animals in the area, a 
halt to gun use might be imposed (HESS, 1999).   
 
Detection and mitigation procedures 
Visual detection 
In addition to the limitations described above, visual detection is also currently hindered by the lack of 
appropriate training programs for, and independence of, MMOs.  The regional guidelines vary 
considerably in their requirements for MMOs, but none define the frequently used terms ‘trained’, 
‘experienced’ and ‘qualified’.  At present the MMS (2004) guidelines are the only ones to state the 
criteria for a ‘trained’ MMO via the content of training courses.  Where stated, training involves 
attendance of a one-day theoretical course (JNCC, 2004; MMS, 2004), which does not include marine 
mammal field experience.  It is not a prerequisite to have any practical experience of marine mammals 
to work as a MMO, and use of crew members is permitted in most areas.  There is no feedback or 
assessment of those MMOs working in the industry.  A further concern is the lack of independence of 
MMOs.  This is most apparent where MMOs are crew members or otherwise employed directly by the 
seismic contractor, presenting a clear conflict of interests.  Even when this is not the case, provision of 
‘independent’ MMOs to the oil and gas industry is usually controlled by industry-specific employment 
agencies, which does not necessarily ensure that the most appropriate MMOs are used on each survey.  
Direct reports from the MMO to the regulating body are a stated requirement only in Brazil (IBAMA, 
2005b).  In most regions it is usual for MMO reports to be submitted to the regulator via the 
employment agency and oil/gas company, thus compromising the independence of the reporting 
procedure. 
 
Australia’s policy of monitoring for only 10 min every hour cannot allow effective implementation of 
visual detection of those cetacean species for which it currently operates. 
 
Species included 
All marine mammals utilise sound and are potentially affected by seismic surveys.  Although some 
regions currently offer no protection to dolphins and porpoises (Table 1), there is good evidence that 
small odontocetes experience disturbance from seismic surveys (e.g. Goold, 1996; Stone, 2003). 
Emission of higher frequency sound increases concern of the potential impact on toothed whales 
(Madsen et al., 2006). All species of marine mammal should therefore be included in seismic survey 
mitigation measures. 
 
Exclusion zone 
Defining an EZ is clearly a fundamental component of the real-time mitigation measures used during 
seismic surveys.  However, the basis for defining EZs remains unclear in most cases.  Some of the 
regional guidelines attempt to provide a scientific basis for the determination of these EZs.  For 
example, the Canadian guidelines suggest that behavioural and harmful effects may be produced in 
marine mammals by 160 dB and 180 dB respectively (DFO Letter to Applicants), while the existing 
Sakhalin guidelines calculate EZs according to received levels of 190 dB for pinnipeds and 180 dB for 
cetaceans (SEIC, 2005).  However we note that a received level of 120 dB re 1 µPa was recently 
identified at a scientific workshop as the appropriate EZ standard for protecting critically endangered 
Western gray whales during construction activities off Sakhalin Island (IUCN, 2006).  The New 
Zealand guidelines state that ‘it is generally accepted that noise levels below 180 dB re 1 µPa (rms) are 
unlikely to cause any loss of hearing (temporary or permanent) or physiological damage to cetaceans’ 
(DOC, 2005).  The HESS panel was the first to introduce strict scientific criteria for the EZ in 1999, 
defining the EZ by the 180-dB radius since this was the received sound level believed to have potential 
for auditory injury (HESS, 1999).  However the safety of this level remains unverified, and recent 
evidence suggests that physical injury and strandings may be induced at received sound levels far lower 
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than 180 dB (Dolman and Simmonds, 2005).  Except in California, none of the guidelines that use an 
isopleth-based standard provide information on the distance that the isopleth extends from the source, 
and none of the guidelines that use a radius-based standard take into account the properties of 
individual survey areas (water type, depth), or airgun arrays (volume) when determining the EZ.  
Rather the same generic value for EZ (from 200 m for some species in New Zealand to 3000 m for 
whales in Australia) applies regardless of whether airgun array volume is 10 in3 or 10,000 in3, or the 
survey area in deep, shallow of shelf edge waters.  For example, the New Zealand guidelines state that 
‘based on vessels operating 2000–3000 in3 arrays at full power, several studies indicate that the 180 dB 
re 1 µPa (rms) threshold correlates well with a 1 km distance in most scenarios’ (DOC, 2005).  If 1 km 
has been calculated as the 180 dB EZ for this region, then the basis for the 500 m EZ designated by the 
UK, Gulf of Mexico and Canada should be questioned.  And given that airgun arrays reach volumes 
four times larger than the 2000–3000 in3 quoted in this statement, there is clearly a need to incorporate 
the effect of varying airgun volume on EZ calculations.  Only in California is a considered evaluation 
of the basis for the EZ provided, where a site-specific EZ is calculated during the survey application 
process based on the specific survey parameters provided by the operator.  Both California and 
Sakhalin recognise that exact sound levels can be relatively easily measured in the field using existing 
seismic equipment, and EZs subsequently revised according to measured sound levels.  A recent study 
of sperm whales exposed to seismic pulses found that the received sound level of the first pulse was 
similar at ranges of 2 to 12 km from a seismic array, with secondary pulse arrivals having higher 
received levels at 5 to 12.6 km from the source than at closer range (Madsen et al., 2006). This 
emphasises a need for measurements to be made at extended distances from the source vessel and 
appropriate EZs designated. 
 
Pre-shoot watch 
The 30 min pre-shoot watch was originally defined by the JNCC (1998) for the UK’s continental shelf 
(< 200 m) waters.  Only Australia has designated a longer pre-shoot watch period (90 min), with all 
other areas retaining the 30 min watch regardless of water depth.  Although 30 min might be adequate 
for detecting shallow-diving shelf species, it is not necessarily appropriate in deep water areas where 
the known dive times of some species (e.g. sperm whale, beaked whales) regularly equals or exceeds 
this duration.   
 
Soft start delays 
The soft start delay for animals observed within the EZ is now standard practice within the seismic 
industry and there are relatively few problems with its implementation.  However some of the regional 
guidelines remain unclear on the required duration of the delay, and whether soft start can commence 
immediately after animals depart the EZ or whether a 30 min clearance period is required.  Some 
operators now commence soft start much earlier in a line change than is required operationally, in order 
to allow for potential delays due to marine mammals and avoid circling.  This tactic results in increased 
airgun noise in the environment and should be prohibited.   
 
Shut-downs 
Only Brazil, California and Sakhalin implement shut-downs for all marine mammals.  Given the 
evidence that small odontocetes may be sensitive to disturbance from seismic surveys (Goold, 1996; 
Stone, 2003), it is appropriate for all regions to apply shut-down for all cetaceans.  As in New Zealand, 
specific shut-down procedures should be considered for calves, which might be involuntarily subjected 
to harmful noise levels through their close association with adult animals.  While shut-down is a 
straightforward mitigation technique, it is only possible to implement the procedure during daylight as 
it relies upon visual detection.  Following a shut-down procedure, it is unclear in many of the regional 
guidelines whether airgun use can resume immediately that the animals depart the EZ or whether a 
further 30 min clearance period is required.  While most guidelines stipulate that a full soft start is 
required following shut-down for marine mammals, Canada requires a soft start only if the shut-down 
exceeds 30 min duration.  Potentially this means a temporary pause in airgun use simply as an animal 
passes through the 500 m EZ, with the guns suddenly activated again at full volume.  This does not 
appear to be a precautionary use of airguns given that animals may be only 500 m from the guns when 
they are activated again at full power.  Similarly, the period of accepted shut-down for ‘operational 
reasons’ currently ranges from 5 to 30 min according to region.  While the UK and Gulf of Mexico 
guidelines specify that operational shut-down periods are only permitted if a visual watch is 
maintained, the other guidelines omit this clause and therefore allow such shut-downs at night when no 
monitoring can occur.  Where shut-down procedures are required, it is logical that several dedicated 
MMOs are used to cover all daylight hours and to ensure detection and species identification of 
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animals out to the required EZ ranges of up to 3000 m.  Australia’s policy of monitoring for only 10 
min every hour cannot allow effective implementation of the shut-down procedure. 
 
Passive acoustic monitoring 
Although passive acoustic monitoring is recognised as a potentially valuable detection technique within 
most of the regional guidelines, its full potential use in seismic mitigation is not yet realised.  There are 
a variety of PAM systems that can be used to detect cetaceans (e.g. towed arrays, bottom-mounted 
hydrophones, sonobuoys).  However the system usually employed during seismic surveys is the towed 
array, since airguns are mobile and require a mobile mitigation system.  The essence of existing 
seismic survey mitigation is to detect animals within the EZ and implement the relevant measures, and 
PAM will become more successful as a mitigation tool if it is able to: (a) reliably detect a significant 
number of vocalising marine mammal species within the EZ, (b) reliably identify each marine mammal 
species (where guidelines are species selective), and (c) provide a reliable range measurement to the 
animal.  Use of PAM as a seismic mitigation tool is currently limited by the fact that animals are not 
always vocal, the seasonality in vocal activity of some species (e.g. baleen whales), lack of knowledge 
regarding sounds produced by some species (e.g. beaked whales), difficulty in species identification, 
the variable detection range between species, lack of accurate range estimation (currently often based 
on operator interpretation) and the regular masking of lower frequencies (those used by baleen whales) 
by vessel noise.  To date PAM towed arrays have usually been deployed from the chase (guard) vessel 
which is often positioned over 1 km ahead of the seismic vessel itself so that PAM monitoring occurs 
too far from the airguns to be effective.  The use of PAM is also constrained by the lack of guidance for 
its implementation and the lack of training programmes in its use.  It is noted that establishing whether 
a marine mammal is within 500 m of the airgun array often depends on the judgement of the PAM 
operator rather than on objective software (JNCC, 2004).  As pointed out by Barlow and Gisiner 
(2004), acoustic detection improves tremendously if an observer knows what to listen for, and the 
development of training programs for the use of PAM should be a priority.  
 
General issues 
Sensitive areas 
All of the regional guidelines recognise sensitive areas for marine mammals, but there is little rigorous 
definition of these areas and how they apply to seismic survey applications.  Only Brazil (reported in 
Environmental Licensing Guide (IBAMA, 2005a)) and Australia (Dolman, 2006) have allocated 
defined prohibited areas for seismic surveys due to marine fauna.  Avoidance of seismic surveys in 
sensitive habitat is the most effective and straightforward mitigation measure that can be applied to 
protect marine mammals and more regions should define this option. 
 
Other sources of disturbance 
Seismic surveys often incorporate a range of vessels, including chase (guard) vessels, supply boats, 
undershoot vessels, workboats and crew boats.  These vessels are also capable of disturbing marine 
mammals, and guidelines for minimising impact to marine mammals need to address all activities 
related to seismic surveys and not simply airgun noise.  Only the Brazilian guidelines state that it is 
prohibited to attempt to deliberately move animals out of the EZ (IBAMA, 2005b), a matter that has 
arisen in other areas. 
 
Ineffectiveness of existing mitigation techniques 
While visual detection is a reasonable method for detecting some marine mammals in the vicinity of a 
seismic survey (given favourable weather and daylight), it remains ineffective for certain species such 
as beaked whales (Barlow and Gisiner, 2004) and small inconspicuous animals such as Kogia whales 
and porpoises.  These same species may be difficult to detect acoustically, for example the 
vocalisations of beaked and Kogia whales are poorly known.  All marine mammal species are currently 
poorly protected at night.  Where visual observations do occur at night (e.g. Environment Australia, 
2001) they are only realistically likely to detect bow-riding dolphins due to limitations of night vision 
equipment.  The use of acoustic monitoring at night will detect only vocalising animals and is therefore 
very limited for species that are largely non-vocal or which aren’t vocalising at the time.  The use of 
the currently available acoustic equipment is also hindered by ship-produced noise.  A further 
inefficiency of the existing mitigation methods is that the MMO must visually observe the marine 
mammal entering the EZ before mitigation can be requested.  This does not adequately mitigate for 
deep-diving species such as sperm and beaked whales that may dive ahead of the survey on the vessel’s 
trackline.  For example, since sperm whales typically dive vertically during the first portion of their 
dive (Whitehead, 2003), animals seen to fluke and commence a dive ahead of the ship may remain 
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submerged on the trackline and enter the EZ without being visually detectable within the EZ by the 
MMO.  No mitigation measures could be applied to probable submerged animals under the present 
regional guidelines.  The MMS guidelines (2004) alone define the EZ as ‘the area at and below the sea 
surface within a radius of 500 meters surrounding the centre of an airgun array and the area within the 
immediate vicinity of the survey vessel’.  Mitigating for animals below the sea surface is clearly 
limited using only visual methods. 
 
Enforcement of mitigation methods 
While the mitigation measures outlined within the guidelines in Table 1 are a licensing requirement for 
operators working in those particular regions, there is little obvious enforcement by the regulating 
bodies.  There appears to be no onboard monitoring (or feedback system) of the effectiveness of 
guidelines, no evaluation of the mitigation procedures and no repercussions for operators that fail to 
comply with the guidelines, e.g. soft starts below the required duration.  This is partly a result of the 
reporting procedure in most regions, whereby MMO reports are relayed via the contractor/agency 
before reaching the regulating body.  Mitigation measures would be better enforced if the regulating 
body (or equivalent independent body) was responsible for providing MMOs to industry, and if those 
independent MMOs were required to report directly to the regulating body, as is the case in Brazil.   
 
Regional application of guidelines 
Although the guidelines summarised in Table 1 are now being used within those particular geographic 
regions, the majority of the world’s oceans are still open to seismic surveying without any marine 
mammal mitigation procedures in place.  Some of the regional guidelines are selective regarding 
inclusion of their own waters, for example in most of the Gulf of Mexico the MMS guidelines apply 
only to water depths greater than 200 m (MMS, 2004) providing no protection for marine mammals in 
shelf waters.  In regions where no statutory legislation exists for the protection of marine mammals, 
many seismic surveys occur within sensitive habitats without any consideration of marine fauna. 
 
ADDITIONAL MITIGATION MEASURES 
 
Although there are a number of mitigation measures (e.g. acoustic deterrent devices, bubble screens) 
currently used to mitigate the effects of other anthropogenic sound sources on marine mammals, many 
of these are unsuitable for use during seismic surveys due to the mobility of the airguns.  However 
there are several other technologies/measures that could be developed for seismic surveys in the future. 
 
Closed areas 
The simplest way to mitigate the effects of seismic surveys on marine fauna is to avoid animals either 
in space or time.  In some regions the occurrence of marine mammals is well documented, and simple 
closed (temporary or permanent) areas could be implemented to ensure protection.  For example, 
humpback whales are a predictable species that return annually to traditional breeding and feeding 
grounds.  Brazil is the only country for which designated closed areas are clearly defined, and a 
seasonal closed area to protect breeding humpback whales exists between July and November.  There 
are other areas worldwide where similar breeding humpback whale populations are currently offered 
little or no protection from seismic surveys, notably on the west coast of Africa where the Angola and 
Gulf of Guinea breeding grounds overlap with an area of increasing seismic survey activity.  The 
designation of closed areas is most effectively implemented at the governmental level in each region as 
part of standard statutory guidelines, where the legislation applies to and is adopted equally by all 
licensees.  Regional authorities can also recommend closed areas (e.g. regional seas agreements), 
though their recommendations may have only limited force of law.  In some regions worldwide there is 
little awareness of the potential effects of seismic activity on marine mammals, and such countries 
should be strongly encouraged to consider marine mammal issues during the licensing procedure.  
 
Passive Acoustic Monitoring 
Although various types of acoustic monitoring are available, only the towed array is currently used 
during seismic surveys due to the mobility of the source.  The limitations of the current towed array 
equipment have been considered above, but with advancing technology it is likely that PAM will 
provide improved detection ability in future years.  Both the UK and Canadian guidelines note that 
improvements in technology are likely to make PAM a requirement in the future.  It has been suggested 
that marine mammal PAM equipment could eventually be incorporated into the standard seismic cables 
towed behind a seismic ship to solve current deployment problems. 
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Active sonar 
Active sonar comprises emission of a sound signal that reflects off submerged objects and back to a 
signal receiver to produce a 3D image of the water column.  There is potential for the use of high-
frequency active sonars for the detection of marine mammals within a short distance of an airgun array.  
However the system requires further work to reduce false triggers and increase species identification, 
and WDCS has important concerns over the potential adverse effects from this additional sound energy 
on cetaceans. 
 
Equipment modifications / developments 
The development of new technology as an alternative to airgun sound should be encouraged.  For 
example, there is a marine vibrational device being developed as an alternative to airgun arrays, which 
has a lower peak amplitude, slower rise time and significantly less energy above 100 Hz (Smith and 
Jenkerson, 1998).  Operators should aim to reduce unnecessary output of incidental high frequencies 
from airguns, and ensure that airguns are configured so that horizontal propagation of sound is 
minimised (JNCC, 2004).  Equipment to improve visual monitoring during night and poor visibility 
should also be developed, with potential uses of infrared equipment and millimetre waves radar (HESS, 
1999).  While some engineering modifications have been encouraged for years in some regions (e.g. 
baffling of higher frequency sound requested by the JNCC), there have been no statutory requirements 
to do so or to conduct relevant research. 
 
Aerial surveys / extra survey vessels 
The Californian, Australian and Sakhalin guidelines mention the use of aerial surveys before, during 
and after seismic surveys in sensitive areas to monitor for concentrations of whales.  This information 
can subsequently be used in real-time planning of seismic data acquisition and assessing marine 
mammal responses to the sound source.  The use of additional, dedicated research vessels may also be 
useful to survey the areas ahead of seismic vessels and provide advice on the occurrence of animals.  
 
SEISMIC MITIGATION ‘BEST PRACTICE’ 
 
In the absence of standard international guidelines, seismic surveys in many areas are carried out  
 

(a) without any mitigation measures in place, or  
(b) using guidelines from other countries.   

 
The UK guidelines (JNCC, 1998, 2004) are often perceived as incurring least disruption to a survey 
(IAGC, 2006), and are most commonly adopted by operators in those regions without statutory 
guidelines (e.g. West Africa).  However, the JNCC guidelines do not constitute best practice for 
protecting marine mammals, particularly since they were developed for the UK’s shallow continental 
shelf area (JNCC, 2004) and may not adequately apply to deep-water areas or for marine mammals 
(and turtles) found in other regions. Clear guidance is urgently required on what actually constitutes 
‘best practice’ under local conditions.  Although the description of a full set of international standard 
guidelines is beyond the scope of this paper, the following points are recommended for incorporation 
into minimal mitigation procedures for marine mammals during seismic surveys.  
 
Avoiding densities of animals 

• Surveys should be planned so that entire habitats or migration paths are not blocked, 
cumulative seismic sound is limited within any particular area, and time-sharing is prohibited.  
In some areas there is considerable scientific data supporting the occurrence of vulnerable 
species and/or key marine mammal breeding/feeding/migratory habitat.  Where such evidence 
exists, closed areas (seasonal and/or year-round as appropriate) should be designated similar 
to those existing in Brazil (e.g. the Abrolhos Bank, Engel et al., 2004).  

• Closed areas should be surrounded by appropriate buffer zones.  They should be managed so 
that use of airguns is completely prohibited within and adjacent to key habitats (spatial areas 
or water depths) during particular seasons or on a year-round basis so that damaging or 
disturbing noise levels are not created.  They could also be managed so that only very low 
noise output surveys (e.g. High Resolution, site surveys) can be considered to occur within 
sensitive areas during key seasons.   

• Closed areas and buffer zones need to be defined clearly in the regional mitigation guidelines, 
so that all operators and companies are equally subject to and aware of restrictions.   
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Onboard mitigation procedures 
• Mitigation measures should apply to all marine mammal species (and turtles) 
• At least one dedicated MMO should be on watch 24 hr (max 4 hr shift), requiring at least two 

(and preferably three) dedicated and qualified MMOs on every seismic vessel.  While visual 
watches at night are clearly limited in range, there are no other mitigation methods available 
and visual observers would still detect those animals closest to the ship where they are most 
vulnerable.  Equipment including high quality infra-red and night-vision binoculars should be 
provided to the MMO for night time observations.  Studies into their effectiveness would be 
useful 

• Every seismic operator (irrelevant of geographical area and local conditions) should 
implement a soft start procedure for every use of the airguns.  Soft start should commence 
with a small, individual gun (i.e. £70 in3), and increase by stages of approximately 6 dB per 
minute.  Total soft start duration will therefore be proportionate to airgun volume, with larger 
volume arrays taking longer to complete soft start than small arrays.  This procedure can be 
applied in an easily interpreted manner to all gun testing.  All soft starts should be automated, 
to reduce potential operator inaccuracy.  All soft starts should commence as close to start of 
line as practical to minimise airgun noise during line change 

• The use of the lowest practicable airgun volume should be defined and enforced.  Small 
airguns should not be kept active during line changes (to avoid habituation or positive 
approach), and airgun use should be prohibited outside of the licensed prospect area 

• There should be a scientific basis for the exclusion zone rather than an arbitrary designation.  
We note that although a received level of 180 dB re 1 µPa (rms) is generally considered to be 
the likely sound level at which harmful physical effects are produced in marine mammals, this 
may not be adequately precautionary and protective (Dolman and Simmonds, 2005).  Marine 
mammal behavioural responses have occurred at received sound levels of at least 160 dB, and 
it is therefore recommended that a precautionary received level of no more than 160 dB re 1 
µPa (rms) is used to calculate the EZ.  For some endangered species in important habitat that 
has not been effectively closed (e.g. Western gray whales on their feeding grounds off 
Sakhalin Island), EZs may be greater.  EZ values should be calculated by the operator prior to 
the application process, using site-specific transmission loss modelling based on airgun array 
parameters and the bathymetry, water properties and sound velocity profiles of the water 
column within the prospect area.  The EZ value should be verified in the field at the start of 
the survey.  During long duration surveys, the EZ should be regularly re-calculated. We also 
recommend that the criteria used to calculate exclusion zones should regularly be reviewed.  

• There should be a dedicated pre-shoot watch of at least 30 min.  In areas where water depths 
exceed 200 m, the watch should be at least 60 min to help ensure the probability that deep-
diving species are detected 

• There should be a delay to commencement of soft start for all marine mammal species (and 
marine turtles) observed within the 160-dB EZ.  Soft start may not begin until 30 min after the 
animals depart the EZ or 30 min after they are last seen 

• There should be a shut-down of the airguns whenever a marine mammal (or marine turtle) is 
seen to enter the 160-dB EZ.  Constant radio communication is required between the MMO 
and the Instrument Room to ensure shut-downs are instantaneous.  Following a shut-down, a 
full soft start is mandatory.  Soft start should not begin until 30 min after the animals depart 
the EZ or 30 min after they are last seen.  The permitted shut-down of airguns for operational 
purposes should be no longer than 5 min without requiring full soft start 

• Extra mitigation measures should be applied in deep water areas for sperm and beaked 
whales seen diving on the vessel trackline.  Assuming an average survey speed of 4.5 kts and 
a 15 min mean vertical descent period for sperm whales (Whitehead, 2003), a whale diving 
within 2 km ahead of the airgun source may remain on the vessel trackline until the ship draws 
level before it commences horizontal movement.  It is therefore recommended that for sperm 
and beaked whales, soft start delays and shut-down procedures are applied to animals seen 
diving within 2 km ahead of the source, even if outside of the EZ at the time of last visual 
confirmation 

• Ideally, airgun use should be prohibited at night since current mitigation techniques are 
inadequate to detect marine mammals.  Restricting airgun use to daylight hours should 
certainly be considered in particularly sensitive areas (breeding, feeding and migratory zones).  
However there is a trade-off between allowing continual 24 hr airgun use and completing the 
survey earlier, or restricting airgun use to daylight only and having a much longer survey 
duration and possibly greater impact on the region.  To ensure that seismic surveys have 
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minimal overall duration within an area, airgun use should be permitted at night (outside of 
sensitive areas) on condition that visual watches are maintained using night-vision / infra-red 
binoculars.  PAM should also be used as an additional night mitigation measure, particularly 
in deep-water areas.  Soft starts remain mandatory, and periods of extra gun use (such as 
testing) should be restricted to daylight hours 

• Because of the impact of adverse weather conditions on the visual detection of marine 
mammals, airgun use during unfavourable conditions (Beaufort sea state ≥ 4, swell ≥ 3 m, 
thick fog) should be restricted (both night and day).  This measure is particularly important at 
night when visual observations are already hindered.  In relatively more sensitive areas, gun 
use should be prohibited altogether, but especially in unfavourable detection conditions.  In 
other areas, gun use should be permitted only if animal density in the region is low and at least 
two MMOs maintain visual watch.  PAM should be used as an additional adverse weather 
mitigation measure, particularly in deep-water areas  

• Disturbance from other vessels associated with the seismic operation (e.g. guard vessels, 
supply boats, work boats, undershoot vessels etc) should be minimised via a requisite 1 km 
closest distance of active approach to marine mammals 

• MMOs should report directly to the regulating body throughout and on completion of each 
survey to ensure that reports are received without other involvement (i.e. reports should not go 
via a third party or be subject to any editing prior to receipt).  Standardised reporting should 
also be a requirement 

 
Other recommendations 

• Marine mammal mitigation guidelines should be adopted by all oil and gas companies and 
contractors, to ensure that marine mammals are protected worldwide and not simply in those 
(usually developed) countries where adequate resources and structure are available to 
implement protection as a licensing requirement 

• A system of automated logging of gun use should be developed so that soft starts and use of 
the small gun at night can be independently monitored.  At present the onboard observer 
cannot properly assess these key measures 

• MMOs must be qualified, dedicated and experienced.  As a minimum this should require that 
an MMO has no other role on the ship, that they have field experience of the relevant marine 
mammal species in an area and that they have completed an appropriate training scheme.  
Training courses should incorporate an eye test, practical field training, extensive theoretical 
training (including seismic survey, underwater acoustics, marine mammal identification and 
passive acoustic monitoring modules) and assessments.  Establishment of an independent 
MMO body should be encouraged, with MMOs reporting directly to regulating bodies during 
and after a survey 

• Seismic PAM towed array technology should be further developed so that accurate ranges can 
be determined to vocalising animals, and official PAM guidelines should be developed for 
implementing mitigation measures based purely on acoustic detection.  A PAM training 
scheme is required, particularly since mitigation measures may be based on the PAM 
operators’ judgement 

• Alternative seismic technology should be developed, such as low sound intensity 
replacements for airgun arrays and suppressor devices to eliminate unwanted high frequency 
sound.  Such research could be required as a condition of permit 

• There should be improved and ongoing biological monitoring before, during and after seismic 
surveys, to provide information on species occurrence, seasonal/temporal distribution and 
reaction to airgun sound 

• A commitment to investigate the effectiveness of mitigation measures undertaken is long 
overdue.  Effort should be also be made to examine the efficacy of commonly used mitigation 
measures, particularly soft start and the deterrent success of small guns 

 
CONCLUSIONS 
 
The marine mammal mitigation measures currently in use worldwide show considerable variation in 
parameters such as the exclusion zone radius, the marine mammal species subject to mitigation, and 
delay/shut-down procedures.  Relatively few aspects of current mitigation have a firm scientific basis 
and proven efficacy in the field, and there remains a total lack of effective mitigation during night and 
adverse weather.  This review highlights a number of shortcomings in the existing mitigation 
guidelines and makes recommendations towards a standardised set of guidelines applicable worldwide. 
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As a priority, area closures and avoidance of key marine mammal habitat remain the most effective and 
precautionary mitigation against seismic noise and should be implemented. 
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Table 1. Statutory marine mammal mitigation measures currently used during seismic surveys worldwide (industrial surveys only, not including site, borehole or VSP surveys) 
 
Location Species 

included 
Observer 

requirement 
Required 

observation 
technique 

Soft start / 
ramp-up 

Source 
exclusion 
zone (EZ) 

Duration 
of pre-
shoot 
watch 

Soft start 
delay for 
animal(s) 
within EZ 

Airgun 
shut-down 

for 
animal(s) 
within EZ 

Night time 
airgun use 

Airgun use 
during line 

changes 

Use of passive 
acoustics 

Time/area 
closed zones? 

UK5,6 All 
marine 

mammal 
species 

1–2 dedicated 
and trained 
MMOs (can 

be crew) 
Experienced 
in sensitive 

areas 

All 30 min 
pre-shoot 
watches 

Other data 
collection 
optional 

Compulsory 
20–40 min 

500 m 30 min At least 20 
min delay 

after 
animal last 

seen 

No Permitted 
without 

monitoring 

Discouraged. 
Shut-down 
completely 

between lines 

Recommended 
in some 

sensitive areas 

Seasonal 
limitations in 
some licence 

blocks 

California3 All 
marine 

mammal 
species 

Two 
dedicated and 

NMFS 
certified 
MMOs 

(Three 
MMOs for 
surveys >7 

days) 

One MMO 
on watch 24 
hr (night and 

day) 

Max. 4 hr 
watch 

Compulsory 

Time not 
provided 

Increase by 
6dB per min 

180-dB 
radius 

(defined by 
transmission 

loss 
modelling) 

Survey 
dependent 

At least 
30 min 

Not stated Yes for all 
marine 

mammals 
No details 
provided 

Permitted 
(with visual 

watches) 
MMO can 

abort 
operations 
if visibility 
insufficient 

Continue 
during turns 
but at lower 

level (in 
Appendix 5) 

Not generally 
recommended 
unless sperm 

whales in area 

Some 
prohibited 
areas, e.g. 
Channel 
Islands 

National 
Marine 

Sanctuary 

Australia2 All whale 
species 
(except 
Kogia), 

plus pilot 
and killer 

whales 

MMO should 
be trained, 

dedicated and 
preferably 

independent 
(compulsory 
in sensitive 

areas) 

All 30 min 
pre-shoot 
watches 

10 min every 
hour or 

continual in 
sensitive 

areas 

Compulsory 

At least 20 
min 

3000 m 90 min 30 min 
delay or 

until 
whale(s) 

seen 
outside EZ 

Yes for 
whales 

Soft start 
after 20 min 

delay or 
whale(s) 

depart EZ 

Watches 
using Infra-
Red / night-

vision 
binoculars 

Either leave 
small guns 
running, or 
shut-down 
completely 
and use soft 
start again 

Recognised as 
back-up to 

visual, but not 
required 

Closed area in 
Great 

Australian 
Bight for 

southern right 
whales and 

Australian fur 
seals11 

Gulf of 
Mexico7,8 

Whale 
species 

only 

Two 
dedicated 
MMOs on 

watch (can be 
crew) 

MMO must 
be trained 

All daylight 
hours (max. 

4 hr on 
watch) 

Compulsory 

20–40 min 

500 m 30 min Delay of at 
least 30 

min after 
the 

whale(s) 
have been 

seen 

Yes for 
whales  

Soft start 
after 30 min 

‘all clear’ 
delay 

Permitted 
only if 

small gun 
(160 dB re 
1 mPa-m) 
firing in 

line change 

Daylight 
shut-down 

Soft start 
permitted 

only if small 
gun kept 

active 

Encouraged 

Use of PAM 
allows ramp-up 

during 
darkness 
(adverse 
weather) 

No 
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Brazil4 All 
marine 

mammals 
(turtles 

included) 

Min. of three 
professional 

and dedicated 
– either 

experienced 
or trained 

Two on 
watch 

continuously 
throughout 

daylight 
hours  

20–40 min 1000 m for 
soft start 

500 m for 
shut-down 

30 min 30 min 
delay after 

animal 
seen 

outside EZ 

Yes for all 
mammals / 

turtles 
30 min delay 
after animal 
seen outside 
EZ, then soft 

start 

Not allowed 
to start 

airguns at 
night unless 
a small gun 
(160 dB re 
1µPa-m) is 
kept active 

Shut-down 
during 

daylight 
Small gun 
can be kept 

active at 
night / poor 

visibility 

Not required 

Trials 
encouraged 

Seasonal 
closed areas 
for breeding 

humpback and 
right whales, 
turtle nesting 
season and 

manatee areas 

Canada9 Whale 
species 

only 
(turtles 

included) 

Use of a 
qualified and 

DFO 
approved 

MMO 
(qualification 

not stated) 

All 30 min 
pre-shoot 
watches 

Other data 
collection 
optional 

20–40 min 500 m 30 min 30 min 
delay or 

until 
animal 
seen 

outside EZ 

Yes for some 
whale/turtles 
of concern 

30 min delay 
or until 

animal seen 
outside EZ. 
Soft start if 
shut-down 
>30 min  

Not allowed 
to start the 
airguns at 
night / low 
visibility 
(can keep 
small gun 

active) 

Either full 
shut-down or 

use of a 
single energy 

source 

Strongly 
encouraged 

If vocalising 
whales are 

heard, soft start 
cannot 

commence for 
30 min 

Recommends 
planning 

surveys to 
avoid 

sensitive 
areas/times 

New 
Zealand1 

All 
marine 

mammals 
Extra 

measures 
for 

Species of 
Concern 
(SoC)12 

Use of 
dedicated 

MMO (can be 
crew). 

Experienced 
and trained 
MMO in 
sensitive 

areas 

Continuous 
throughout 

daylight 
hours 

20–45 min 1500 m for 
SoC 

200 m for 
other marine 

mammals 

30 min 30 min 
delay or 

until 
animal 
seen 

outside EZ 

Yes for SoC 
within 1000 
m EZ (1500 
m for calves) 

30 min delay 
or until SoC 
seen outside 
EZ, then soft 

start 

Small gun 
kept firing 

during night 
time line 
changes 

Continued 
use of small 
guns during 

all line 
changes 
required 

Recommended 
for poor 
visibility 

Plan surveys 
to avoid 
sensitive 

areas/times 

Extra 
measures in 

sensitive areas 

Sakhalin10 All 
marine 

mammals 

2–3 trained 
and dedicated 

MMOs 

Two on 
watch 

continuously 
throughout 

daylight 
hours 

20 min 250 m 
pinnipeds 
1000 m 

cetaceans (6-
7 km for 

gray whales 
in feeding 

areas) 

Not 
reported 

Yes – 
suspension 
of airgun 
activity 

until 
animals 

depart EZ.  
No details 

Yes – 
suspension 
of airgun 

activity until 
animals 

depart EZ. 
Details not 

reported 

Not allowed 
to start the 
airguns at 
night / low 
visibility. 

Details not 
reported 

Not reported Not reported Seismic 
prohibited 
within two 
gray whale 

feeding area 
‘protection 

zones’ 

1DOC (2005), 2Environment Australia (2001), 3HESS (1999), 4IBAMA (2005b), 5JNCC (1998), 6JNCC (2004), 7MMS (2003), 8MMS (2004), 9DFO (2005), 10SEIC (2005), 11Dolman (2006), 12SoC refers 
to all whale species, pilot and killer whales, Hector’s and Maui’s dolphins. Based on the best information available at the time of drafting. 

 


