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Executive Summary 
 

The methodolgy used in compiling this report included: 
 A desktop study attempting to provide a thorough assessment of seismic survey impacts 

on fisheries, both fishes and invertebrates, as well as mammals. 
 South African and international mitigation best practice. 
 Marine vibrosies alternative technology. 
 Through PASA, a full seismic survey history from 2004-2016. Co-ordinates data for a full 

GIS mapping analysis were not provided, meaning there is potential for this to occur in a 
future study.  

 PASA 2D and 3D seismic survey GIS maps were obtained for the South African EEZ, 
showing great similarity to the fishing grounds footprint.  

 The fishing industry socio-economic contribution was taken from a marine phosphate 
impacts study. 

 DAFF data for all fisheries were obtained, mostly from seismic survey environmental 
impact assessments. 

 Marine protected areas (MPAs) approach to seismic surveys, which apply the 
precautionary approach, where any possibility of harm to the ecosystem should be 
avoided where possible. MPAs should be managed to provide “acoustic comfort” to their 
resident species.  

 Assessment of seismic impacts on individual fisheries based on number and length of 
geographically related surveys by year versus species catches. 

 International concerns by USA scientists and environmental protection authorities; and 
Norwegian guidelines on survey implementation. 

 
Seismic air gun arrays output a rather broadband low-frequency sound (i.e., not a single “tone” or 
“chord”, but rather a noise composed of an undifferentiated range of tones). Peak output is 
generally in the range of 50Hz, with a secondary peak appearing in the 150-200Hz range, and 
continuing decreasing peaks up to almost 1kHz. The end result of all this is that, given the 
relatively extreme source levels of airgun sound, even creatures whose hearing is not centered on 
the lower frequencies can hear and are affected by the sound of seismic surveys. 
 
Fish hearing via the inner ear is typically restricted to low frequencies. Fish possess another 
avenue for low-frequency sound reception called the lateral line, which consists of receptors 
called neuromasts (hair cell clusters) that are specialised for the detection of water movement 
relative to the fish. The lateral line acts as a near-field acoustic receptor in a cross between 
hearing and touch. It may function in a variety of behavioural contexts, including prey localization, 
predator avoidance, communication during spawning, and navigation around obstacles. The 
relationship between the lateral line and the auditory system of fish is not fully understood and 
continues to be investigated.  

Fishes respond to pressure gradients with both their “lateral lines” and swim bladders (which are 
sometimes used for sound production, and in some species are connected by a set of bones to 
the fish’s inner ear). Fish also have particle motion sensors, and they respond to subtle phase 
differences using both systems (and so join instantly in schooling movements or respond to the 
disturbance caused by a food source). 
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Although all sound diminishes with distance, low-frequency sounds diminish more slowly, 
meaning their impact can last over longer distances than those of high-frequency sounds. Energy 
at low frequencies can travel great distances. Thus, there can be a larger potential range of 
impact to organisms whose hearing is tuned to lower frequencies, or who use low frequencies to 
communicate. 
 

The potential importance of communication using sound in the life of fishes is now appreciated. 
The reasons for sound production are less certain but may be related to reproduction (e.g., 
courtship, mate selection, parental care), aggression (e.g., territory defence) and possibly as an 
escape response (e.g., some fish produce intense sound when captured). Sound interception also 
plays an important role in fish ecology. For example, many species are attracted to the sounds of 
their prey while others react to sounds made by their predators or rivals.  

It is possible that man-made sound could mask or otherwise interfere with fish communication. 
The consequences of interruption in communication between fishes are essentially unknown.  

Studies indicate that behavioural and physiological reactions to seismic sounds may vary between 
fish species (for example, according to whether they are territorial or pelagic) and also according 
to the seismic equipment used. Because of the complexity of marine ecosystems, and because sea 
species respond to sound in ways well beyond current human understanding, ongoing research is 
required, and a common sense precautionary approach is needed.  
 
It is important to consider not only the intensity of sound being output by airguns, but also the 
frequency band(s) within which the sound is loudest. Each ocean species vocalizes, and 
presumably preferentially perceives sound, in a particular range of frequencies; these ranges 
differ greatly between species. Larger whales are likely the most susceptible to direct impact by 
the relatively low frequency output of airguns, since they make the most use of low frequency 
bands themselves.  
 
There is no such thing as a typical seismic survey: research indicates precise responses to air gun 
and seismic survey noise are species specific and dependent on the actual noise exposure regime. 
So the challenge when setting up and preparing for seismic surveys is to involve fisheries sectors 
potentially likely to be affected, as well as the Directorate of Fisheries within DAFF, working 
collaboratively with the Petroleum Agency of South Africa (PASA), and the seismic survey 
operators. This should go well beyond the logisitcs of no go areas for fishing vessels during seismic 
surveys, also assessing the likely sensitivity of marine species in the area that may be impacted, 
and developing necessary mitigating measures to reduce impacts.  
 
Operational aspects such as the "zones of effect" (specific for each airgun signal), how many and 
how widely spaced they are; the depth and size of the prospecting area; particulars for the data 
acquisition; and duration of the survey, all need to be incorporated in the planning phase to give 
some idea of the full impact of a specified seismic survey. Risk assessments should include 
characteristics of the specific survey to be used, modeling of probable noise propagation in the 
area to be surveyed and knowledge of the species present and awareness of their biology.  
 
Further research into the effects of seismic surveys on marine fish and invertebrates is important 
so that results can be used to design effective mitigation techniques that benefit the surrounding 
aquatic life and commercial fisheries, without compromising the economic value of off- shore 
seismic exploration. 
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Controls also need to be put in place to reduce cumulative impacts – in recent years off the South 
African coast multiple surveys were occurring at the same time, creating greater pressure on 
South African fisheries. It is important to ensure that an intensive period of seismic surveys is 
limited. Particularly if there is a risk of the sound source displacing a species from an important 
feeding or breeding area for a prolonged period, as impacts at the population level interrupting 
life functions such as spawning or migration patterns, could be significant. Norway as an example 
has established management actions against seismic surveys on and close to spawning grounds 
and over well-established migration routes to spawning grounds.  

Building up in 2011 (13 months of seismic surveys), during 2012 (11 months of surveys), 2013 (29 
months of surveys), and tailing off in 2014 (6 months of surveys), these were an abnormally large 
number of seismic surveys that occurred off the South African coast. These impacted mainly the 
West and South Coasts, which is where the bulk of South Africa’s commercial fisheries sectors 
operate. Single surveys generally seem to have limited impact, disturbing fish, and perhaps 
disrupting fishing for a few days, but cumulative impacts from so many surveys need assessment, 
and better management going forward so that they are spread to reduce negative impacts on sea 
life. 
 

As detailed in the South African fisheries section of this report, and further summarized in the 
conclusions section: 

 Hake – seismic surveys appear not to impact hake long term. With hake there is 
temporary behavioral disruption, Namibian hake longliners saying that after a seismic 
vessel goes past, the hake disappears for around three days before they are able to start 
catching again. 

 Small pelagic fishery – seismic surveys may have a significant impact, long surveys of 
around 6 months, and multiple survey cumulative impact particularly in 2013, may have 
cost the industry a lot of money. 

 West coast tuna pole and line fishery – impacts appear to be localized, disrupting fast 
swimming tunas migration flow by forcing them to move on. But where there are 
cumulative impacts from repetitive surveys in the same area, as has occurred off Southern 
Namibia tuna fishing grounds, where catches have severely declined since 2011, and in 
2017 dropped off to non-commercial catch rates, there is the ominous possibility that the 
tunas change their migration path. Environmental factors such as El Nino appear to also 
have contributed significantly, but combined with regular seismic surveys, the 
environmental signals are potentially devastating.   

 Horse mackerel – seismic surveys appear not to noticeably impact. 
 Squid – serious scientific concerns about the impact of low frequency seismic sound on 

squid. Appears to be a drop in squid jig catches with seismic surveys. 
 Rock lobster – no significant drop in catches, but need research on different life history 

stages, which have different levels of sensitivity to airgun sound. Findings among related 
species show that egg development among specific crustaceans may be retarded, 
metabolic rates increased and internal organs damaged following exposure to high 
amplitude anthropogenic sound. 
Prawn trawl – possibly similar conclusions to lobster. Only in 2016 are we seeing the 
maturing of oil exploration near the East Coast prawn trawl grounds, with a 3D survey 
lasting 6 months. There is only data in this report up to 2012, but it would be very 
interesting to see if this most recent 2016 survey has had any impact on the prawn fishery. 
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It is hoped that the findings of this report, will act as a resource for strategic discussions going 
forward with the seismic exploration industry, Government, and fishing industry, to help mitigate 
against seismic impacts. And also to give guidance on where potential future research can occur, 
based on international research that has already happened. 
  



 8 

Introduction 
 

Seismic surveys 
 
Marine seismic surveys are the most important tool the authorities and the petroleum industry 
have for mapping potential deposits of oil and gas under the seabed and for following the 
development in the reservoirs (Dalen, J. et. al., 2007). During these surveys, air guns are 
discharged about every 10-15 seconds and sound pulses with a short rise time and very high peak 
sound pressure level (SPL) are emitted (source levels at ~250 dB re 1 μPa). Concerns have been 
raised about the impacts of seismic air gun emissions on marine life, and fishermen in particular 
claim that seismic surveys have a serious negative influence on fish distribution and commercial 
catch rates due to avoidance responses (Lokkeborg et al 2012).  

 

Source: CapFish, 2016. 

Seismic surveys typically use 6-40 airguns arranged in an array, all firing together. It can takes 
months to seismically survey an area, during which time shots occur every 10-15 seconds, around 
the clock. The noise from seismic surveys can be heard almost continuously in some areas for 
distances of up to 4,000 kilometres (Nieukirk et al. 2012), as airgun seismic surveys are among the 
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loudest of human- produced sounds, and sound travels very fast and efficiently in water 
(Weilgart, L., 2016). 
 

 
 

Both the very loud sound near airgun arrays and the less intense sound at large distances can 
produce negative impacts on marine animals. These impacts can include permanent damage to an 
animal's hearing, changes in vocalizations which could affect feeding, mating, or navigation, 
displacement from habitat, changes in abundance, or lower fisheries catch rates, physiological 
(stress) effects, and “masking,” or obscuring of signals important to an animal, even at long 
ranges (Nowacek et al. 2015; Weilgart 2007).  
 

It is important to bear in mind that airguns are not the sole source of sounds loud enough to 
propagate audibly over tens or hundreds of kilometers. By far the most dominant source of 
marine noise is shipping. Some observers consider the added sounds introduced by any intense 
human source other than shipping to have negligible added effect, mainly because there are far 
fewer sources of airguns than there are ships. Once again, we are faced with the question of 
whether airguns should bear added scrutiny simply because they are among the very loudest 
specific sources of sound. It can be argued that an airgun at 50km is no louder than a supertanker 
at 15km; beyond these distances, their effects are similar. It remains, though, that airguns with 
source levels well over 200 dB re 1μPa2 will have substantially more local impact than other, even 
modestly less intense sound sources, while joining other extreme sound sources (ships, whales, 
etc.) as part of the audible noise at greater distances (Cummings, J. et. al. 2004).  
 

Evaluating the acoustic impacts of artificial sound sources in the marine environment is a complex 
and expensive undertaking. First, there has been relatively little research on the sound-processing 
and analysis mechanisms in marine organisms. Although it is possible to catalog and record the 
majority of these sound signals, we still do not know enough about the role sounds play in the 
balance and development of populations. Second, these sound emissions may not only affect 
auditory reception systems, but might also interfere with other sensory and systemic organs and 
processes, with possibly lethal consequences for the affected animal. Furthermore, prolonged or 
regular exposure to a specific sound may have negative short-, medium-, or long-term 
consequences. The lack of past research has contributed to the difficulty in obtaining objective 
data to inform future decisions on the effective control of anthropogenic noise in the oceans. 

Moored 
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Another pressing problem relates to the homogenization of measurements. At the moment, there 
is no well- defined protocol for measuring marine acoustic pollution or any agreement on the best 
way of depicting the results of these measurements. Although levels of noise pollution in the 
marine environment are increasing, the variability of the available parameters to measure the 
resulting effects leads to heterogeneous or fragmented data that appear to be of little use in 
developing effective management programs (André et al. 2011).  
 
Specific characteristics of the sound include units and references, whether the sound is 

continuous or impulsive, and its frequency range.  Underwater sound pressure levels are typically 
reported as a number of decibels (dB) referenced to a reference level, usually 1 micro-Pascal 

(μPa). However, the sound pressure dB number can represent multiple types of  measurements, 
including “zero to peak”, “peak to peak”, or averaged (“rms”). Sound exposure levels (SELs) may 

also be reported  as dB. The SEL is the integration of all the acoustic energy contained within a 
single sound event. Unless precise measurement types are reported, it can be impossible to 

directly compare results from two or more  independent studies.   
 

In a comprehensive review of the effects of anthropogenic sound sources on fish, Popper and 
Hastings (2009) concluded that without data “obtained in a systematic way with excellent 
controls and peer review” it is impossible to develop clear sound-exposure metrics and criteria 
that could help predict and manage the potential effects of sound on marine life. Indeed, reliable 
data in this field are extremely limited and, in light of the scope and importance of ocean systems, 
are urgently required. 

 

South Africa’s commercial fisheries 
 
South Africa has a coastline that spans two ecosystems over a distance of 3623km, extending 
from the Orange River in the west on the border with Namibia, to Ponta do Ouro in the east on 
the Mozambique border. The western coastal shelf has highly productive commercial fisheries 
similar to other upwelling ecosystems around the world, while the East Coast is considerably less 
productive but has high species diversity, including both endemic and Indo-Pacific species 
(Wilkinson, S., and Japp, D.W., 2016). 
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Map of South African coastline showing main fishing harbours 
 

 
Source: FAO 2010. 
 
Most commercial fish landings must take place at designated fishing harbours. For the larger 
industrial vessels targeting hake, only the major ports of Saldanha Bay, Cape Town, Mossel Bay 
and Port Elizabeth are used. On the West Coast, St. Helena Bay and Saldanha Bay are the main 
landing sites for the small pelagic fleets. These ports also have significant infrastructure for the 
processing of anchovy into fishmeal as well as canning of sardine. Smaller fishing harbours on the 
West / South-West Coast include Port Nolloth, Hondeklip and Laaiplek, Hout Bay and Gansbaai 
harbours. It has been estimated that there are up to 30 distinct small-scale fishing communities 
on the South African coastline, ranging in size from small villages to towns. Small-scale fisheries 
commonly use boats but occur mainly close to the shore. Those occurring along the West Coast of 
the country target West Coast rock lobster and linefish species (Wilkinson, S., and Japp, D.W., 2016). 
 

Approximately 14 different commercial fisheries sectors currently operate within South African 
waters, as shown in the table below. 
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Table. South African offshore commercial fishing sectors (TAC = total allowable catch; Source: 
Department of Agriculture Forestry and Fisheries) (Source: DAFF via Wilkinson, S., and Japp, D.W., 
2016) 
 

Sector Areas of 
operation 

Main ports in priority Number of 
vessels 
(2015) 

Rights holders 
(2015) 

Landed catch 
(2014) 

Tuna pole West Coast, 
South Coast 

Cape Town, Saldanha 128 170 5,300t 

Pelagic long-
line 

West Coast, 
South Coast, East 
Coast 

Cape Town, Durban, 
Richards Bay, Port 
Elizabeth 

31 30 3,317t 

Mid-water 
trawl 

South Coast Cape Town, Port 
Elizabeth 

6 19 6,317t 

Small pelagics West Coast, 
South Coast 

St Helena Bay, 
Saldanha, Hout Bay, 
Gansbaai, Mossel Bay 

101 111 374,962t 

Hake long-line West Coast, 
South Coast 

Cape Town, Saldanha, 
Mossel Bay, Port 
Elizabeth, Gansbaai 

64 146 9,798t 

Hake hand-
line 

West Coast, 
South Coast 

All ports, harbours 
and beaches around 
the coast 

100 86 Non-
operational 

Traditional 
linefish 

West Coast, 
South Coast, East 
Coast 

All ports, harbours 
and beaches around 
the coast 

450 422 6,445t 

Demersal 
shark long-line 

South Coast Cape Town, Hout Bay, 
Mossel Bay, 
Plettenberg Bay, Cape 
St Francis, Saldanha 
Bay, St Helena Bay, 
Gansbaai, Port 
Elizabeth 

6 7 17t 

Hake deep sea 
trawl 

West Coast, 
South Coast 

Cape Town, Saldanha, 
Mossel Bay, Port 
Elizabeth 

45 49 154,650t 

Hake/sole 
inshore trawl 

South Coast Cape Town, Saldanha, 
Mossel Bay 

31 18 6,281t 

West Coast 
rock lobster 

West Coast Hout Bay, Kalk Bay, St 
Helena Bay 

105 240 1,619t 

South Coast 
rock lobster 

South Coast Cape Town, Port 
Elizabeth 

12 15 774t 

Crustacean 
trawl 

East Coast Durban, Richards Bay 5 8 175t 

Squid jig South Coast Port Elizabeth, Port St 
Francis 

138 121 3,494t 

 
 



The primary fisheries in terms of highest economic value and greatest landed tonnage are the demersal 
(bottom) trawl and long-line fisheries targeting the Cape hakes (Merluccius paradoxus and M. capensis) 
and the pelagic-directed purse-seine fishery targeting pilchard (Sardinop socellatus), anchovy (Engraulisen 
crasicolus) and red-eye round herring (Etrumeus whitheadii). Secondary species include a large assemblage 
of demersal fish of which monkfish (Lophius vomerinus), kingklip (Genypterus capensis) and snoek 
(Thyrsites atun) are the most commercially important. 
 
Highly migratory tuna and tuna-like species are caught on the high seas and seasonally within the South 
African Exclusive Economic Zone (EEZ) by the pelagic long-line and pole fisheries. Targeted species include 
albacore (Thunnus alalunga), bigeye tuna (T. obesus), yellowfin tuna (T. albacares) and swordfish (Xiphias 
gladius). 
 
The traditional line fishery refers to a long-standing fishery based on a large assemblage of primarily 35 
different species. The fishery extends both into warm-temperate and cool-temperate biogeographical 
regions; but operates relatively close to shore. Within the Western Cape the predominant catch species is 
snoek (Thyrsites atun) while other species such as Cape bream (hottentot) (Pachymetopon blochii), geelbek 
(Atractoscion aequidens), kob (Argyrosomus japonicus) and yellowtail (Seriola lalandi) are also important. 
Towards the East Coast the number of catch species increases in number and includes resident reef fish 
(Sparidae and Serranidae), pelagic migrants (Carangidae and Scombridae) and demersal migrants 
(Sciaenidae and Sparidae). 
 
Crustacean fisheries comprise a trap and hoop net fishery targeting West Coast rock lobster (Jasus 
lalandii), a line trap fishery targeting the South Coast rock lobster (Palinurus gilchristi) and a trawl fishery 
based solely on the East Coast targeting penaeid prawns, langoustines (Metanephrops andamanicus and 
Nephropsis stewarti), deep-water rock lobster (Palinurus delagoae) and red crab (Chaceon macphersoni). 
 
Other fisheries include a mid-water trawl fishery targeting horse mackerel (Trachurus trachurus capensis) 
predominantly on the Agulhas Bank, South Coast and a hand-jig fishery targeting chokka squid (Loligo 
vulgaris reynaudii) exclusively on the South Coast (Wilkinson, S., and Japp, D.W., 2016). 
 
 

Seismic Sound Impacts on Marine Life 
 

As will be shown in the following pages of this study, to some level we can predict the behavioural 
response of fish to air gun noise and hence, seismic surveys.  
 
There are many factors that must be considered when deciding on the potential effects of seismic survey 
noise in a specific area including survey duration, array characteristics, ecology of the sur- rounding area 
and indirect, as well as, direct effects. However, the changes in behaviour observed could have impacts on 
other aspects of the exposed species. For example, energy expenditure associated with repetitive alarm 
responses could be an issue (Godin, 1997). Also, the behavioural alterations that occurred to these species 
would undoubtedly have an effect on other species within the ecosystem. If the prey of a particular fish is 
affected by seismic noise and moves away, the fish will almost certainly follow the prey. 
 
Lokkeborg and Soldal (1993) reported that, while long line and trawl catches of cod (Gadus morhua) 
decreased after exposure to noise from an actual seismic survey, the catch of prawns, the natural prey of 
the cod, increased. Likewise, Engas et al. (1996) observed a greater reduction in the number of large fish 
than that of small fish in an area exposed to a 5 days seismic survey. A number of explanations for this 
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change in distribution have been put forward, for example, different swimming speeds, differing hearing 
ability and habituation rates. Whatever the reason, the altered distribution could have significant effects 
on the entire ecosystem.  
 

Research indicates precise responses to air gun and seismic survey noise are species specific and 
dependent on the actual noise exposure regime. Therefore, as there is no such thing as a typical seismic 
survey, mitigation techniques should be developed and appropriate risk assessment needs to be 
undertaken prior to commencing a survey. Risk assessments should include characteristics of the specific 
survey to be used, modeling of probable noise propagation in the area to be surveyed and knowledge of 
the species present and awareness of their biology.  
 

Further research into the effects of seismic surveys on marine fish and invertebrates is important so that 
results can be used to design effective mitigation techniques that benefit the surrounding aquatic life and 
commercial fisheries, without compromising the economic value of off- shore seismic exploration.  
 

Measuring Sound from Seismic Airguns 
 

 
 
 

Acoustic propagation (the physics describing the way sound travels through the water) is relatively well 
understood yet highly variable, with water depth, seafloor composition, temperature, and salinity all 
playing roles. Most studies of how sound introduced into the sea by seismic surveys will decrease over 
distance are based on mathematical models; while often being good approximations, these predictions 
have too rarely been followed up with direct measurements (funding for such field studies is difficult to 
come by). Propagation in deep-water areas, where much of the new exploration is taking place, is 
relatively well understood: powerful sounds can travel extremely long distances while remaining 
significantly louder than the ambient background noise of the sea.  
 

Meanwhile, very little is known about the physiological or behavioral responses of cetaceans, fish, and 
other sea life to sound. We have no direct knowledge even of the hearing range of large marine mammals, 
and there is ample reason to suspect that our land-based conception of “hearing” (centered on the ears 
and on perception of discrete frequencies of sound) offers only a very partial picture of the acoustic 
perception of water-based creatures. It seems possible that many or most sea creatures perceive sonic 
vibrations throughout their bodies, and are capable of sensing minute changes in acoustical energy, 
beyond our perceptual imagination or scientific measurements (Cummings, J. et. al. 2004).  

An		airgun		array		being		fire d		dur i ng		a		
marine		geophysics		research		project		

View	looking	a 	at	20	airgun	
seismic	array		

Close	up	view	of	airgun	
explosion	
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It is important to consider not only the intensity of sound being output by airguns, but also the frequency 
band(s) within which the sound is loudest. Each ocean species vocalizes, and presumably preferentially 
perceives sound, in a particular range of frequencies; these ranges differ greatly between species. Larger 
whales are likely the most susceptible to direct impact by the relatively low frequency output of airguns, 
since they make the most use of low frequency bands themselves.  
 

Low frequency sounds from seismic airguns in water travel a very long way, and whales, together with 
migratory fish are particularly sensitive to low frequencies.  
 

 
Source: Capfish, 2016. 
 
The frequency of sound waves is measured in the number of pulses or cycles per second, or hertz (Hz). Low 
frequency sounds range from just a few cycles per second, up through tens and hundreds of cycles per 
second. A level of 1,000 Hz or 1 kilohertz (1kHz), is often considered a threshold into mid-frequency sound. 
Humans can hear sounds ranging from 20 Hz to 20,0000 (20kHz). Most airgun noise occurs in the range 
below 1kHz.  
 
Seismic air gun arrays output a rather broadband low-frequency sound (i.e., not a single “tone” or “chord”, 
but rather a noise composed of an undifferentiated range of tones). Peak output is generally in the range 
of 50Hz, with a secondary peak appearing in the 150-200Hz range, and continuing decreasing peaks up to 
almost 1kHz.  
 

There is considerable transmission of sound in somewhat higher frequencies, as well. McCauley (2000) 
made direct measurements of a commercial airgun array’s sound output that shows clearly audible sound 
in frequencies ranging up to 1000Hz (1kHz), and Goold (1998) mentions airgun effects up to 8kHz. The end 
result of all this is that, given the relatively extreme source levels of airgun sound, even creatures whose 
hearing is not centered on the lower frequencies can hear and are affected by the sound of seismic 
surveys.  
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Baleen whales (humpback, blue, fin, grey) are too large to have been studied in captivity, so vocalization 
patterns must be examined to determine a sense of their range of hearing; it appears that frequencies 
from 20-500Hz are especially important, with some components of their calls occurring up to 8kHz 
(8000Hz). Toothed whales (dolphin, orca, beaked, sperm) are focused on higher frequency sounds, from 
100Hz to a bit over 100kHz, with a special concentration of sensitivity in the 10-70kHz bands. Seals respond 
to sounds ranging from roughly 300Hz-80kHz (Richardson, et. al. 1995).  
 

First off, a primer on the decibel system: decibels (dB) do not measure an absolute amount of sound, but 
rather represent a proportional increase above an arbitrary reference level of sound intensity. Each 
increase of 10dB represents a 10-fold increase in the sound’s intensity; thus 140dB is ten times more 
intense than 130db, and 150db is one hundred times more intense. However, 140dB it is not ten times 
louder than 130dB; our perception of relative loudness decreases as sound intensity levels go up. To some 
degree, this matches the logarithmic scale of decibel measurement, so that a sound of 150dB will tend to 
sound about half again as loud as a sound of 100db.  
 

It is generally accepted in ocean acoustics that sounds of equal pressure (in the respective reference units) 
can be considered 62dB higher in water than in air (26dB plus 36dB). This means that when a sound is 
reported as 202dB in water, it will correspond to a sound measuring 140dB in air. When trying to imagine 
the impacts of sounds reported in ocean acoustics studies, it is crucial to keep this correction in mind 
(Cummings, J. et. al. 2004). 
 
SOUND TYPE AIR WATER 

Ambient sea noise (sea state 4)  100 dB 

Normal conversation 60 dB 122 dB 

Busy roadway 90 dB 152 dB 

Large ship  200 dB 

Whale breaching  200 dB 

Rifle shot 150 dB 212 dB 

Seismic array (actual) at 1m 173 dB 235 dB 

Sperm whale click  236 dB 

Lightning strike  260 dB 

Undersea earthquake   272 dB 

TNT (10 lbs)  279 dB 

Source: PGS 
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Sound is absorbed, scattered, and spread as it moves outward from its source. Researchers look at all of 
these as factors in “transmission loss,” or the reduction in the sound level as it travels. The received level at 
any given distance is the source level, less transmission loss. In the simplest models, assuming cylindrical or 
spherical spreading, the received level decreases simply by virtue of the sound energy being spread over a 
larger and larger surface area the farther from the source it is.  

 

 
Source: PGS data 
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Map of sound exposure level (SEL) in a vicinity of 3 km around the source. Red contours indicate SEL in 20 
dB intervals. Circles indicate radial distances from the source for orientation. The above image shows 
deterioration of the pulse dB laterally as it moves away from the source array.The SEL acoustic measure 
was computed at 1 m below the source. After 3km from the source, the measurement falls from 235 dB to 
148dB in both directional planes. 
 
In both spreading models, there is a relatively rapid decrease in the received dB level at close range, 
followed by a leveling off of the dB value out to many tens or hundreds of kilometers. High frequency 
sounds quickly fall victim to transmission loss (especially absorption and scattering), while low frequencies 
can travel vast distances at still-audible levels; in the ideal situation, the transmission loss of a 100Hz sound 
will nearly level off at about 100dB, so that an airgun noise (over 200dB at the source) will remain over 
100dB a thousand kilometers or more away (Cummings, J. et. al. 2004).  
 
There are a number of factors that influence how loud a sound will be as distance increases.  
 

Quieter near surface 
 

Observations of the responses of many marine creatures near seismic surveys or noise sources indicate 
that they often take advantage of a “sound shadow” that exists near the surface of the sea. As sound 
waves bounce off the surface of the water from below, they interfere with themselves “destructively,” 
meaning that the high point of the direct wave combines with the low point of a reflected wave to cancel 
each other out (similar to the way noise-cancellation headphones work). In this case, the cancellation is far 
from perfect, so there is no “zone of silence,” but received levels can be significantly lower near the 
surface, offering refuge to animals escaping dangerous or annoying sound levels below (Cummings, J. et. 
al. 2004).  
 

Shallower water propagation is less effective 
 

In deep waters, sound waves can travel relatively undisturbed, so that transmission loss is mainly a factor 
of distance. Gradients of temperature and salinity can influence the speed of the sound waves and thus 
affect the waveform patterns that are received. In shallow waters, however, the distance between the 
water’s surface and the sea floor is too small for the sound waves, and they begin to break up and become 
scattered, greatly reducing their received levels if the bathymetry (seafloor topography) is rugged or 
varied, but allowing for excellent propagation if the seafloor is flat, as a wave guide is created (Cummings, 
J. et. al. 2004).  
 

Hard bottom/soft bottom radically different 
 

The composition of the seabed plays a significant, and hard to predict, role in horizontal sound 
propagation. Hard surfaces reflect most of the sound energy, while soft surfaces absorb/scatter the sound. 
So, transmission loss is greater in areas with soft surfaces. Unfortunately, the sea bed often contains 
patches of both hard and soft areas, making it very difficult to model likely transmission loss, and thus 
received level (Cummings, J. et. al. 2004).  
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Examples of measured propagation at various ranges 
 

McCauley (2000) made direct measurements of the received levels around an active seismic survey vessel, 
at distances of 1km to 50km. At each distance, there tended to be about a 10dB variation in received level, 
likely the result of localized transmission loss differences.  
 
 
Distance 

Mean received level (dB re 1 μPa2.s, equivalent energy) 
(increase by 13dB for RMS, 28dB for peak to peak) 
 

1km 160dB 

2km 150 

3km 145 

4km 140 

5km 137 

10km 125 

20km 116 

30km 110 

40km 106 

50km 103 
 
 

From a decibel perspective, current regulatory consensus is that received levels of over 180dB (peak to 
peak) are likely to cause significant impacts on sea creatures; this compares to 152dB in equivalent energy. 
According to these measurements, then, the zone of significant impact will be out to almost 2 km from the 
ship. Behavioral, and likely perceptual, impacts are likely at far greater distances (Cummings, J. et. al. 
2004). 
 

Managing Cumulative Exposure Times over a Seismic Survey 

 
Most studies have focused on the effects of exposure to a given level of transient sound, but McCauley 
(2000) took the analysis a step further, creating a map showing the cumulative exposure likely over the 
course of a full seismic survey, whatever its duration (generally a few days to a few weeks, occasionally a 
few months). This is most relevant to resident species, which may be exposed to the full survey; migratory 
species would pass through in a relatively short time.  
The exposure model looks at how many individual air gun shots would be received at a level of 155dB re 
1μPa2.s (equivalent energy) or higher over the course of a four-month survey. Results are sobering: an 
area roughly 60km by 90km in size would be subject to 40,000 shots at this biologically significant level 
(over 300 per day on average). An area of about 150km by 120km would experience 20,000 shots, and an 
area of 240km by 200km would hear 1000 shots in the course of the survey .  
 
While this is an unusually long and wide-ranging survey, leading to exceedingly high numbers of shots over 
the threshold, McCauley’s exposure modeling approach would provide similarly useful insight for smaller 
surveys measured on the scale of shots over 155dB re 1μPa2.s per day, or per hour, in the area being 
surveyed. It is likely that this sort of detailed analysis of cumulative impacts could be used to adjust survey 
boundaries in ways that would protect resident species from highly disruptive repeated exposure 
(Cummings et.al. 2004).  
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Effects on Marine Life 
 

A wide variety of studies have shown that cetaceans, fish, squid, and turtles respond to seismic airgun 
sounds. Not surprisingly, louder sounds lead to increased response: low levels of exposure generally elicit 
modest changes in swimming behavior, while increasing sound levels lead to avoidance and/or startle 
responses. More surprising is that significant behavioral responses happen for all these creatures at 143-
152dB re 1 μPa2.s (equivalent energy; 172- 180db peak to peak). McCauley observes that “the hearing 
systems of baleen whales, sea turtles, fishes and squid are fundamentally different, yet the received air-
gun level range over which responses seem to become significant is within 10 dB for these diverse groups” 
(McCauley, 2000,). At this point, the reasons for this convergence can only be speculative; they may 
involve unknown evolutionary pressures, or a limitation in hair-cell mechanics in a wide range of ear 
systems (tiny hairs in ears are responsible for primary perception of sound).  
 

Dalen and Knutsen (1986 cited in Davis et al. 1998) studied the impact of air gun arrays on fish stock levels, 
and concluded that mortality and damage are limited to distances of less than 5 m (16 ft) from the air 
guns, with most frequent and serious injuries at distances of less than 1.5 m (5 ft). On a stock level they 
estimated a 
day rate of natural mortality. Eggs and larvae that are closer than 3 m (10 ft) can be damaged by individual 
air guns, and Davis et al. (1998) calculated that some mortality can occur at a distance of up to 5.5 m (18 ft) 
from the largest array. 
 

Dalen and Knutsen (1986 cited in Davis et al. 1998) found no effects to Atlantic cod eggs, larvae and fry 
when received levels were 222 dB. Fish larvae in this experiment that were exposed to an air gun with a 
SEL of 230 dB were damaged within a radius of 5 m (16 ft). Anchovy eggs were severely damaged 0.5 m 
(1.6 ft) from the source with some damage at 5 m (16 ft). Survival at 10 m (33 ft) was close to that of 
controls (Kostyuchenko 1973 cited in Davis et al. 1998).  

Saetre and Ona (1996) applied a “worst-case scenario” mathematical model to investigate the effects of  

seismic sound on fish eggs and larvae. They concluded that mortality rates caused by exposure to seismic  

airgun sound are so low compared to the natural mortality that the impact of seismic surveying on  

recruitment to a fish stock must be regarded as insignificant.   

Avoidance and startle responses to air gun sounds seem to begin in the range of 2-15 km, depending on 
the species and the situation. Current standard operating procedures, which call for shut down of airguns 
when whales or dolphins are within 100m to 1km of the ship are designed primarily to avoid causing 
physiological damage at close range. There is mounting evidence of consistent and meaningful avoidance 
on the part of many species at much greater distances, which deserves closer consideration in setting 
operational standards. Apparent contradictions are also observed where dolphins choose to swim with 
airgun arrays for extended periods of time, and humpback whales approach survey vessels, apparently 
curious about the sounds (Cummings et.al. 2004).  
 
A summary of the biological effects noted during the McCauley 2000 study, the air-gun level at which the 
effects were noted (in units of mean squared pressure) and the approximate horizontal range from a large 
seismic survey array to which this level extends, are listed in the table below. It must be cautioned that 
these air-gun levels pertain to this set of observations. For the sea turtle results only two individuals were 
tested over two trials. There may be considerable variability in the level required to induce similar effects 
in species other than those tested or under different circumstances. This may be particularly true within 
the fishes for which large differences in inherent behavioural responses to applied stresses and in their 
hearing capabilities exist. It should also be noted that the results for trials with sea turtles, fishes and squid 
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listed in the table below were carried out on caged animals. There are advantages and disadvantages to 
carrying out trials in cages. The rationale in this set of trials was that a detailed analysis of the types of 
effects under controlled conditions could be obtained and that an understanding of these effects could 

then guide follow up observations on wild or more free ranging species.   

 

 
Animal group  

Effects  

 
Level (dB re 1 μPa 
mean squared 
pressure)  

 
Approximate 
maximum 
range from 
measured 

array
1 

(km)  

 
Humpback whales moving 
about seismic vessel  

 

Standoff range for migrating 
humpbacks  

 
157-164  

 

 
1.8 - 4.6  

 

Humpback whales approached 
with airgun in key habitat type  

resting pods with cows begin 
avoidance  

140  9-15  

 
Humpback whales approached 
with air gun in key habitat 
type  

 

resting pods with cows 
standoff range  

 
143  

 

 
7.3-12  

 

Humpback whales approached 
with airgun 

maximum level of single 
airgun tolerated by 
investigating probable male 
humpbacks, although this 
possibly due to visual clues  

179  0.65 - 1.1  

    
Green & loggerhead turtle, 
cage trial  

 

noticeable increase in 
swimming behaviour 

166  

 

1.5 - 2.6  

 

Green & loggerhead turtle, 
cage trial  

Turtle behaviour becomes 
increasingly erratic with 
avoidance probable  

175  0.8 - 1.4  

    

Various finfishes, cage trials  

common 'alarm' behaviour of 
forming 'huddle' on cage 
bottom centre, noticeable 
increase in alarm behaviours 
begins at lower level  

156-161  2.1-5  

 rapid increase in hearing   
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Fish ear model  stimulus begins  > 171  1.1-1.8km  

 
Fish P. sexlineatus, cage trials  

persistent C- turn startle 
response 

 
182-195  

 
0.2 - 0.8  

 
Various finfish, cage trials  

no significant physiological 
stress increase  

 
146-195  

 
0.2 - 9.8  

 
Fish Chrysophrys auratus & 
others, cage trials  

pathological damage to 
hearing systems  

 
3

????  

 
3

????  

    

Squid, cage trials  
startle (ink sac fire) and 
avoidance to startup nearby  

174  0.9 - 1.5  

 
Squid, cage trials  

 

noticeable increase in alarm 
behaviours 

 
156-161  

 

 
2.1-5  

 

Squid  

 

significant alteration in 
swimming speed patterns, 
possible use of sound 
shadow near water surface  

166  

 

1.5 - 2.6  

 

 

Table: Summary of biological effects of nearby air-gun operations from the McCauley 2000 study. All units 
are given as dB re 1 μPa mean squared pressure. Superscripts are: 1 - Based on measurements from a 2678 
cui array made in approximately 120 m water depth and calculated for 32 m depth receiver, with 
interpretation accounting for source beam pattern only. These ranges should be considered a GUIDE only 
and will differ from survey to survey depending on source, environment and receiver depth; 2 - the 
'standoff' range defines the closest distance at which these animals will approach an airgun source or will 
allow the airgun source to approach; 3 - Precise exposure history of trials known but ramped approach-
departure meant levels required to produce damage not known.  

The ranges quoted in the above table were derived by using the level for a given effect as measured in 
trials, and finding the range at which this level was reached as measured from a large 3D air-gun array. The 
ranges could be considered as "zones of effect". It must be noted that the ranges listed will vary depending 
on the circumstances of the particular seismic survey. The range to reach a specified level will be more or 
less for different sources or environments and cannot be quoted universally. In shallow water or for 
smaller capacity arrays the ranges will likely be less, for larger arrays or more focused 2D arrays the ranges 
may be greater.  

To consider the scale of biological effects for a given seismic survey, as well as direct effects as listed in the 
above table, scale and time factors need to be also factored into analysis. Thus the "zones of effect" 
(specific for each airgun signal), the geographic layout of the seismic survey and the survey duration all 
need to be considered to give some idea of the full impact of a specified seismic survey. A small seismic 
survey may comprise only several thousand signals spread over several days in a comparatively large area, 
whereas an intense 3D program may involve several hundred thousand signals spread over weeks to 
months in a comparatively small area. To give a guide for interpreting this scale of effects for any given 
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seismic program, an exposure model was produced. This output a contour plot of the number of airgun 
signals exceeding some "effect threshold" for the survey region through time. This approach then 
produced a "probability" plot, with a prediction of the scale and persistence of effects in space and time 
(McCauley et. al. 2000).  

 
Additional examples of seismic impacts are shown in the above table. Source: Nowaceket. et al., 2015. 
 

Physiological Effects 
 

Consideration of the physiological impacts of anthropogenic sounds must include more than discussion of 

gross tissue damage. To appreciate the ways that powerful human sounds (which saturate large areas of 
the ocean with powerful acoustical energy) may affect the finely-tuned and integrated acoustic and tactile 
senses of water creatures will require us to step outside the frameworks of our own perceptual systems 
(Cummings et.al. 2004).  
 
The properties of water create sensual realms outside of our perceptual grasp. Water is not as 
homogeneous as air; it has density and pressure gradients that vary widely with turbidity and turbulence, 
salinity and temperature. These swirling nuances of density affect the transmission of acoustical energy in 
water, allowing animals a sense of current, thermal and chemical characteristics with perceptions tuned 
into these conditions (Stocker, 2004). 
 
Fishes respond to pressure gradients with both their “lateral lines” (running down their sides, and 
containing hairs and cellular structures similar to those found in the ears of terrestrial animals) and swim 
bladders (which are sometimes used for sound production, and in some species are connected by a set of 
bones to the fish’s inner ear). Our sound measuring tools all measure pressure gradients, as does the 
fishes’ lateral line. But fish also have particle motion sensors, and they respond to subtle phase differences 
using both systems (and so join instantly in schooling movements or respond to the disturbance on the 
surface caused by food source such as an insect or piece of plant or animal tissue). 
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Whales and dolphins, like fish, do not have outer ears (they would cause turbulence) or eardrums (which 
would not withstand the extreme pressure changes underwater). It seems that toothed whales perceive 
sound largely though coupling of the lipids in the jaw to the inner ear, with some recent indications that 
bone conduction also plays a role. The melons of toothed whales (also filled with lipids) appear to play a 
central role in sound production, and possibly some perceptual role as well. Our understanding of the 
hearing systems of baleen whales, which are centered on perception of low frequencies, is almost purely 
speculative, based on observing their behavior from a distance and trying to comprehend strange organs 
that bear little resemblance to those we know from land creatures more interested in middle and higher 
frequency sounds (Cummings et.al. 2004). 
 

Pathological direct damage 
 

There is very little evidence of direct tissue damage caused by seismic surveys. This can be partly attributed 
to the standard procedure of gradually ramping up the sound, and the constantly moving vessel, both of 
which tend to make the appearance of airgun noise be gradual enough to allow animals to avoid intense 
exposure. It is also clear that we have virtually no direct observations about the short or long-term 
physiological effects on wild creatures, since they cannot be examined.  
 
In a study by McCauley, Fewtrell, Popper, 2002, it showed clear tissue damage from exposure to airguns 
involves pink snapper. In this caged exposure study, a single airgun was moved toward and away from the 
fishes several times over the course of a two and a half hour trial, exposing them to sound in the range of 
145-180 dB re 1μPa (mean squared pressure). The fish experienced severe damage to the sound-sensitive 
hair cells in their ears, and in contrast to earlier studies, there was little or no regeneration of these cells 
over time. The main caveat to this study is the obvious one: had the fish not been caged, they likely would 
have swum away. Nevertheless, it shows a clear mechanism by which exposure to elevated sound levels 
can cause permanent damage to fish ears.  
 

McCauley et al. (2003) demonstrated that the ears of fish exposed to an operating airgun sustained 
substantial damage to their sensory epithelia characterized by ablation of hair cells. Peak-to-peak SPLs of 
212 dB re 1μPa were recorded but the exact levels/distance at which such damage may have occurred is 
unknown since the airgun was towed repeatedly from a maximum distance of 800m to a minimum of 5 m. 
Damage may have occurred at any period during their exposure, or as a result of cumulative exposure. 
While caution is clearly required in terms of extrapolating the results of captive held fish to field 
conditions, the results clearly demonstrate damage to fish hearing apparatus from seismic operations can 
occur. However, relatively short-term studies of captive individuals may miss longer term increases in 
mortality rates (Hirst and Rodhouse, 2000).  
 

Behaviour 
 
Behavioral changes in fish exposed to human-generated sounds range from startle and avoidance 
responses to more subtle reactions such as changes in swimming activity, vertical distribution, and 
schooling behavior. A relationship between sound source level and the strength of the response is often 
observed, leading to behavioral responses of stronger intensity when a sound stimulus is progressively 
increased (Blaxter et al. 1981; Pearson et al. 1992).  

 
“While auditory trauma caused by airguns, particularly from short or single exposures may impair an 
individual, that is unlikely to impact most populations. Long-term constant noise that disrupts a habitat or 
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key behavior is more likely to involve population level effects. In that sense, the question of individual 
hearing loss or animal loss from a single intense exposure is far less relevant to conservation than a more 
subtle, literally quieter but pervasive source that induces broad species loss or behavioral disruption”. -
Darlene Ketten, testimony before House Resources Committee, 2001 (Cummings et.al. 2004). 
 

Cetaceans 
 
Darlene Ketten, perhaps the world’s foremost authority on cetacean hearing systems, stated at a marine 
mammal health conference that “a surprisingly large number of stranded animals, nearly 50 percent, show 
evidence of some form of auditory compromise or pathology that correlates with low to profound hearing 
loss in other species,”(Cummings, J. et. al. 2004). 
 

Despite correlations between cetacean stranding events and seismic activity being demonstrated, a causal 
link between cetacean stranding and seismic exploration is disputed due to lack of clear data (Compton et 
al., 2008). However, marine seismic activities are well acknowledged as potentially significant impacts on 
marine mammals (whales, seals, sea lions and dolphins) (e.g. Mate et al., 1994; Richardson and Würsig, 
1997; Gordon et al., 2003).  
 
Potential biological effects of airgun noise on marine mammals include physical/physiological effects, 
behavioral disruption, and indirect effects associated with altered prey availability. Physical/physiological 
effects could include hearing threshold shifts and auditory damage as well as non-auditory disruption, and 
can be directly caused by sound exposure or the result of behavioral changes in response to sounds, e.g. 
recent observations suggesting that exposure to loud noise may result in decompression sickness. Direct 
information on the extent to which seismic pulses could damage hearing are difficult to obtain and as a 
consequence, the impacts on hearing remain poorly known. Behavioral data have been collected for a few 
species in a limited range of conditions. Responses, including startle and fright, avoidance, and changes in 
behavior and vocalization patterns, have been observed in whales, dolphins and pinnipeds and in some 
case these have occurred at ranges of tens or hundreds of kilometres.  
 

Avoidance/stand-off/swimming behavior changes 
 

The most commonly observed behavioral changes are avoidance (changing course to avoid close travel 
past a sound source; this can include moving away, or continuing to come closer at an oblique angle), 
stand-off (coming no closer to a sound source), and change of swimming patterns (speeding up, startle 
responses, increased disorderly swimming).  
 
Bowhead whales, residents of Arctic waters, appear to be among the most sensitive to airgun sounds. 
Initial behavioral changes were seen up to 8km away, at received levels of 142-157 dB re 1μPa, and 
bowheads started moving actively away from the survey vessels at ranges from 3-7.2km. Rapid swimming 
away began at 152-178 dB re 1μPa, with activity clearly disrupted for 1-4 hours afterwards. Some subtle 
effects, such as changes in surfacing and blowing rates, were apparent up to 54-73km from an active 
airgun array, where received levels were as low as 125 dB re 1μPa. 
 
Grey whales have shown pronounced avoidance responses at 2.5km (received level 170dB re 1μPa)49, 
with less consistent or dramatic responses suspected at received levels of 140-160dB re 1μPa. Some subtle 
behavioral changes in surfacing patterns seemed to persist for more than an hour after seismic shooting 
ceased. Note that in each of these species, clear behavioral responses are common at levels far below the 
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current 180dB re 1μPa threshold, and often far beyond the 1km radius considered the industry standard 
“exclusion zone”. 
 

Migrating humpbacks encountering an active seismic survey showed avoidance at 4-5 km (received level 
140dB re 1μPa2.s / 168dB re 1μPa2 peak-to-peak). The stand-off range appeared to be about 3km 
(received level 144-151dB re 1μPa2.s).  
 

Controlled exposure trials with a group of resting cow and calf humpbacks showed much lower tolerance 
for airgun sounds: avoidance was seen at received levels of 97-132dB re 1μPa2.s and stand-off at levels of 
116-134dB re 11μPa2.s. This would translate to avoidance of an airgun array at 7-12km. It is clear that in 
most circumstances, whales would prefer to remain at distances that are significantly farther than current 
mitigation measures are designed to accommodate.  
 

Though sperm whales vocalize at higher frequencies than baleen whales or the bulk of airgun noise, 
seismic survey sounds do at times cause some responses. Sperm whales have been observed in the Gulf of 
Mexico apparently moving away, to as far as 50km, when surveys began, though this has been 
contradicted by other studies; likewise, some (but not all) sperm whales in the Indian Ocean ceased calling 
in the face of seismic pulses that were 10-15dB above the background ambient noise, produced by a 
survey over 300km away. Most research in the Gulf of Mexico, though, has shown surprisingly little 
dramatic response in the face of thousands of miles of seismic surveys being shot over the past three 
decades (Cummings et.al. 2004).  
 

Acoustic Masking 
 
Masking of communication or of important auditory cues about predators or prey will generally only 
happen when the airgun sounds are louder than the background ambient noise levels. At greater distance, 
the airgun sounds are not totally gone; they simply melt into the (now slightly increased) background 
ambient noise.  
 
Masking is most dramatic on sounds very close in frequency; when the frequency of, say, a vocalization, is 
far from the frequency of a noise source, then the vocalization will remain clear even when the noise is 
somewhat louder. While airguns discharge predominantly low-frequency sound, it is still considered a 
broad-band source, in that it does contain elements in a wide range of frequencies. It is also loud enough 
to remain distinctly audible, even at distances of tens to hundreds of kilometers.  
 

Obviously, airgun sounds that start at over 200 dB re 1μPa2 at the source are far above the ambient 
background. Even as transmission loss reduces the received levels rapidly over the first few kilometers, 
they remain clearly audible, often dominant in the soundscape. Even 100dB transmission loss, as can be 
expected in low frequencies (below 1kHz) over about 100km in deep water, and over 10-100km in 
shallower water, can often leave airguns clearly louder than the background ambient noise. It is both 
theoretically likely and often observed that seismic sounds are prominent in the soundscape at ranges of 
tens to hundreds of kilometers, far beyond the range at which they may cause physiological damage or 
obvious behavioral changes. We can only guess at what effects this may have on the communication and 
acoustic perception of ocean creatures (Cummings et.al. 2004).  
 

Masking of perception: ambient noise imaging 
 
It appears that the ambient noise of the sea “may” illuminate the underwater environment much as light 
illuminates terrestrial landscapes. Researchers have developed systems that can begin to “see” objects in 
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the underwater landscape by complex processing of the jumble of sound waves that make up the ambient 
background noise. Using the early processing systems developed so far, it seems that ambient noise 
imaging is most useful in relatively close ranges (less than 500m), and that high-frequency sounds provide 
the best resolution. Suspicion is increasing (though so far unfounded by any direct evidence) that many 
ocean creatures may use similarly subtle processing systems to decode changes in ambient noise patterns 
in order to identify individual fish or schools of prey, or to navigate through underwater topography. These 
sorts of very subtle acoustic sensitivities could be disturbed by loud transient sounds, which may be 
likened to a bright spotlight sweeping across our face as we try to see our surroundings (Cummings et.al. 
2004).  
 

Disruption of rest 
 
Perhaps one of the most overlooked aspects of anthropogenic noise impacts is the disruption of rest 
periods important to migrating, or even generally moving, ocean creatures. By easily falling back on the 
idea that creatures can simply swim away from the bothersome noise, we may neglect to appreciate that 
“swimming away” takes valuable energy and attention. McCauley (2000) clearly noted that humpback 
whales at rest were far more easily disturbed by airgun noise, than whales that were intently migrating; 
resting whales showed avoidance behavior at greater distances and lower received levels of sound. 
 

Food chain impacts 
 
There is little direct knowledge of the impacts of sound on creatures lower on the food chain, such as krill 
or plankton. It is known that some crustaceans have rudimentary auditory structures, and it is quite likely 
that most or all ocean beings make use of tactile/auditory perceptions in some way. Robert McCauley, who 
has studied the sound impacts of seismic sources on larger creatures, and has acknowledged the lack of 
data on of the use of sound by prey such as krill, was aghast at plans to allow a survey in an important blue 
whale feeding area: “It beggars belief that we can allow this to happen when we don't know the impact,” 
McCauley was quoted in the local press, “Krill also have sophisticated sensory systems. The noise effects 
on blue whales and krill and their interactions, have not been investigated.” 
 

Fish 
 
There are key anatomical features that might aid categorization of fishes into groups for which some level 
of generalization about response to sound may be possible. Anatomical features that could aid grouping 
fish species to assist with generalization of response to sound are skeleton, fat content, reproductive 
maturity, size, presence of a swim bladder and swim bladder morphology. Grouping of fishes by their 
sensitivity (generally affected by the relationship of the gas bladder to the ear) and ecological association 
may also be useful as shown in the table below.  

The potential importance of communication using sound in the life of fishes is now appreciated. The 
reasons for sound production are less certain but may be related to reproduction (e.g., courtship, mate 
selection, parental care), aggression (e.g., territory defence) and possibly as an escape response (e.g., some 
fish produce intense sound when captured). Sound interception also plays an important role in fish 
ecology. For example, many species are attracted to the sounds of their prey while others react to sounds 
made by their predators or rivals (Myrberg, 2002).  

It is possible that man-made sound could mask or otherwise interfere with fish communication. The 
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consequences of interruption in communication between fishes are essentially unknown.  

 

 

 
 
Table showing grouping of fishes by sensitivity of seismic sound and ecological association prepared at the 
Halifax workshop on the effects of sound on fish behavior (Source: CEF Consultants Ltd. 2011). 
 
Fish do not have external ears to help collect and direct sound waves towards internal hearing organs. 
Rather, sound waves pass through a fish's body until they reach the inner ear, which is composed of the 
utricle, the saccule, the lagena and three semicircular canals. The utricle, saccule and lagena (together 
referred to as the labyrinth) are membranous organs containing bony otoliths that vibrate in response to 
pressure waves. Vibration stimulates the surrounding hair cells, and this results in transmission of signals 
to the brain, which are interpreted as sound. The semicircular canals present in the inner ear provide a fish 
with its sense of balance. They are fluid-filled with sensory hairs to detect rotational acceleration of the 
fluid (Worcester, T., 2006). 

Fish hearing via the inner ear is typically restricted to low frequencies. As with other vertebrates, fish  
hearing involves a mechanism whereby the beds of hair cells (Howard et al. 1988; Hudspeth and Markin 
1994) located in the inner ear are mechanically affected and cause a neural discharge (Popper and Fay 

1999).   

An alternate pathway for sound waves to reach the inner ear is via the swim bladder. Many fish species 
have a swim bladder, which is a gas-filled chamber (fat filled in some deep water species) that may also 
resonate in response to sound waves. The swim bladder acts as a pressure-to- displacement converter, 
where pressure waves are converted to vibrations that travel through tissue to the inner ear. In some fish 
(e.g., Cypriniforms), the swim bladder is connected directly to the inner ear through a series of small bones 
called Weberian ossicles (Hastings, 2002). This connection between swim bladder and inner ear has been 
shown to impart greater hearing sensitivity. Other types of modifications to the swim bladder that help to 
increase its connection to the inner ear include the suprabranchial chambers of labyrinth fish (Yan, 1998) 
and the tympanic bladders of mormyrids (Fletcher and Crawford, 2001). It has been hypothesized that 
swim bladder size and corresponding resonance frequency may have an influence on hearing sensitivity.  
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It is important to recognize, however, that the swim bladder itself is not a sensory end organ, but rather an 
intermediate part of the sound pathway between sound source and the inner ear of some fishes. The inner 

  ear of fishes is ultimately the organ that translates the particle displacement component into neural 

signals for the brain to interpret as sound.   

Fish possess another avenue for low-frequency sound reception called the lateral line, which consists of 
receptors called neuromasts (hair cell clusters) that are specialised for the detection of water movement 
relative to the fish. The lateral line acts as a near-field acoustic receptor in a cross between hearing and 
touch. It may function in a variety of behavioural contexts, including prey localization, predator avoidance, 
communication during spawning, and navigation around obstacles (Webb, 2002). The relationship 
between the lateral line and the auditory system of fish is not fully understood and continues to be 
investigated (Webb, 2002; Weeg and Bass, 2002).  

Studies indicate that behavioural and physiological reactions to seismic sounds may vary between fish 
species (for example, according to whether they are territorial or pelagic) and also according to the seismic 
equipment used. Generalisations should therefore be interpreted with caution. 

 



 
 

Results of Experimental Studies using Airgun Sources 
 
Experimental and opportunistic studies conducted world-wide from 1969 to 2005 on the effects of airgun impulses on fish are summarized in the 
following Table by T. Worcester, 2006. Sound pressure levels are reported in dB re 1 μPa; however, whether these represent zero to peak (o-p), peak to 
peak (p-p), or root mean square (rms) measures was not always evident from the literature. Appendix 2 contains additional detail on each experiment, 
including objectives, methodology, results and conclusions.  

Table. Impacts of Noise Generated by Seismic Airguns on Fish. 

Effect Type  
Source 
levels 
(dB@1m)  

Meters 
from 
source  

Received 
levels (dB)  

Results  Reference  

Physical Effects  

Mortality  

 

226
1 

 2  220
2 

 
Some cod and plaice died within 48 hrs; internal injuries reported. No 
controls to test for significance.  

Matishov (1992)  

20 cui 
(2000 psi)  

1  234  
One salmon died (n=10) 60 hours after exposure; however, no external 
aberrations or internal hemorrhaging were observed. Subsequent 
reports make no mention of this fatality.  

Weinhold and 
Weaver (1972)  

Physical 
damage  

 

230
1 

 0.6-1.5  226-234
2 

 Swim bladder damage in 2 arctic cisco (n=14).  
Falk and 
Lawrence 
(1973)  

 
~3  234 (p-p)  

Swim bladders damaged in 73% of exposed adult anchovy as compared 
to 11% of controls (p=0.01).  

Holliday et al. 
(1987)  

220- 240
1 

 0.5  226-246
2 

 
Half of exposed fish suffered damage to blood cells or internal bleeding. 
Eye injuries also reported.  

Koshleva (1992)  

226
1 

 4  214
2 

 Blindness in cod and plaice. No controls used.  Matishov (1992)  
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222.6 (p-
p)  

5-800  < 212  
Significant damage to sensory epithelia (ablated ear cells) in pink 
snapper examined 58 days after exposure. No mortality.  

McCauley et al. 
(2003)  

20 cui 
(2000 psi)  

10  208  
Dislocated tissue within swim bladder of one salmon (n=10). This result 
is not mentioned subsequently and may have been discarded as 
unrelated to airgun exposure.  

Weinhold and 
Weaver (1972)  

240 cui 
(2000 psi)  

1  241  
Damaged operculum in one salmon (n=10). This was considered to be 
unrelated to exposure as missing tissue did not appear to be of recent 
removal.  

Hearing loss  202  13, 17  205-210  
Statistically significant hearing loss immediately upon exposure of adult 
northern pike to 5 pulses at 400 Hz and exposure of lake chub to 5 and 
20 pulses at 200, 400 and 1600 Hz. Recovery within 18 hrs.  Popper et al. 

(2005)  
No hearing 
loss  

202  13, 17  205-210  
No hearing differences between exposed and control broad whitefish 
or juvenile northern pike.  

No physical 
damage  

 

256 (o-p)  180  210
3 

 No physical damage observed in European sea bass.  
Santulli et al. 
(1999)  

230
1 

 3.0-3.4  219-220
2 

 
Stress observed in 2-15 arctic cisco but no overt signs of physical 
damage.  

Falk and 
Lawrence (1973)  

 ~3  
215-222 
(p-p)  

Healthy (“groomed”) anchovy exhibited no swim bladder damage at 
these levels. Results are not considered statistically significant.  

Holliday et al. 
(1987)  

222, 231  1-10  202-231
2 

 No mortality of cod fry observed.  
Dalen and 
Knutsen (1987)  

202  13, 17  205-210  
No mortality of fish held for 24 hours after exposure. No obvious 
morphological damage to swim bladder, eyes, gills or other organs.  

Popper et al. 
(2005)  
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220- 240
1 

 1  220-240
2 

 No acute effects observed at this distance.  Koshleva (1992)  

Physiological Effects  

Change in 
physio- logical 
measures  

256 (o-p)  180- 6500  194-210
3 

 

Increase in sea bass serum cortisol, glucose and lactate immediately 
after exposure with recovery in 72 hrs. Decrease in serum adenylates. 
Muscle and liver cortisol increased initially but returned to normal in 72 
hrs. Glucose and lactate levels in liver increased over 6 hrs. Glucose and 
lactate levels in muscle increased from 6-72 hrs. Camp in muscle and 
liver increased over 72 hours with no return to pre-exposure levels.  

Santulli et al. 
(1999)  

No effect   200- 9800  
146-195 
(rms)  

No statistically significant stress increases which could be directly 
attributed to airgun exposure.  

McCauley et al. 
(2000)  

Behavioural Effects  

Startle 
response  

 

256 (o-p)  180- 2500  199-210
3 

 

Startle response from European sea bass starting when vessel 
approached within 2500 m, return to pre-exposure behaviour when 
vessel passed to 1 nm.  

Santulli et al. 
(1999)  

223 (o-p)   200-205  Startle response by black and olive rockfish.  
Pearson et al. 
(1992)  

 5.3-195  195-218  Startle (c-start) reaction of pollock to all airgun shots.  
Wardle et al. 
(2001)  

  
182-195 
(rms)  

Persistent startle (c-start) response in all trials. Greater response in 
small fish.  

McCauley et al. 
(2000)  

Change in 
vertical 

220
1 

 < 55  ~185
2 

at 
55 m  

Downward movement of whiting to form compact layer at 55 m.  
Chapman and 
Hawkins (1969)  
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position  

 

223 (o-p)  ~82- 183  186-191  Decrease in average rockfish aggregation height.  
Skalski et al. 
(1992)  

249.9  100- 300  200-210  
Statistically significant reduction in echo sounder abundance of 
demersal fish (36% reduction); fish presumably forced to bottom since 
catch rates increased by 34 and 290%.  

Dalen and 
Knutsen (1987)  

222.6  20, 50  197, 189
2 

 
Blue whiting and mesopelagics descended in water column (20 and 50 
m deeper respectively).  

Slotte et al. 
(2004)  

223 (o-p)   177-180  
Black rockfish schools collapsed to bottom when airgun started. 
Returned to pre-exposure behaviour within 20-60 min.  

Pearson et al. 
(1992)  

223 (o-p)   186-199  
Vermillion and olive rockfish either rose in water column and eddied at 
increased speed or moved closer to bottom and became almost 
motionless. Returned to pre-exposure behaviour within 20-60 min.  

 

  
>156-161 
(rms)  

Aggregation in bottom centre of enclosure.  
McCauley et al. 
(2000)  

256 (o-p)    
Change in vertical distribution of pelagic fish. In particular, reduced 
acoustic density within the top 16 m.  

La Bella et al. 
(1996)  

Change in 
horizontal 
distribution  

 

249  < 37 km   

Acoustic density of cod and haddock reduced by 45% during exposure, 
continued decrease to 64% 5 days after exposure. (250-280 m water 
depth)  

Engas et al. 
(1996)  

223  < 37 km  
 

Average density of mesopelagic fish (including herring and blue 
whiting) was lower in seismic survey area, with increasing abundance at 
distance. Fish density seemed higher about 37 km from center of 
survey area.  

Slotte et al. 
(2004)  

249.9  100- 300  200-210  Statistically non-significant reduction in echo sounder abundance of 
blue whiting (54% reduction) and small pelagics (13% reduction). 

Dalen and 
Knutsen (1987)  
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Presumed to have migrated out of area (100-300 m water depth).  

Change in 
swimming 
behaviour 

 

  
156-161 
(rms)  

Faster swimming and formation of tight groups.  
McCauley et al. 
(2000)  

256  180  210
3 

 

Sea bass bunched in the center of the enclosure with random 
orientation and increased swimming speed. Recovery within 1 hr of 
exposure.  

Santulli et al. 
(1996)  

222, 231  1-10  202-231  
Temporary problems with balance in cod fry. Recovery after a few 
minutes. No significant difference in feeding behaviour as compared to 
controls (202-222 dB).  

Dalen and 
Knutsen (1987)  

223 (o-p)   177-180  
Increasingly tighter schools of blue rockfish with increasing sound 
levels.  

Pearson et al. 
(1992)  

  < 218  
Day-to-night movements of two tagged pollock altered during longer-
term exposure to airguns.  

Wardle et al. 
(2001)  

No 
behavioural 
effect  

250
1 

   
Most tagged sea bass were recaptured within 10 km of release site (5-
30 m water depth).  

Pickett et al. 
(1994)  

  < 218  
Two tagged pollock did not move away from reef (10-20 m water 
depth).  

Wardle et al. 
(2001)  

202  13, 17  205-210  
Normal swimming behaviour of northern pike, broad whitefish and lake 
chub during exposure.  

Popper et al. 
(2005)  

Fisheries Effects  

Change in 
catch or effort  

249.9  100- 300m  > 200 at Increase in demersal fish catch by 34% and 290%.  
Dalen and 
Knutsen (1987)  
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 depth
2 

 

239  < 9.3 km  161
1 

at 5 
km  

Reductions of 55-80% in longline catches of cod within 9.3 km (5 nm) of 
seismic survey area.  

Løkkeborg 
(1991)  

239- 250  < 9.3 km  160-171
1 

 

Reductions in shrimp trawl by-catch of cod by 79 and 83% within 9.3 
km (5 nm) of seismic survey area. Increases of cod by-catch in saithe 
trawl of 300%. Return to pre- exposure catches within 12-24 hrs.  

Løkkeborg and 
Soldal (1993)  

223 (o-p)  < 165 m  186-191  
Average decline in rockfish catch-per-unit effort of 53% within seismic 
survey area.  

Skalski et al. 
(1992)  

249  < 33 km   

Statistically significant reductions in trawl and longline catch of cod and 

haddock within a 74 km
2 

study area upon exposure to a seismic source. 
Trawl catch of cod reduced by 69% within the 5.6x18.5 km seismic 
survey area and 45-50% outside seismic survey area. Trawl catch of 
haddock reduced by 68% within seismic survey area, 56% 2-17 km from 
survey area and 71% 30-33 km from survey area. Longline catch 
reduced by 45% in survey area, 16% at 1.9-5.6 km from survey, 25% at 
13- 17 km from survey. Longline catches of cod tended to increase 
within the seismic survey area, while haddock longline catches were 
reduced by 67% within the seismic survey area.  

Engas et al. 
(1996)  

No effect on 
fisheries  

 

250
1 

 1-23 km   No significant change in hook and line catch rate of European sea bass.  
Pickett et al. 
(1994)  

256 (o-p)    No significant changes in trawl or gillnet catch.  
La Bella et al. 
(1996)  

   
Statistical analysis of logbooks showed no statistically significant effect 
of seismic surveying on catch rates; however, 75% of fishermen 
believed they had observed an effect. No lasting impacts on fisheries 

Jakupstovu et al. 
(2001) reported 
in Gausland 
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success.  (2003)  

1 
source levels as estimated by Turnpenny and Nedwell (1994). 

2 
received levels as estimated by spherical spreading (20logR). 

3 
received levels as 

estimated using spherical spreading, 20logR, to water depth and cylindrical spreading, 10logR, for remaining distance.  
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Engås et al (1996) stands as the most definitive study to document what has long been 
observed by fishermen: when seismic surveys are taking place, the fish leave. Engås noted 
reductions in catch rates of cod and haddock up to 18 nautical miles from the survey area 
(which was 3 x 10 nautical miles in size); acoustic mapping of the survey area showed a 45 
percent reduction in fish numbers during the shooting, with numbers continuing to drop 

after shooting finished, to a total decline of 64 percent. Catch rates within the survey area 

fell 68 percent; in surrounding areas, catch rates fell 45-50 percent. Virtually all the larger 

cod (over 60cm) left the shooting area; among haddock, there was still some evidence of 
larger fish still being caught, though at a reduced proportion relative to before the survey. 
Catch rates at greater distances from the survey showed increasing proportions of larger 
fish. The study followed fish numbers via both catches and acoustic mapping for five days 
after the survey; while there was some return of fish (and proportionately more larger fish) 
during this time, stock numbers were still well below the starting point after five days of 
quiet.  
 

 

 
 
 
Similar reductions in catch rates caused by seismic activity were founded in an analysis of 
catch data obtained from commercial fishing vessels that happened to be operating on 
fishing grounds where seismic surveys were being carried out (Løkkeborg and Soldal 1993). 
This analysis found a 55-80% reduction in longline catches of Gadus morhua and a reduction 
of 80-85% in the bycatch of Gadus morhua in shrimp trawling.  
 

By comparison, the Norwegian Petroleum Directorate (NPD) carried out a 3D seismic survey 
in 2009 (approximately 15 x 85 km2) outside Vesterålen, in the Norwegian Sea. The period 

5500 sq. km represented 

Before 

During 

After 

 

 

In seismic shooting 

area (5.5x18.5  

km): 

 

 

 

 

Catches of 

haddock and cod 

down by 70% 

 

 

Fish abundance,  

catch rates didn’t 
return to pre-

seismic levels 

5 days after 

seismic shooting 

stopped 

(Engås et al. 1996) 
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was chosen based on advice from the Directorate of Fisheries, the Institute for Marine 
Research (IMR) and the fishermen’s organisations, with the aim of conducting the survey 
during a period when the seismic acquisition activity would cause as little inconvenience as 
possible to the fishing industry, and avoiding spawning periods (Landrø M., 2011).   
 
The seismic vessel was equipped with eight streamers and two seismic sources, each with a 
total volume of 3,500 cu.in. (57 l). The sources were fired alternatively in a “flip-flop” 
configuration at 138 bar (2,000 psi) every 10s. A total of 41 lines, around 85 km long and 
400m apart, were shot.   
 
The airgun sound pressure was measured at the sea floor by deploying a hydrophone rig at 
various locations. The figure shows the sound pressure level from one seismic survey line 
relative to the distance from the airgun array. The hydrophone rig was at 184m depth. At 
the start of the line, about 46 km from the rig, the sound pressure level was measured at 
140 dB re 1 μPa, and it kept almost constant until the vessel was at 30 km distance. As the 
vessel approached, the sound pressure level steadily increased up to 170 dB @ 6 km. Then 
the level increased more rapidly and the maximum at 191 dB was obtained when the vessel 
passed close at distance of 500m. The sound level turned out to be somewhat higher with 
distance after the vessel passed than that when it approached the rig, probably due to 
variation in water depth.  
 

The measurements show that the fish in the survey area were exposed to varying levels of 
sound pressures, depending on their distance from the seismic vessel. At 30 km distance 
from a fish field the sound pressure level was 140 dB, which is well above the hearing 
threshold of codfish but still below their threshold for behavioural change.   
 
The highest sound level measured at the hydrophone rig at a depth of 184m was 191 dB, 
when the vessel passed at a distance of 500m. At this level, fish at this distance would be 
expected to react strongly if they have not already chosen to swim away, with known 
reactions including increased swimming activity, startle responses, changes in schooling 
behaviour, and vertical movement.   
 
Sound measurements in the area of line catch of haddock showed a sound pressure level of 
maximum 155 dB @ 10 km. Fish can hear this level but it will probably not induce 
behavioural changes. For several weeks the seismic vessel operated many kilometres away 
from the haddock lines, so the fish were first exposed to low sound levels over a long time. 
Then the vessels approached the catch area, and the sound level gradually increased.   
 

Fish are known to adjust to external influences. For instance, a novel sound in their 
environment, like seismic, may initially be distracting, but after becoming accustomed to it 
their response to it will diminish. This decrease in response to a stimulus after repeated 
presentations is called habituation.    
 
Habituation may have led to the higher response levels for haddock. However, lower line 
catch rates for haddock as the seismic vessel approached the lines indicate that the haddock 
reacted to the seismic sound at closer distances. 
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The survey clearly indicated that fish react to the sound from the seismic guns by changing 
their behavior, resulting in increased catches for some species and smaller catches for 
others. It appears that pollack and parts of the schools of saithe migrated out of the area, 
while other species seemed to remain. Analyses of the stomach contents in the fish caught 
did not reveal changes attributable to the seismic survey. Neither were any changes in the 
distribution of plankton proven during the seismic data acquisition.    
 
The most probable explanation for both increased and reduced catches for the different 
species and types of fishing gear is that the sound from the air guns put the fish under some 
stress, causing increased swimming activity. This would, for example, explain why Greenland 
halibut, redfish and ling were more likely to go into the net, while long line catches of the 
same species declined.   
 

However, the results of this study, showing few negative effects of seismic shooting, deviate 
from the results of previous studies, which demonstrated considerable reductions in the 
catch rates for trawl and line fishing. In research from the North Cape Bank in the Barents 
Sea in 1992, reported in Engås et al (1996, 2002), the seismic acquisition activity was 
concentrated within a smaller area, 81 km2. The vessel was equipped with two streamers 
and one 5,012 cu.in. seismic source. There were 36 sail lines, around 18.5 km long, with a 
separation of 125m, compared to 450m for the Vesterålen survey, entailing a stronger and 
more continuous sound impact on the fish than in the Vesterålen study. In terms of the 
number of shots per square kilometer and hour, the sound influence was approximately 19 
times higher in the 1992 survey than in the Vesterålen survey (Løkkeborg et al, 2010). The 
results of this comparison appear simple and important, the stronger the survey sound 
impact, the greater the impact on the fish within the survey area.  
 

An analysis of the official catch statistics from an area with seismic surveys in Norway in 
2008 also showed very different results (Vold et al. 2009): Catch rates of Atlantic cod (Gadus 
morhua), ling (Molvamolva), tusk (Brosme brosme) and Atlantic halibut (Hippoglos 
sushippoglossus) were not changed significantly. Catch rates of red-fish and monkfish 
(Lophius piscatorius) seemed to increase, while catch rates of saithe and haddock caught in 
gillnet decreased and catches with other gear was not affected. The majority of the seismic 
surveys included in the analysis were 2D and scattered in time and space, which is why 
major influences on the fisheries was not expected. 

Turnpenny et al. (1994), based on a number of studies of seismic sound impacts on different 
species, using rough estimations of received sound pressure levels (SPLs) at catch locations, 
and concluded that catchability is reduced when received SPLs exceed 160 to 180 dB re 1 
μPa0-p. They also concluded that reaction thresholds of fishes lacking a swim bladder (e.g., 

flatfish) would likely be about 20 dB higher. Given the  considerable variability in sound 

transmission loss between different geographic locations, the SPLs that  were assumed in 

these studies were likely quite inaccurate.   

Turnpenny and Nedwell (1994) also reported on the effects of seismic airgun discharge on 

inshore bass  fisheries in shallow U.K. waters (5 to 30 m deep). The airgun array used had a 

source level of 250 dB re 1 μPa m0-p. Received levels in the fishing areas were estimated to 
be 163–191 dB re 1 μPa0-p. Using fish tagging and catch record methodologies, they 
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concluded that there was not any distinguishable migration from the affected area, nor was 
there any reduction in bass catches on days when seismic airguns were discharged. The 
authors concluded that effects on fisheries would be smaller in shallow nearshore waters 

than in deep water because attenuation of sound is more rapid in shallow water.   

Skalski et al. (1992) examined how single air gun emissions affected catch ability in the 
Sebastes spp. hook-and-line fishery on the coast of California. A survey vessel traversed over 
fish aggregations on rock pinnacles at depths of 82-183 m and produced sound levels of 
186-191 dB re 1 μPa at the base of Sebastes aggregations. There was an average decline in 
total catch rates of 52% during periods of sound emissions. This overall decline was 
reflected in the individual catches of three of the five most abundant Sebastes species 
caught. There was no sign of fish dispersing from the pinnacles, and the reduced catchability 
was explained by decreased responsiveness to baits and behavioral changes because fish 
schools were observed descending in the water column.  

McCauley (2000) studied responses of species exposed to sounds from a single airgun in 
caged trials. Caged fish trials showed classic “c-turn” startle responses and a tendency to 
gather together in tight groups at the bottom center of the cage at levels above 145-150dB 
re 1μPa2.s.  
 

 
Table: Generalised fish behavioural response to approaching air-gun. Units in dB re 1 μPa 
mean squared pressure (McCauley et al, 2000). 

It is interesting to note that in the Fewtrell and McCauley 2012 study, the fish were 
observed to aggregate at the bottom of the cage where the airgun noise levels were 
highest. Bottom dwelling has reportedly been used as a behavioural indicator of general 
anxiety in fish (Cachat et al., 2010; Maximino et al., 2010). This suggests that the 
observation of fish bottom dwelling in this study is in fact a generic ‘anxiety’ response to an 
unknown stressor approaching from the water’s surface, rather than specifically to noise.  

The study by Wardle et al. (2001) exposed a small reef system to the noise from three 2.5 L 
air guns (195–218 dB re 1 lPa peak pressure). Interestingly, although alarm responses were 
exhibited by fish, no other significant avoidance behaviours were observed. A factor that 
could have contributed to this result is that the reef system exposed consisted mainly of 
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resident species. The results may have been different for fish not territorial to a specific area 
or in an area without structural refuge. The air gun being stationary and therefore, providing 
no approaching danger signals to the animals inhabiting the reef and the relatively long gap 
between signals (i.e. P1min) in Wardle et al. (2001) may have also influenced the 
behavioural reactions of the fish.  

The startle response is the most intense behavioral reaction to sounds observed in fish and 
often occurs after brief loud noises with a rapid rise time (Blaxter et al. 1981; Eaton et al. 
2001). Startle responses have been observed in several species exposed to seismic air gun 
discharges (Sebastes spp. [rockfish], Pearson et al. 1992; Dicentrarchus labrax [European sea 
bass], Santulli et al. 1999; Gadus morhua [cod], Pollachius pollachius [Pollack], Pollachius 
virens [saithe], and Merlangius merlangus [whiting], Wardle et al. 2001). This response 
pattern may initiate an avoidance reaction to a noxious source, and observations of startle 
responses in studies of enclosed fish may thus be an indication of an avoidance reaction 
that would have taken place had the fish not been confined but observed in their natural 
environment.  

In the study by Santulli et al., 1999, caged European sea bass (Dicentrarchus labrax) were 
exposed to multiple discharges from a moving seismic airgun array with a source SPL of 
about 256 dB re 1 μPa·m 0-p (unspecified measure type). The airguns were discharged every 

25 seconds (s) during a 2 hour period. The  minimum distance between fish and seismic 

source was 180 metres (m). The authors did not indicate any observed  pathological injury 

to the sea bass. Blood was collected from both exposed fish (6 hours (h) post-exposure) and 

 control fish (6 h pre-exposure) and subsequently analyzed for cortisol, glucose, and lactate 

levels. Levels  of cortisol, glucose, and lactate were significantly higher in the sera of 
exposed fish compared to sera of control fish. The elevated levels of all three chemicals 

returned to pre-exposure levels within 72 h of  exposure.   

Santulli et al. (1999) also used underwater video cameras to monitor fish response to 

seismic airgun discharge. Resultant video indicated slight startle responses by some of the 

sea bass when the seismic  airgun array discharged as far as 2.5 km from the cage. The 
proportion of sea bass that exhibited startle response increased as the airgun sound source 
approached the cage. Once the seismic array was within 180 m of the cage, the sea bass 

were densely packed at the middle of the enclosure, exhibiting random orientation, and 

appearing more active than they had been under pre-exposure conditions. Normal  

behavior resumed about 2 h after airgun discharge nearest the fish (Santulli et al. 1999).   

Detailed observations of behavioral changes have been made in Sebastes spp. exposed to 
air gun sounds (Pearson et al. 1992). Fish held in a field enclosure showed changes in both 
swimming pattern and depth distribution during 10-min exposures to sounds from a single 
air gun. These observations suggested that subtle changes in behavior (changes in depth 
distribution and shifts to active behaviors such as eddying and milling) to sounds became 
evident at 161 dB re 1 μPa, and that changes in these behaviors became more extensive as 
sound level rose. The threshold for alarm responses (increases in activity and changes in 
schooling and position in the water) was observed at ~180 dB re 1 μPa, and the threshold 
for startle responses appeared to be between 200 and 205 dB re 1 μPa. Differences in 
response patterns were observed between the five Sebastes species studied.  
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Studies on behavioral changes in free-swimming fish exposed to air gun sounds have also 
been carried out in offshore waters. The vertical distribution of Merlangius merlangus was 
found to change in deeper waters during a seismic survey (Chapman and Hawkins 1969). 
Sebastes spp. and Micromesistius poutassou (blue whiting) were found in deeper waters in 
periods with seismic air gun shooting than during periods without shooting (Skalski et al. 
1992; Slotte et al. 2004). Horizontal movements away from seismic survey areas have been 
observed in both demersal (Engås et al. 1996) and pelagic (Slotte et al. 2004) species. 

Chapman and Hawkins (1969) investigated the reactions of free ranging whiting (silver hake) 

(Merluccius  bilinearis), to an intermittently discharging stationary airgun with a source SPL 

of 220 dB re 1 μPa · m0-p.  Received SPLs were estimated to be 178 dB re 1 μPa0-p. The 

whiting were monitored with an echosounder. Prior to any airgun discharge, the fish were 
located at a depth range of 25 to 55 m. In apparent response to the airgun sound, the fish 
descended, forming a compact layer at depths greater than 55 m. After an hour of exposure 
to the airgun sound, the fish appeared to have habituated as indicated by their return to the 

pre-exposure depth range, despite the continuing airgun discharge. Airgun discharge 
ceased for a time and upon its resumption, the fish again descended to greater depths, 
indicating only temporary habituation.  

La Bella et al. (1996) studied the effects of exposure to seismic airgun sound on fish 

distribution using  echosounder monitoring and changes in catch rate of hake by trawl, and 
clupeoids by gill netting. The seismic array used was composed of 16 airguns and had a 
source SPL of 256 dB re 1 μPa · m 0-p. The shot interval was 25 s, and exposure durations 

ranged from 4.6 to 12 h. Horizontal distributions did not appear to change as a result of 
exposure to seismic discharge, but there was some indication of a downward shift in the 
vertical distribution. The catch rates during experimental fishing did not differ significantly 

between pre- and post-seismic fishing periods.   

A research project aimed at improving understanding of how seismic surveys affect fish 
distribution, looking at gillnet and longline commercial fisheries was carried out in 
connection with the Norwegian Petroleum Directorate’s seismic survey off northern 
Norway. Seismic 3-D data were collected during a period of 38 days within an area of 8 × 46 
nmi, which overlapped with traditional fishing grounds for Reinhardtius hippoglossoides 
(Greenland halibut), Sebastes marinus (golden redfish), Pollachius virens, and 
Melanogrammus aeglefinus. A research vessel carried out an acoustic survey of the 
distributions of fish to determine whether these changed between before, during, and after 
the seismic survey. Sound measurements were also made at a range of depths and 
distances from the seismic air gun array (see Øvredal and Totland, Chapter 109).  

The project revealed that the sound of the air guns affected the fisheries in the study area in 
different ways, including both increased and reduced catch rates for the different species 
and types of gear. Gillnet catches of Reinhardtius hippoglossoides and Sebastes marinus 
increased during seismic shooting and remained higher after the end of the seismic shooting 
compared with preshooting catches. On the other hand, longline catches of Reinhardtius 
hippoglossoides fell during the seismic survey. The results for Pollachius virens showed a 
decline in gillnet catches both during and after seismic shooting. This decline in gillnet 
catches of Pollachius virens was in agreement with the acoustic survey estimates, indicating 
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that Pollachius virens left the area in response to the seismic survey. 

The results of this study provide clear indications that the fish reacted to the sound of the 
air guns in that catch rates changed (rose or fell) during the period of seismic shooting. The 
fish raising their level of swimming activity can explain these results, thus making the 
Reinhardtius hippoglossoides and Sebastes marinus more vulnerable to be taken by gillnets, 
whereas Pollachius virens may have migrated out of the area (Løkkeborg, S. et. al. 2012). 

Long-term effects have been suggested when densities increase away from the seismic 
survey area. Slotte et al. (2004) described a 1999 study off western Norway with a 3-D 
survey using two arrays, both of 20 air guns, fired every 25 m (82 ft) along 51 transects 
about 52 km (32 mi) long. Acoustic abundances of pelagic fish (herring, blue whiting and 
other midwater species) were recorded before and after the seismic testing. The 
distribution and abundance of pelagic fish within the survey area and the surrounding 
waters up to 30–
that only limited short-term behavioral effects occurred. However, both blue whiting and 
other open-water fish species were found deeper coinciding with seismic survey activity, 
indicating that vertical movement rather than horizontal movement could be a short-term 
reaction to seismic survey noise. The density of herring and blue whiting was significantly 
lower within the seismic survey area, with increasing abundance at distance from the 
seismic shooting. As the density was higher 20 km (12 mi) from the shooting area, it was 
considered a long-term effect. 

The 1999 Norwegian study of Slotte et al. (2004) appeared to support previous studies on 
cod and haddock (Engås et al. 1996) and on blue whiting and other open-water species 
(Dalen and Knutsen 1986). The authors concluded that the lower abundances associated 
with the seismic activity supported the basis for management actions in Norway against 
seismic surveys on and close to spawning grounds and over well-established migration 
routes to spawning grounds.  

 
 

A case study on tuna 
 
Published examples of tuna hearing frequencies include yellowfin tuna Thunnus albacares 
50-1100Hz with best sensitivity 89dB at 500Hz; and kawakawa Euthynnus affinus 100-
1100Hz with best sensitivity 107dB at 500Hz (Iversen 1967). Yellowfin tuna (that hear lower 
frequencies) have a swim bladder and swim bladders act as a mechanical amplifier of sound 
(Stoskopf 1993). Song et al., (2006) examined the ear structure of large bluefin tuna 
Thunnus thynnus (SBT) and suggested from this anatomical study that this species is 
comparable to those studied behaviourally by Iversen (1967). 
 
These sound ranges and the generalist nature of tuna hearing suggest that southern bluefin 
tuna (SBT) would detect the sound emitted in marine seismic surveys. Whilst there has been 
no specific work on the impacts of air gun noise on tunas (or closely related species); there 
has been some research (Sara et al.,2007) undertaken on the effects of boat noise on caged 
northern bluefin tuna (NBT).  The weight of NBT used in this study was up to 50kg, and 
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importantly NBT are anatomically and physiologically similar to SBT with a proportionally 
sized swim bladder.  The results (in Sara et al., 2007) showed tuna changed their schooling 
behaviour, swimming direction and increased their vertical movement towards surface or 
bottom of the cage in response to passing car ferries emitting noise in the range of 120 to 
137dB (in water re:1μPa) at frequencies up to 200Hz (Sara et al., 2007).  These results 
suggest avoidance behaviour and movement away from the noise source, consistent with a 
stress/flight response. The boat noise studied is within the frequency and pressure range of 
the noise spectrum emitted by marine seismic surveys. 
 
The southern bluefin tuna, is commercially fished in Australia for the tuna ranching industry 
based at Port Lincoln. During the summer months (December-April), they tend to aggregate 
near the surface in the coastal waters off the southern coast of Australia and spend their 
winters in deeper, temperate oceanic waters. Southern bluefin tuna are considered to be a 
single stock (Grewe et al., 1997).  

Being a pelagic fish, SBT are closer to seismic air guns than demersal species and as such 
experience a greater intensity of disturbance. Northern bluefin tuna are known to react to 
boat noise in general which demonstrates that they are responsive to acoustic disturbance 
(Sara et al., 2007). Northern bluefin tuna are anatomically and physiologically comparable to 
SBT. SBT routinely undertake vast migrations (Basson et al 2012) and have the ability to 
rapidly exit an area if sound levels are uncomfortable.  
 

Areas where seismic activities occur overlap with areas that represent critical migratory and 
aggregation areas for juvenile SBT (Basson et al., 2012).  
 
The lower than expected results for the Commonwealth Scientific and Industrial Research 
Organisation (CSIRO) aerial survey for stock assessment (over the same standard area since 
1993), conducted whilst a large-scale marine seismic survey was in place in the Great 
Australian Bight (GAB) area, highlights the uncertainty surrounding the wider effects of this 
activity. The CSIRO survey results were substantially lower than expected based on the 
previous seasons’ very high proportion of one-year old SBT sighted in the GAB (note that 
these are not included in the stock assessment as one-year olds, but they return to the GAB 
area in the following year and are included as two-year olds). This coincided with the largest 
marine seismic survey ever conducted in the GAB – from November 2011 to May 2012. 
 

The relationship between the marine seismic surveys in 2011/12 and the major change in 
the migratory pattern of the SBT stock is still being analysed. This analysis includes the 
possible contribution by other factors to the change in migratory pattern (e.g., another 
factor may have been the strength of the Leeuwin Current). The essential point is that no 
one knows at this stage – except that the two unique events in the data history of the SBT 
Fishery in the GAB and the GAB seismic surveys occurred in the same year. In addition, the 
January-March 2013 aerial survey result has returned to normal – with no seismic survey 
taking place. 
 
There is no evidence to suggest that marine seismic surveys have resulted in the direct 
mortality of any SBT, but it appears probable that the large-scale marine seismic surveys 
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caused a major change in the migratory pattern to areas outside the range and history of 
the CSIRO aerial survey (Anon, 2012). 
 

According to accounts from local fishers, migration of Southern Bluefin Tuna down the east 
coast of Southern Africa, coinciding with a recent seismic survey, has resulted in disruption 
of the fishery and poor catches. While not having more details than this, the scenario 
sounds similar to that which occurred off the Great Australian Bight, and suggests the need 
to ensure that seismic surveys do not occur at the same time as the tuna migration, if fishing 
is not to be disrupted, and catches decline.  
 
While only my own personal observation, the albacore tuna pole and line fishery off 
Southern Namibia could potentially be suffering from a major change in migration pattern. 
There was a time around 2012/13 when South African tuna catches were being disrupted 
during a relatively intense West Coast survey period. Since then though, seismic surveys off 
West Coast South Africa have dropped off in number, and tuna catches have generally 
increased, South Africa catching its ICCAT quota.  
 
 

 
Source: CapFish SA (Pty) Ltd. Contact Sarah Wilkinson.  
 
Yellow are South African surveys, as are black, but the black ones are just below the South 
African border, close to Namibia’s Tripp Seamount albacore tuna fishing grounds. The red 
surveys are in Namibian waters. 
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Interestingly, from the Petroleum Agency of South Africa seismic data, detailed later in this 
report, 4 surveys occurred on the West Coast Orange Basin, between 2011 and 2016, close 
to Namibia’s albacore pole and line tuna fishery on Tripp Seamount, 3 of them were 3D 
surveys. These occurred firstly in 2011 between May – July, and then in 2012/13, in 
November 2012 to February 2013, and again in December 2012 to February 2013. These 
were all long 3D surveys. The most recent was a 2D survey during April and May 2015. 
Albacore tuna move up the west coast of South Africa, reaching Namibia around November 
with the season tapering off in April, January through February normally considered as the 
best months. 
 
In Namibia catches have dropped off drastically, as shown in the graph that follows. Much 
can be attributed to the reduction in number of South African pole and line vessels fishing in 
Namibian waters, total vessels being 39 in 2011, compared to 9 in 2015. However, a key 
reason the South African vessels exited Namibian waters during 2011/12 were that the 
number of seismic surveys increased and catch rates dropped off. Since then the vessels 
have never come back to Namibia in numbers, but seismic surveys around Southern 
Namibia have been ongoing annually, including those just over the border in South African 
waters, but still being in close proximity to Namibia’s Tripp Seamount tuna grounds. 
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There have been times when the CPUE of the remaining vessels were good. However, the 
trend has been downward. So my feel is that the Namibia albacore tuna fishery is 
potentially suffering from cumulative impacts.  
 
Albacore tuna do not have a swim bladder so are likely less sensitive to “loud" sound, in that 
the swim bladder can be a sound amplifier (Stoskopf, 1993), particularly where the swim 
bladder is connected to the fish’s ear. Yellowfin and Southern Bluefin tunas do have swim 
bladders, but the swim bladder is located relatively far from the inner ear, ranking them as 
“generalist” hearers of sound. These fish are sensitive to lower frequency sounds, however, 
and seismic airguns primarily produce low frequency sound. It is these low frequency 
sounds that travel vast distances in the ocean at still-audible levels. 
 

One needs to question whether the tuna is avoiding areas where there are regular seismic 
surveys. 
 
Below are personal observations made in April 2017 by Kurt Laufer, MD of Marco Fishing, a 
company that catches pole and line tuna and long-line hake, based out of Lüderitz, Namibia. 
 
“Tuna catches have been the lowest experienced in Namibia for this season so far during my 
time that I have been involved. This is not because there is too little effort being made (only 
a few vessels) but one can measure it with the catches of specific individual vessels that 
have been here for many seasons and see how their performance has dropped over the last 
few seasons. These vessels are also the most modern equipped vessels operating on the 
Namibian & South African coast (live bait, sonars etc.) and practically should yield a higher 
catch rate than the normal vessels. 
 
This season a lot more Bigeye suddenly appeared than in previous years. Furthermore the 
average sizes of the Albacore landed so far are a lot bigger than was the case historically. To 
give you an example, currently the average size is around +17kg whereas in the past at this 
time of year we averaged closer to 10kg. This lets one think that the smaller tunas 
(historically following the bigger fish) have not arrived as yet or have “disappeared”. 
Question here is what has/is happening out there? 
  
I gather that South Africa is also going through a very bad season and even with all their 
effort (some 150 registered tuna vessels) will not even reach close to 50% of catches from 
last year (which was around 4000tons). 

All this poor performance while during the November 2016 International Convention for the 
Conservation of Atlantic Tunas (ICCAT) meeting it was stated that the Southern Albacore 
stocks are in a healthy state. Where is the fish and if stocks are healthy why is it not 
following the usual migration path? Potential causes are climate change, historic intense 
seismic testing, or a combination of events? Only questions remain to which we have no 
answers. 

Below are some data of one particular vessels performance over the last 3 years. This vessel 
is historically one of the top performers, carries life bait and has got the latest technology 
on board to catch tunas by pole & line. 
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In all instances the season is, for comparison purposes, from 1 November to 31 March (5 
months which includes historically the peak of the season as well:  

Season                 Albacore              Bigeye                  Total 

2014/15                363 (84%)            70 (16%)               433 

2015/16                178 (83%)            36 (17%)               214 

2016/17                103 (63%)            60 (37%)               163 

It is scary if one looks at the figures and if this trend continues it looks like a dying fishery. 
Will it ever pick up again and if, when? We have already passed the point where it has 
become uneconomical to operate and survive without help, some seasons ago due to too 
low volumes. Those that have invested into this fishery are already in serious trouble and 
without help will lose everything. I am also of the opinion that any further or new 
investment into this fishery at this stage would be suicidal as it is not at all economical to 
survive unless some relief is granted to bridge the unknown period until the Albacore 
returns to our waters in reasonable quantities. 

Right holders of the Namibian tuna fishery are facing an uncertain future at this stage. The 
only thing that is left is the dream and hope (if one is optimistic) that the tuna returns next 
season”. 

In pursuing answers to the above, it is also important to understand the arguments put 
forward by the oil and gas exploration sector. Capricorn Marine Environmental (Japp, D.W. 
and Wilkinson, S., October 2017), on behalf of SLR who was consulting for Shell Namibia 
Upstream B.V., stated the following: 

The pole-and-line and long-line fisheries target albacore that occur in four main areas of the 
Benguela region: the Vema Seamount off Namibia, Tripp Seamount south of Lüderitz, South 
Bank south of Hondeklip Bay and the Cape Canyon. Adults of the population occur mostly 
off Brazil, Argentina and Namibia. 
 
Data on catches by the tuna pole-and-line fleets from South Africa and Namibia requires 
cautious interpretation. Numerous factors influence the historical catches including the 
highly variable year-to-year availability. 
 
The most recent (available) ICCAT catch data reported by Namibia and South Africa is shown 
in the following Figure (we have used the two dominant species caught – albacore and 
yellowfin tuna to demonstrate trends). Firstly, catch records start from 1960 and reflect 
total catch in the Benguela system (mostly reported by South Africa fishing in South African 
and Namibian waters). These catches climbed steeply in the 1970’s and peaked in the late 
1990s. Catches tapered off approximating 6-8000 mt a year. Most recently (since 2009) total 
catch has declined steadily to below 6 000 mt. In 2015 and in the 2017 year both South 
African and Namibian catches have been the worst on record. 
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Figure:  Total nominal pole-and-line and longline catch (t) of longfin (albacore) and yellowfin 
tuna reported by   South Africa and Namibia between 1961 and 2015. Source: ICCAT 
Statistical Bulletin, 2017 
 

 

The above Figure shows the relative proportion of the Namibian component of the catch, 
which approximates 20% of the total reported for the two target species. 
 
Concerns have recently been raised by the tuna fishing industry that seismic survey 
activities in southern Namibia are linked to reductions in tuna catches. The scientific 
assessment undertaken by ICCAT in 2013 for the south Atlantic albacore (southern stock) 
suggests that: “in 2012, the estimated South African and Namibian catch (mainly pole-and-
line), was below the average of the last five years”. In 2016, the assessment noted a decline 
in overall catches of the southern stock of albacore (all gear types) of 40% from 2012 to 
2014. The different models used suggested that: 
 

 There is a wide confidence interval reflecting the large uncertainty around the estimates of 

stock status; 

 Considering all scenarios, there is 57% probability for the stock to be both overfished and 

experiencing overfishing13; 

 There is a 13% probability for the stock to be either overfished or experiencing overfishing 

but not both, and; 

 There is a 30% probability that biomass is above and fishing mortality is below the 

Convention objectives. 

 
However, the scientific committee lacked enough objective information to identify the most 
plausible scenarios to account for the variability and stock declines. The variability is most 
likely attributed to a combination of the following: 
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 Increasing fishing effort exacerbated by improved fish finding technology (vessel monitoring 

systems, use of sonar, sea surface temperature spatial mapping using satellite technology); 

 Environmental variability such as cold and warm water events e.g. Benguela El Niño events 

have been shown to result in a change in the vertical distribution of tuna stocks within the 

water column, resulting in reduced catch rates; 

 Migration and feeding patterns that change abundance levels annually and linked to the 

environment; and 

 Inconsistent or irregular catch reporting. 

 



Invertebrates 
 

Decapod crustaceans are believed to be physiologically resilient to noise as they lack gas filled spaces 
within their bodies (Popper et al., 2001). Being sensitive only to the particle displacement element of 
sound production at close-quarters, crustaceans should be less vulnerable to pressure waves than animals 
with gas filled swim bladders (Keevin and Hempen, 1997). 
 
However, Moryasu, M., et al., 2004, in their literature review concluded that the articles dealing with 
seismic effects on marine invertebrates are often difficult to obtain because they are mostly gray 
literature. As a result, many authors use report summaries rather than examining the original work. This 
has led to misunderstandings and misinterpretation of the results of previous work. They found that it was 
often concluded that invertebrates are robust to noise from explosions and air-guns without support from 
empirical evidence. Marine invertebrates are important members of the marine habitat, food web and 
ecosystem. Comprehensive research programmes should be instituted to thoroughly investigate the 
possible effects of the seismic activity on various marine invertebrates in order to build up the scientific 
knowledge on this subject. In addition, in-depth analyses on physiological changes in animals exposed to 
seismic air-guns are quasi-absent.  
 
Further research is needed by considering the following subjects:  
Impacts on animals:  

• 1)  Immediate and delayed behavioral and lethal effects e.g., alternated seasonal movement  

patterns;   

• 2)  Immediate and delayed pathological effects e.g., alternated hearing, sight, growth and  mating 

capacity;   
Spatio-temporal considerations:  

• 1)  Cumulative effects of multiple disturbance displaced in time and space e.g., exposure of  long 

duration and repeated exposures over time;   

• 2)  Timing of seismic survey versus timing of sensitive period of the life cycle event;   
Ecosystemic consideration: 

 1)  Indirect impacts on the animals exposed to seismic noise such as increased vulnerability to both 

disease and predation e.g. due to loss of hearing capacity and immune system.  

 

Lobster 
 
Parry and Gason (2006) statistically analyzed data related to rock lobster (Jasus edwardsii) commercial  

catches and seismic surveying in Australian waters from 1978 to 2004. They did not find any evidence  

that lobster catch rates were affected by seismic surveys.   
 
In a Tasmania study, egg-bearing female spiny lobsters (Jasus edwardsii) were exposed to signals from 
three air gun configurations, all of which exceeded sound exposure levels (SEL) of 185 dB re 1 μPa2·s. 
Lobsters were maintained until their eggs hatched and the larvae were then counted for fecundity, 
assessed for abnormal morphology using measurements of larval length and width, tested for larval 
competency using an established activity test and measured for energy content. Overall there were no 
differences in the quantity or quality of hatched larvae, indicating that the condition and development of 
spiny lobster embryos were not adversely affected by air gun exposure. These results suggest that 
embryonic spiny lobster are resilient to air gun signals and highlight the caution necessary in extrapolating 
results from the laboratory to real world scenarios or across life history stages (Day, R.D. et. al. 2016b). 

http://www.sciencedirect.com/science/article/pii/S0025326X16302892#bb0295
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The Day, R.D. et al. 2016a study represents a substantial advancement of the current knowledge regarding 
the effects of seismic exposure on lobsters, more broadly, of marine invertebrates in general. It is one of 
the first studies to report significant impacts on marine invertebrates resulting from exposure to seismic air 
gun signals and is perhaps the most comprehensive approach to date. The breakthroughs reported in this 
study can be attributed to several aspects of the experimental approach and design. First, the exposure 
was conducted in the field using an air gun, rather than in a tank or with recordings of signals played over 
an acoustic projector. While this has been discussed in depth previously, it cannot be overstated how 
important this aspect is to delivering results that apply to real world scenarios. Second, this study 
approached the experiment with an aim to emulate seismic surveys in terms of exposure levels, exposing 
experimental animals to levels equivalent to those of a full scale array passing within a few hundred 
meters. In doing so, the results are scientifically robust and can be extrapolated to understand the effects 
of exposure in a real survey, without the confounding effects of unrealistic exposure regimes, such as 
exposing organisms at a range of < 1 m. Third, the design utilised physiological measurements from 
animals held in controlled conditions, a level of scientific rigour that is crucial for documenting chronic 
issues.  

In lobsters, the key findings of the study were:  

• Exposure to air gun signals did not result in any mortality in any of the experiments comprising this 

study.   

• Two reflexes, tail extension and righting, showed a response following air gun exposure. Tail 
extension, a simple reflex, was reduced in lobsters from one of the four experiments conducted in 
this study (summer 2015, 150 in3 standard pressure experiment) to the day 14 sample time, with 
warm summer conditions potentially playing a role. The ability to right, a complex reflex, was 
compromised in three of the four experiments (winter 2013, 45 in3 standard pressure experiment, 
winter 2014, 150 in3 low pressure experiment, summer 2015 150 in3 standard pressure 
experiment), with the effect persisting to 120 days post exposure in all experiments and to 365 

days post-exposure in the one experiment conducted that long.   

• Damage to the sensory hairs of the statocyst, the primary mechanosensory and balance organ of 
the lobster, was observed following exposure in three of four experiments. This damage was 

statistically correlated to the delays in righting time.   

• Lobsters collected from a site subject to high levels of anthropogenic aquatic noise, relative to the 
remote site most lobsters were collected from, showed substantial damage to the statocyst prior to 

the experiment. Exposure did not result in additional damage.   

• Haemolymph biochemistry showed little effect from exposure. Assays of 23 electrolytes, minerals, 
metabolites, organic molecules and enzymes showed no effect resulting from exposure. 
Haemolymph pH levels were similarly unaffected. Refractive index of the haemolymph indicated a 
decrease in nutritional condition in several experiments, with the effect lasting until the day 120 

sampling point.   

• Counts of the number of circulating haemocytes showed a significant reduction in all experiments, 
with a chronic reduction at day 120 post-exposure in the winter 2014 150 in3 low pressure 
experiment. In the same experiment, exposed lobsters sampled 365 days post-exposure showed 

nearly 2 times the number of haemocytes of control lobsters.   

• Embryos exposed to air gun signals and subsequently hatched showed no effect in terms of 

quantity or quality.  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The results from the lobster experiments indicate that different life history stages have different levels of 
sensitivity to air gun signals. As such, it is necessary to evaluate across the life history of an organism to 
draw broad conclusions over the effect of exposure. Our results indicate that embryos were wholly 
resistant to exposure and adults showed moderate responses. How early developmental stages such as 
phyllosoma or puerulus might be affected is not clear and cannot be inferred as they differ morphologically 
and physiologically from the embryo stages tested here. Additional research in this area is critical for 
forming an ecosystem level understanding of the effects of air gun signals in the marine environment.  

As the present study focused on emulating the exposure level of real world, full-scale seismic surveys to 
determine whether lobsters demonstrated a physiological response, distance and intensity thresholds 
were not directly investigated. The use of several different air gun configurations resulted in a limited 
range of sound exposure level intensities, however, it is apparent from the results that if a threshold exists, 
the exposure levels used here exceeded it. Given that the results presented here demonstrate that both 
lobsters and scallops were moderately to severely affected, a determination of threshold levels is now 
appropriate and would be valuable for estimating the scope of potential effects resulting from exposure as 
a part of the environmental impact assessment process for seismic surveys. Finally, it is important that this 
study is considered a first step into understanding the impacts of seismic surveys on marine invertebrates, 
not as an endpoint, and that the work carried out here had almost no preceding reference point (Day, R.D. 
et. al. 2016a).  

In separate studies on American lobster, Homarus americanus, the basic thrust of the studies was to 
explore for changes in various biological endpoints and identify those (if any) that might then require 
further assessment in a more comprehensive manner. A number of endpoints were assessed in animals 
exposed to a “low level” exposure of ~202 dB peak-to-peak and a “high level” exposure of ~227 dB peak-
to-peak. The endpoints included (a) lobster survival, (b) food consumption, (c) turnover rate, (d) serum 
protein, (e) serum enzymes, and (f) serum calcium. A small histopathological study was also carried out on 
lobsters from 1 of the 5 trials. Observations were often made over a period of a few days to several 
months.  

Exposure of lobster to very high as well as low sound levels had no effects on delayed mortality or damage 
to mechano sensory systems associated with animal equilibrium and posture, as assessed by turnover 
rates. There was also no evidence for loss of legs or other appendages. However sub-lethal effects were 
observed with respect to feeding and serum biochemistry with effects sometimes being observed weeks to 
months after exposure. A histochemical change was also noted in the hepatopancreata of animals exposed 
four months previously, which may be   linked to organ ‘stress’. These initial studies were meant to be 
exploratory in nature and caution is warranted about over interpretation. However, they do point to the 
need for more comprehensive studies regarding the potential for seismic surveys to affect lobster.  

The noted effects may be linked to disturbances (or injury?) to neural/endocrine systems or membrane 
transport functions. Accordingly, it is recommended that research priority be given to key effects that 
might be linked to such disturbances, yet regarded as injurious. These include: (a) animal moulting with 
select studies on feeding and pathology; (b) egg development; and (c) lobster behaviour and movement. 
Studies on moulting would include studies near the beginning of the moulting period to assess inhibitory or 
stimulating effects as well as investigation for effects on animals at the “soft” stage of moulting itself. 
Animals would be initially exposed in the laboratory to pressure levels around 200 dB and varying numbers 
of shots. Should effects be observed, energy levels would be lowered in stepwise fashion to obtain an 
appreciation of “no-effects levels”. Such experiments, especially with “soft” animals, would be logistically 
difficult with respect to exposures, laboratory holding and overall animal husbandry, but moulting has 
potential to be a very sensitive endpoint and warrants priority investigation.  

Effects on egg development and animal behaviour would be investigated in exposures carried out in the 
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field. The exposures would be carried out with a towed sound source providing representative energy 
levels found as a continuum under seismic surveys. Received sound pressure levels would be measured at 
various locations with lobster movement studied by telemetry using coded acoustic tags. Exposures would 
be carried out during both day and night, since lobsters move from their shelters and are typically more 
active at night. Also received energy levels could be quite different between animals outside and inside 
shelters (pilot studies on which would also be investigated in the laboratory). Lobster position resolution 
would be about 2 m within the area bounded by hydrophones, and receivers would be placed on buoys to 
collect transmitter data from an animal being tracked. Pre-exposure tracking studies would be required to 
identify “normal” activity trends.  

Animals would be placed in cages for the egg development studies and exposed in the same manner as for 
the telemetric studies, e.g. moving sound source. Animals would be returned upon exposure to aquaria 
and held for several months with selected indices being assessed on a regular basis.  

The described studies can be carried out in a cost effective manner through laboratory and small field 
experiments as used in the pilot study reported here. It is further concluded that such studies would be in 
agreement with the precautionary principle and go a long way in providing information of importance for 
assessing whether or not seismic surveys pose a significant risk to lobster (Payne, J.F. et. al. 2007).  

 

Squid 
 
Squid in sea cage trials significantly altered behaviour at an estimated 2 - 5 km from an approaching large 
seismic source showed increasing startle responses (jetting away from the sound) at levels above 145-
150dB re 1μPa2.s, and a tendency to slow their swimming at levels over 155dB re 1μPa2.s. They also 
showed a tendency to move to the top of the water, where the received sound levels were lower due to a 
sound shadow (McCauley et al 2012). 
 
In September and October 2001, and again in October 2003, the annual reports of strandings of giant squid 
(Architeuthis dux) off Spain showed a statistically significant increase. In both instances, the deaths 
coincided with the proximity of vessels using compressed airguns for geophysical prospecting, and 
producing high-intensity, low frequency (below 100 hertz [Hz]) sound waves. Some of the specimens had 
lesions in various tissues and organs, but all presented pathologies within the statocysts. Because none of 
these lesions could be linked to previously known causes of death in the species, the presence of 
geophysical prospecting vessels in the area suggested for the first time that the deaths could be related to 
excessive sound exposure (Guerra et al. 2004).  

While there is uncertainty regarding the biological importance of particle motion sensitivity versus acoustic 
pressure, recent electrophysiological studies confirmed the cephalopods’ sensitivity to frequencies under 
400 Hz suggesting sensitivity to low-frequency particle motion and not pressure (Octopus vulgaris, Kaifuet 
al. 2008; Sepio- teuthislessoniana, Octopus vulgaris, Hu et al. 2009; Loligo pealei, Mooney et al. 2010).  

Andre et al., 2011, presented the first morphological and ultra structural evidence of massive acoustic 
trauma, not compatible with life, in four cephalopod species subjected to low-frequency controlled-
exposure experiments. The protocol included immediate exposure to 50–400 Hz sinusoidal wave sweeps 
with 100% duty cycle and 1-second sweep period for 2 hours. The sweep was produced and amplified 
through an in-air loudspeaker, while the level received was measured by a calibrated hydrophone 
(received sound pressure level: 157 ± 5 decibels [dB] in reference to (re) 1 microPascal [μPa], with peak 
levels at 175 dB re 1 μPa).  
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Exposure to low-frequency sounds resulted in permanent and substantial alterations of the sensory hair 
cells of the statocysts, the structures responsible for the animals’ sense of balance and position. In addition 
to hair-cell damage, the experimental animals showed swelling of afferent dendrites and neuronal 
degeneration, confirming that the neurons were also affected by the acoustic trauma.  

The lesions described here are new to cephalopod pathology. Their presence in all of the noise-exposed 
individuals (versus their absence in controls) and their clear progression over time are consistent with the 
effects observed in other species that have been exposed to much higher intensities of sound. Why the 
relatively low levels of low-frequency sound have caused such lesions in cephalopods requires further 
investigation. In particular, it will be critical to determine the onset mechanism of the acoustic trauma in 
order to determine whether these animals are more sensitive to particle motion or acoustic pressure, or to 
a combination of both. Future electrophysiological experiments coupled with postmortem imaging 
techniques are also needed to determine the tolerance to noise threshold of these species. However, the 
presence of lesions in the statocysts clearly points to the involvement of these structures in sound 
reception and perception.  

These results indicate that the deleterious effects of marine noise pollution go well beyond those observed 
in whales and dolphins, and indicate a need for further environmental regulation of human activities that 
introduce high-intensity, low-frequency sounds in the world’s oceans. If the relatively low levels and short 
exposure applied in this study can induce severe acoustic trauma in cephalopods, the effects of similar 
noise sources on these species in natural conditions over longer time periods may be considerable. 
Because invertebrates are clearly sensitive to noise associated with human activities, Andre et al. ask 
whether noise is capable of affecting the entire web of ocean life? Making the necessary improvements 
will require additional scientific knowledge and stronger political resolve. Furthermore, given the global 
extent of the noise proliferation problem, it must ultimately be addressed on an international scale. 

Larvae and juveniles may also be more susceptible to the harm of underwater noise than adults, possibly 
jeopardizing the sustainability of populations. Seismic noise has been shown to have more severe impacts 
on juvenile scallops, crabs, and squid (Sole et al., 2017). 

 

Crustaceans including Prawns, Langoustines and Crabs 
 
Edmonds N.J. et al., 2016 stated that marine crustaceans have been shown to produce, detect and respond 
to sound (Staaterman et al., 2011; Radford et al., 2007; Hughes et al., 2014). Understanding in relation to 
the sensitivity of crustacean species throughout their life history, including long term chronic exposure is 
warranted. Few studies have defined crustacean sensitivity to underwater noise, specifically particle 
motion parameters of discrete sounds. Many experiments have been hampered (presumably for valid 
practical and budgetary reasons) by limited sample sizes, poor provision of control subjects and 
uncalibrated equipment. Others have conducted measurements in small tanks where reflective boundaries 
complicate interpretation of data.  
 
In the absence of gas filled organs, sound detection among crustaceans is believed to occur through hair 
and statocyst detection of the particle motion component of the sound field. Insights obtained from 
Nephrops norvegicus and crustaceans that are phylogenetically related; reveal both adult and juvenile 
crustacean life stages sensitive to low frequency sound such as seismic surveys (Hughes et al., 2014; Lovell 
et al., 2005; Jeffs et al., 2003; Radford et al., 2007; Stanley et al., 2010; Solan et al., 2016). Studies show 
that larval and post-larval stages of related crustacean species use low frequency sound (e.g. reef sound) 
as behavioural cues for orientation (Jeffs et al., 2003). 
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Experimental insights suggest that what sound-based communication exists among crustaceans is highly 
species-specific. Noises emitted range from low frequency rasps to ultrasonic clicks, although it remains 
unclear which of these are incidentally produced along with the repercussions of masking them. Little is 
known regarding species-specific sensitivity to seabed vibration, water-borne sound waves or particle 
displacement and difficulty exists in separating the relative impact of these factors upon benthic dwelling 
species. Less is understood about the use of these stimuli for purposes of communication and the potential 
for anthropogenic noise with overlapping spectral characteristics to mask such cues (Hawkins and Popper, 
2012). 
 
Crustaceans appear to be most sensitive to sounds of low frequencies (i.e., <1000 Hz) (Budelmann 1992). A 

study by Lovell et al. (2005) suggests greater sensitivity of the prawn Palaemon  serratus to low-frequency 
sound than previously thought. Lovell et al. (2006) showed that P. serratus is capable of detecting a 500 Hz 

tone regardless of the prawn’s body size and the related number and size of  statocyst hair cells.  

 
It is not known if the eggs, larvae or adults of Cancer pagurus (Brown Crab), and Nephrops norvegicus 
(Langoustine) can suffer direct physical harm as a result of exposure to high amplitude anthropogenic 
noise. Findings among related species show that egg development among specific crustaceans may be 
retarded, metabolic rates increased and internal organs damaged following exposure to high amplitude 
anthropogenic sounds (Christian et al., 2003; Pearson et al., 1994; Wale et al., 2013b). Controlled sound 
exposure trials, after André et al. (2011), would shed much needed light upon threshold tolerances in 
relation to injury and mortality criteria for commercial crustacean species. The adaptation of such methods 
to assess the effect of ‘live’ underwater sound (versus digital analogues) in natural settings would greatly 
increase the reliability of findings.  
 
Stress indicators in the haemolymph of adult male snow crabs were monitored immediately after exposure

 of the animals to seismic survey sound (Christian et al. 2003) and at various intervals after exposure. No 
significant acute or chronic differences were found between exposed and unexposed animals in which 

various stress indicators (e.g., proteins, enzymes, cell type count) were measured.   
 

Christian et al. (2003) also investigated the behavioral effects of exposure to airgun sound on snow crabs.  
Eight animals were equipped with ultrasonic tags, released, and monitored for multiple days prior 
to exposure and after exposure. Received SPL and SEL were ~191 dB re 1 μPa0-p and <130 dB re 1 μPa2 · s, 

 respectively. The crabs were exposed to 200 discharges over a 33-min period. None of the tagged animals 
left the immediate area after exposure to the seismic survey sound. Five animals were captured in the 

snow crab commercial fishery the following year, one at the release location, one 35 km from the release  

location, and three at intermediate distances from the release location.   
 
Another study approach used by Christian et al. (2003) involved monitoring snow crabs with a remote 
video camera during their exposure to airgun sound. The caged animals were placed on the ocean bottom 

 at a depth of 50 m. Received SPL and SEL were ~202 dB re 1 μPa0-p and 150 dB re 1 μPa2·s, respectively. 

The crabs were exposed to 200 discharges over a 33-min period. They did not exhibit any  overt startle 

response during the exposure period.   
 
The need to resolve current uncertainty surrounding injury exposure criteria is of significant consequence 
to the fishing industry, regulatory bodies and associated stakeholders. The former seek assurances their 
revenue from crustacean harvests will not be impacted through anthropogenic noise introduction from 
other industries and / or compensation for losses where they are. Crucially, since introduction of impulsive 
anthropogenic noise has been shown to influence depth and water circulation within N. norvegicus 
burrows, potential exists for broader ecosystem properties to be affected (see Solan et al., 2016). 
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Regulatory bodies require this information to take evidence-based decisions on offshore licencing consents 
and marine protected area designations (Edmonds N.J. et. al., 2016). 
 
The physical capacity for slow moving benthic adult or mid-water larval crustaceans to avoid exposure to 
sound is limited although no significant deleterious effect of seismic prospecting upon fishing yields of 
shrimp and catches of N. norvegicus (24 h post exposure, 210 dB re 1 μPa (zero-peak) @ 1 m) have been 
found (Andriguetto-Filho et al., 2005; La Bella et al., 1996). Such experiments provide site-specific insights 
into short-term effects of high amplitude sound on discrete crustacean species but do not quantify sound 
exposure levels (specifically particle motion measurements) experienced by the test organisms themselves. 
Such issues must be resolved through controlled exposure studies to determine the influence of discrete 
sounds. Although pressure waves arising from anthropogenic noise can spread many kilometres from a site 
of introduction, particle motion associated with the production of such sound is much more localised (see 
Urick, 1983). As no study to date has confirmed the ability of crustaceans to sense the former, caution 
must be exercised before assessing impacts based upon associated sound wave propagation.  
 
Sound exposure calculations for crustaceans must primarily consider the particle motion element of 
anthropogenic noise fields. This is especially complicated for mobile, current borne larvae and migratory 
life stages. Adult C. pagurus for example, have been recorded migrating distances of 245 km over two 
years (Fahy and Carroll, 2008). Cohorts may therefore be subject to repeated exposure in different 
localities over their life cycles. Current research suggests that crustacean sensitivity is restricted to particle 
motion, primarily localised to the site of sound introduction.  
 
 

Mitigation 
 
Every species has its own “frequency response curve”; that is, we each hear certain frequencies much 
more easily than others. Humans, for example, do not hear low frequencies very well. Of course, when 
dealing with exceptionally high intensity sounds, physiological damage (and perhaps behavioral responses 
such as avoidance) may be caused even when we are not hearing the given frequency very well.  
 
Given all the translations involved, it is difficult to make any definitive claims about how sea creatures may 
respond to any given dB level. At best, an underwater dB rating is a decent estimate of the sound’s physical 
power, and a somewhat useful benchmark by which to make informed guesses about its possible effects. 
This is why scientists tend to rely on behavioral responses and observed physiological damage caused by 
ocean-based sound, and to avoid making direct comparisons with human hearing, and especially human 
safety thresholds, in the air.  
 
That being said, it is especially important to base decisions about operational safety, mitigation, and 
regulation on careful observation of the actual responses of many species at a range of distances from 
seismic survey vessels, rather than to over-rely on ideas about the danger of specific dB levels, or on 
models of how we think that the dB level will change as the sound moves out into the ocean environment 
(Cummings et.al. 2004).  
 

Precautionary Principle 
 

Rather than charging ahead with new actions, accepting limits only when presented with incontrovertible 
proof of harm being caused, the Precautionary Principle holds that we should proceed with caution, in the 
absence of a full understanding of the impacts of our actions.  
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Thompson, et al. (2000) has shown that the precautionary principle can mean the difference between 
survival and extinction for populations on the edge. It is likely to take 10 to 30 years to notice small but 
significant 1-5% annual declines in population. The chances of survival once the decline is noticed drop 
rapidly as it takes longer for us to notice problems. A precautionary management criterion can greatly 
increase the opportunities for species survival, by minimizing negative impacts during the decades it may 
take to know how the population is doing. This is especially important, given our current systemic 
questions about the ocean’s vitality and the low rate of population recharge in larger species.  
 

Threat Abatement Plan 
 

Australian recommendations with regards seismic sound impacts, through a Threat Abatement Plan (Anon, 
2012) include: 

- Better consideration of the spatial and temporal overlap between marine seismic activities and key 
life history events of the fauna identified to be at risk.  

- A pathway of continual improvement in the application of marine seismic activities.  

- Further ecological research into the impacts of marine seismic activities including rigorous Before-
After-Control-Impact experiments at appropriate field scales. This should include analysis within 
areas where other potential disturbances such as fishing are not permitted. It should also include 
ecological work that has appropriate statistical power for detection of relevant impacts.  

- Consideration of cumulative impacts from multiple marine seismic activities, in particular in relation 
to spawning aggregations. 

- Research aimed at determining further species that may be at risk, and a process for incorporating 
this information into on-going management of the activity.  

 

South African mitigation measures 
 

• Implement a “soft-start” procedure, to allow pelagic fish to move out of the survey area and thus 
avoid potential physiological injury as a result of seismic noise. 

 
In South African waters recommended seismic survey mitigation measures are (Capmarine, December 
2015) (CapFish, 2016): 
 

▪ The use of a ‘soft start’ procedure of a minimum of 20 minutes duration when initiating 
seismic surveying whereby the airgun strength / noise level is slowly increased to  
provide an appropriate response time for marine fauna to move away from the airgun 
noise source; 

▪ All breaks in airgun firing of longer than 20 minutes must be followed by a “soft-start” 

procedure of at least 20 minutes prior to the survey operation continuing. Breaks of 

shorter than 20 minutes should be followed by a “soft-start” of similar duration; 

▪ Airgun firing should be terminated if mass mortalities of fish as a direct result of 

shooting are observed; 
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▪ Compliance with international laws pertaining to maritime safety and navigation and 

specifically to any particular requirements of the South African Maritime Safety 

Authority; 

▪ The required safety zones around survey vessels should be communicated via the 
issuing of Daily Navigational Warnings for the duration of the survey through the South 
African Naval Hydrographic Office; 

▪ A Fisheries Liaison Officer (FLO) should be present on board the survey or chase vessel 
to avoid or minimise disruption to fishing and other marine activities. The FLO should be 
on 24-hour standby for the duration of the survey to facilitate communications with 
fishing vessels operating in the vicinity of the survey vessel and he/she should have 
experience with regards to the local fisheries that operate in the area; 

▪ Any fishing vessel targets at a radar range of 12 nautical miles from the survey vessel 
should be called via radio and informed of the navigational safety requirements; and 

▪ Fishing industry bodies and other key affected parties should be informed of the 
proposed activities and requirements with regards to the safe operational limits around 
the survey vessel prior to the commencement of the project and once the project has 
been completed. The industrial bodies and affected parties should include: 

• Department of Agriculture, Forestry and Fisheries (DAFF); 
• SA Inshore Fishing Industry Association (Includes SA Pelagic Fishing 

Industry Association); 
• South African Tuna Association (SATA); 
• South African Tuna Long-Line Association (SATLA); 
• Fresh Tuna Exporters Association (FTEA); 
• South African Deep-Sea Trawling Industry Association (SADSTIA); 
• South African Commercial Line-fish Association; 
• West Coast and Peninsula Commercial Skiboat Association; 
• West Coast Rock Lobster Association; 
• Transnet National Ports Authority (ports of Cape Town and Saldanha 

Bay); 

• South African Navy Hydrographic office; and  

• South African Maritime Safety Authority (SAMSA). 
 

 
With regards to the reduction of the impact on the fishing industry through timing, the preferred 

window period for minimising the impacts on the fishing industry as a whole would be from 

December to March. Irrespective of the period during which the survey was to take place, liaison 

with vessels in the area would be essential in order to reduce the potential impact on fishing 

activities. Communications between the survey vessel and fishing vessels would be necessary just 

prior to surveying in order to identify current fishing target areas and, where possible, to adjust 

the survey plan to accommodate fishing.  

 
 

Best Practice 
 
A “best practices” approach to mitigation would include:  

• Use of the lowest possible power array to meet local conditions and obtain information being 

sought.  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• Extend ramp-up times where turtles are present; 30 minute ramp-ups are minimal and 60 minutes 
preferable, to accommodate turtles’ relatively slow swimming speeds. Engås (1996) evidence also 
suggests that smaller fish would benefit from slower ramp-ups.  

• Adapt the sequencing of seismic lines to account for any predictable movements of fish across the 

survey area.   
• Consider establishment of a larger exclusion zone to reduce behavioral effects, especially on 

species with tenuous populations. It may be that observed behavioral disruptions will be better 
addressed by a 2-5km radius, rather than the current 1km radius. In the same way, the current 180 
dB re 1μPa2 standard for acceptable received levels of sound (based on avoiding physiological 

damage) may need to be adjusted downward to avoid behavioral disruption.   
• Consider cumulative impacts over time in permitting and effects modeling; include consideration of 

seasonal and historical impacts from other activities (shipping, military, industrial, other seismic) in 
the specific survey area and nearby region. Develop databases that track the history of seismic and 

other industrial activities, using GIS mapping.   
• Require passive acoustic monitoring: can complement visual observations by identifying animals 

vocalizing beneath the surface, down to the sea bottom. Passive acoustic monitoring can also 
extend the zone of effective observation, which would be important should one choose to apply a 

more precautionary approach to acceptable received sound levels.   
• Incorporate Environmental Effects Monitoring (EEM) into all active seismic surveys. EEM should 

include measurement of received sound levels at ranges of 1-25km, as well as both visual and 
passive acoustics monitoring of the responses of marine mammals, fish, and other species present 

in the area.   
 

These “best practices” would require a greater investment in time and money from companies conducting 
seismic surveys. Over time, as our knowledge increases, it is likely that we will be able to design both 
technologies and implementation strategies that can reduce these added costs associated with seismic 
surveys (Cummings et.al. 2004).  
 
Because of the great variability in transmission loss across different sorts of ocean floor profiles, and the 
small but significant variation in the output levels of individual air gun arrays, McCauley (2000) called for 
case-by-case modeling of likely propagation patterns: “at present, predicting the horizontal sound 
propagation from any specified air-gun array source needs to be done on a case by case basis. Accurately 
predicting levels at specified ranges and water depths requires modeling of the source and local 
environment.”  
 
McCauley (2000) also encourage the use of “cumulative effects modeling”as described above, to better 
adapt each survey’s operations to fit local biological and geophysical conditions. Such case-by-case 
procedures may help to ameliorate the effects of current uncertainties, which can lead to seemingly 
excessive regulatory hurdles for very small single-gun site surveys.  
 
Detailed mitigation measures for seismic surveys in other parts of the world are provided by Weir et al. 
(2006), Compton et al. (2008) and US Department of Interior (2007). The guidelines currently applied for 
seismic surveying in South African waters are those proposed in the Generic EMPR (CCA & CMS 2001), and 
to date these have not resulted in any known or recorded mortalities of marine mammals, turtles or 
seabirds. Phumla Ngesi of the Petroleum Agency SA stated in January 2017 that the South African seismic 
survey guidelines are currently being updated.  
 
The mitigation measures proposed below are based largely on the guidelines currently accepted for 
seismic surveys in South Africa, but have been revised by Pulfrich, A., et al. January 2016, to include salient 
points from international guidelines discussed in the documents cited above.  
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• To minimise encounters with large whales in the survey area (shelf and deeper), seismic surveys 
should be scheduled for late summer and early winter (January - June), although some whale 

species are present all year round.   
• All survey vessels must be fitted with Passive Acoustic Monitoring (PAM) technology, which detects 

animals through their vocalisations. Where surveys are taking place in waters deeper than 1,000 m 
depth where sperm whales are likely to be encountered, the use of PAM 24 hours a day is highly 
recommended. As a minimum, PAM technology must be used during the 30-minute pre-watch 
period and when surveying at night or during adverse weather conditions and thick fog. The 
hydrophone streamer should ideally be towed behind the airgun array to minimise the interference 

of vessel noise, and be fitted with two hydrophones to allow directional detection of cetaceans.   
• Where there are no seasonal patterns of abundance known for odontocetes occupying a proposed 

seismic survey area, a precautionary approach to avoiding impacts throughout the year is 

recommended.   
• Independent onboard Marine Mammal Observers (MMOs) and PAM operators must be appointed 

for the duration of the seismic survey. The MMOs and PAM operators must have experience in 
seabird, turtle and marine mammal identification and observation techniques.  
 
The duties of the MMO would be to:  

 Record airgun activities, including sound levels, “soft-start” procedures and pre- firing regimes; 

  

 Observe and record responses of marine fauna to seismic shooting, including seabird, turtle, 
seal and cetacean incidence and behaviour and any mortality or injuries of marine fauna as a 
result of the seismic survey. Data captured should include: species identification, position 
(latitude/longitude), distance from the vessel, swimming speed and direction (if applicable) and 
any obvious changes in behaviour (e.g. startle responses or changes in surfacing/diving 
frequencies, breathing patterns) as a result of the seismic activities. Both the identification and 
the behaviour of the animals must be recorded accurately along with current seismic sound 
levels. Any attraction of predatory seabirds, large pelagic fish or cetaceans (by mass 
disorientation or stunning of fish as a result of seismic survey activities) and incidents of feeding 

behaviour among the hydrophone streamers should also be recorded;   

 Sightings of any injured or dead protected species (marine mammals, seabirds and sea turtles) 
should be recorded, regardless of whether the injury or death was caused by the seismic vessel 
itself. If the injury or death was caused by a collision with the seismic vessel, the date and 
location (latitude/longitude) of the strike, and the species identification or a description of the 
animal should be recorded.  

 Record meteorological conditions;   

 Request the temporary termination of the seismic survey or adjusting of seismic shooting, as 
appropriate. It is important that MMOs have a full understanding of the financial implications of 
terminating firing, and that such decisions are made confidently and expediently. A log of all 

termination decisions must be kept (for inclusion in both daily and “close-out” reports);   

 Prepare daily reports of all observations, to be forwarded to the necessary authorities on a daily 

or weekly basis to ensure compliance with the mitigation measures.   
 
The duties of the PAM operator would be to:  

 Ensure that hydrophone streamers are optimally placed within the towed array;   

 Confirm that there is no marine mammal activity within 500 m of the vessel prior  to 

commencing with the “soft-start” procedures;  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 Record species identification, position (latitude/longitude) and distance from the  vessel, 

where possible;   

 Record airgun activities, including sound levels, “soft-start” procedures and pre-  firing regimes; 

and   

 Request the temporary termination of the seismic survey, as appropriate.  

  

 The implementation of “soft-start” procedures of a minimum of 20-minutes’ duration on initiation 

of seismic surveying would mitigate any extent of physiological injury in most mobile vertebrate 

species as a result of seismic noise and is consequently considered a mandatory management 

measure for the implementation of the proposed seismic survey. This requires that the sound 

source be ramped from low to full power, thus allowing a flight response to outside the zone of 

injury or avoidance. This build-up of power should occur in uniform stages to provide a constant 

increase in output. The rationale for the 20 minute “soft-start” period is based on the flight speeds 

of cetacean species. Where possible, “soft-starts” should be planned so that they commence within 

daylight hours.   

 Prior to the commencement of “soft-starts” an area of 500-m radius around the survey vessel 

(exclusion zone) should be scanned (visually and using PAM technology) for the presence of diving 

seabirds, turtles, seals and cetaceans. There should be a dedicated pre-shoot watch of at least 60 

minutes (to account for deep-diving species). As much of the Exploration Area is located far 

offshore and sperm whales are likely to be encountered, a 60 minute pre-shoot watch for deep-

diving species (JNCC 2010) is recommended. “Soft-starts” should be delayed until such time as this 

area is clear of individuals of diving seabirds, seals, turtles and cetaceans, and should not begin until 

after the animals depart the 500 m exclusion zone or 30 minutes after they are last seen.   

 All breaks in airgun firing of longer than 20 minutes must be followed by the 60-minute pre-shoot 

watch and a “soft-start” procedure of at least 20 minutes prior to the survey operation continuing. 

Breaks shorter than 20 minutes should be followed by a visual  assessment for marine mammals 

within the 500 m mitigation zone (not a 60 minute pre- shoot watch) and a “soft-start” of similar 

duration.  

 Seismic shooting should be terminated on observation of any obvious mortality or  injuries to 

cetaceans, turtles, seabirds, seals or large mortalities of invertebrate and fish species as a direct 

result of the survey. Such mortalities would be of particular concern where a) commercially 

important species are involved, or b) mortality events attract higher order predator and scavenger 

species into the seismic area during the survey, thus subjecting them to acoustic impulses. Seismic 

shooting should also be terminated when obvious negative changes to turtle, seabird, seal or 

cetacean behaviours are observed from the survey vessel, or turtles and cetaceans (not seals) are 

observed within the immediate vicinity (within 500 m) of operating airguns and appear to be 

approaching firing airgun.  

 

Recommended safety zones in some of the international guidelines include implementation of an 

observation zone of 3 km radius, low-power zone of 1.5 - 2 km radius (to cater for cow-calf pairs), 

and safety shut-down zone of 500 m radius around the survey vessel. Alternatively, a safety zone of 

160 dB root mean squared (rms) can be calculated based on site-specific sound speed profiles and 

airgun parameters. The application of propagation loss models to calculate safety radii based on 

sound pressure levels represents a more scientific approach than the arbitrary designation of a 500 

m radius (see Compton et al. 2008 for details).  
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The rationale for this is that animals at close distances (i.e. where physiological injury may occur) 

may be suffering from reduced hearing as a result of seismic sounds, that frequencies of seismic 

sound energy lies below best hearing frequencies (certain toothed cetaceans and seals), or that 

animals have become trapped within the ensonified area through diving behaviour.   
 

The survey should be terminated until such time the MMO confirms that:  

 Cetaceans and turtles have moved to a point that is more than 500 m from the  source;   

 Despite continuous observation, 30 minutes has elapsed since the last sighting of  the turtles or 

cetaceans within 500 m of the source; and   

 Risks to seabirds, turtles or cetaceans have been significantly reduced.  

 Ensure that ‘turtle-friendly’ tail buoys are used by the survey contractor or that existing tail buoys 

are fitted with either exclusion or deflector 'turtle guards'.   

 During night-time line changes low level warning airgun discharges should be fired at regular 

intervals in order to keep animals away from the survey operation while the vessel is repositioned 

for the next survey line.   

 The use of the lowest practicable airgun volume should be defined and enforced, and airgun use 

should be prohibited outside of the licence area.   

 All data recorded by MMOs should as a minimum form part of a survey close–out report. 

Furthermore, daily or weekly reports should be forwarded to the necessary authorities to ensure 

compliance with the mitigation measures.   

 Seabird, turtle and marine mammal incidence data and seismic source output data arising from 

surveys should be made available on request to the Marine Mammal Institute, Department of 

Agriculture, Fisheries and Forestry, and the Petroleum Agency of South Africa for analyses of survey 

impacts in local waters.   

The use of ‘ramp-up’ or ‘ soft-start,’ or the application of aversive stimuli, is often suggested as a mitigation 
measure for avoiding exposure of fishes to man-made sounds, and it could potentially be useful for 
invertebrates as well. It is assumed that initial exposure to low- level sounds may induce fishes to move 
away from the area, avoiding injury and physiological damage. The efficacy of this method of mitigation 
with respect to fishes has yet to be demonstrated. Many fishes and invertebrates live within discrete, 
favored areas. Others have limited swimming capabilities. Clearly, only those species that are able, or are 
likely, to move beyond the area of potential effect would benefit from ‘ramp-up’ procedures. Studies are 
required to examine the efficacy of ramp-up, soft-start and other aversive techniques. Can fishes and 
invertebrates be induced to move away from an area in order to allow potentially damaging sounds to be 
broadcast? What proportion of the local population of a sensitive species must move away for mitigation to 
be considered effective? (Normandeau Associates, Inc., 2012). 
 

In a briefing paper for the British Columbia Seafood Alliance, Peterson (2004) proposed several changes in 
seismic survey protocols that could lessen impacts on fish and fisheries:  

“The seismic survey process can be fine-tuned in a number of ways. These include: loudness of the air gun 
bursts; their frequency and duration; the way they are aimed; and the timing of the survey (e.g., with 
reference to fishing seasons or spawning or migration timing).”  

“Ramp-up or soft start procedures can be used, whereby sound is gradually increased, not begun at full 
volume. Though these procedures are commonly used, and believed to be useful in reducing impacts on 
fish by giving them time to take evasive action, there have been no studies of their effectiveness.”  

Efforts to mitigate seismic survey interactions with fisheries have included:  
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• Fishing industry observers or trained biological observers on board the seismic ships   

• Communication techniques that enable readjustment of surveys in the case of encounters   

• No seismic surveys during times of migration or spawning of certain species   

• Establishment of survey-free spawning corridors and migration routes   

• Design of air gun arrays to reduce horizontal leakage   

• Compensation programs for gear damage and other fisheries impacts.   

Fish larvae and eggs (ichtyoplankton) cannot avoid the pressure wave from the airguns and can be killed 
within a distance of less than 2 m, and sublethal injuries may occur within 5 m (Østby et al. 2003). The 
relative volume of water affected is very small and population effects, if any, are considered to be very 
limited in e.g. Norwegian and Canadian assessments. However, in Norway, specific spawning areas in 
certain periods of the year may have very high densities of spawning fish and these areas in the Lofoten-
Barents Sea are closed for seismic activities during the cod and herring spawning period in spring. This is 
mainly to avoid scaring away the ripe adult fish from the critical spawning areas, but also to prevent the 
killing of larvae and eggs that can be found in very high concentrations after spawning.  

In Icelandic waters, if marine mammals are detected within 200 metres of the centre of the airgun array 
whilst the airguns are firing at full power, firing should be reduced to only the smallest airgun in the array, 
a so called mitigation gun, which should prevent further approach of animals to the array. Full power may 
be regained as soon as the animals have left the 200 m protection zone (Kyhn et. al. 2011). This is to 
reduce seismic survey downtime. 

 

Marine Vibroseis - Alternative Quieting Technology for Oil and Gas Exploration 
 
Loud noise from airguns has led to the search for quieter, less impactful alternatives, such as marine 
Vibroseis (MV). Vibroseis has been used successfully in land-based seismic exploration for many years. 
Instead of a sharp onset, loud intense “shot”, Vibroseis uses the same energy but spread over a longer 
duration, thus eliminating the sharp rise time (sounds quickly increasing in loudness) and high peak 
pressure (volume or amplitude) of airguns--two characteristics of sound thought to be the most injurious 
to living tissues (Southall et al. 2007).  
 
As Vibroseis is a controlled source, modifiable in real time, it also allows for greater control and tailoring of 
the signal amplitude and other characteristics to the particular situation. In airgun surveys, 30% of the 
emitted sound energy (frequencies over 120 Hz) is wasted, i.e. not used by industry or geophysical 
researchers (Pramik 2013). In contrast, with MV, there is practically no energy over 100 Hz, meaning little 
to no impacts are anticipated for animals such as dolphins, porpoises, killer whales, belugas, narwhals, or 
beaked whales.  
 
A recent modelling study (Duncan et al., in prep.) comparing a realistic MV array with an airgun array with 
the same geophysical output, found that the MV array was 13-22 dB lower (quieter) than the airgun array, 
even at a distance of 5 km, the furthest modelled range. This reduction in short-range peak levels could 
greatly reduce the number of animals exposed to noise likely to cause injury, to being only 1-20% of those 
exposed to injury from an airgun survey, by some estimates (LGL & MAI 2011).  
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Leaper et al. (2015) have also shown that there are seldom cases where Marine Mammal Observer 
mitigation can achieve a greater risk reduction than would be achieved by a 3 dB reduction in source level 
throughout the survey. An additional 30-50 dB reduction in amplitude might be attainable with MV using 
matched filters for signal processing (Weilgart 2010). The reduction in peak pressure with MV was 
expected, but even Sound Exposure Level (SEL), which incorporates a duration (time) element of sound 
and is relevant for “masking”, was lower for MV than airguns (Duncan et al., in prep.).  
 
SELs also dropped off more rapidly with range for MV than airguns. The effect became apparent at ranges 
of >1 km in shallow water and >10 km in deep water. For both shallow and deep water, SELs from MV were 
about 8 dB lower than from airguns at a 100 km range, confirming MV’s lower potential for masking over 
large areas. Merely changing the MV array layout can reduce SELs by 4 dB. Moreover, MV can function in 
very shallow waters (<2 m), unlike airguns. MV could have particular advantages in shallow water, both 
geophysically and biologically, because SELs drop off more rapidly in shallow waters, which tend to be 
richer in marine life. Nevertheless, MV should still be field-tested for impacts on a wide range of sensitive 
marine taxa (Weilgart, L. 2016). 
 
The development of MV could be greatly expedited with encouragement and pressure from regulatory 
governmental agencies. For instance, international agreements such as the Convention on Biological 
Diversity and the Convention on Migratory Species already require Best Available Technology (BAT) to be 
used. While MV is not yet commercially available, it could be with funding and incentives/disincentives 
from government. Areas rich in marine life that is sensitive to mid- or high- frequencies could be declared 
off-limits to seismic airgun surveys but MV may be allowed. Although there are only about 170 seismic 
ships worldwide, it would still require a fair cost investment to retrofit these for MV. On the other hand, 
airgun shutdowns, required when sensitive marine life enters safety zones around airguns, are also very 
costly and would be much less necessary with MV (Weilgart, L. 2016).  
 
Overall, MV shows potential in providing an environmentally safer alternative to airguns without 
compromising effectiveness for seismic exploration. The acoustic footprint, as measured in terms of both 
peak pressure and sound exposure level, is substantially smaller for MV than airguns for the same 
geophysically-useful energy output (Weilgart, L. 2016).  
 
 

 



Seismic Survey Activities in South African Waters 

Seismic South Africa Hubmap Showing Exploration Activity Status, September 2016 
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South Africa Offshore Mining License Blocks 
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Seismic Surveys Offshore South Africa, 2004 – 20016 
 
Year Area/Basin Operator / 

Holder 

Type Duration/Comment 
 

Acoustic 
Signal 
@9000m 

Acoustic 
Signal 
Range 

Streamer 
Length 

Source 
Volume 
(cubic inch) 

2004 West Coast/Orange 
Basin 

BHP Billiton 3D March - April     

2005 East Coast 

 

Alfred Wegener 
Inst (AWI) 

2D Comment: it seems that 
this was a research 
survey. Not much 
information could be 
retrieved.  

    

Southern Outeniqua, 
Bredarsdorp & Infanta 
Embayment (Pletmos 
Basin) 

Fugro 
Geoteam/CNR 

2D January – March      

2007 Regional Survey  
(Continental Margin 
of the SA) constituting 
the following areas: 

 East Coast,  

 South Coast, 
and West 
Coast. 
 

Gems Survey UK 
Ltd ( on behalf of 
the  
Petroleum 
Agency SA) 
 

2D 
 

October - December    
 

 

 

Year Area/Basin Operator / 
Holder 

Type Duration/Comment 
 

Acoustic 
Signal 
@9000m 

Acoustic 
Signal 
Range 

Streamer 
Length 

Source 
Volume 
(cubic inch) 

2008 West Coast Seabird 
Exploration 

2D 
 

08 – 25 August      
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Norway AS 
(Petroleum 
Agency SA) 

  

2009 Regional 
 

AWI 2D See earlier comment     

 West Coast/Orange 
Basin 

Western Geco 
(PetroSA) 

3D January to April     

2011 South 
Coast/Bredarsdorp 
Basin 

Western Geco 
(PetroSA) 

3D Feb - April   6000m 5058 

South 
Coast/Bredarsdorp 
Basin 

Western Geco 
(PetroSA) 

2D April - May   6000m 5058 

East Coast/Tugela 
Basin 

Seabed 
Exploration/ 
Silverwave Energy 

2D May - July 160-180 dB  10050m 5000 

West Coast/Orange 
Basin 

RPS 
Energy/Forest 

3D May - July   6000 2 x 4130 

2012/2013 South Coast Western 
Geco/PetroSA 

3D November 2011 to April 
2012 
 

  6000 2 x 5085 

Year Area/Basin Operator / 
Holder 

Type Duration/Comment 
 

Acoustic 
Signal 
@9000m 

Acoustic 
Signal 
Range 

Streamer 
Length 

Source 
Volume 
(cubic inch) 

2012/2013 East Coast/Tugela 
Basin   

Impact Oil and 
Gas 

2D February to March 2012 
 

160-180 dB  8100 3606 

West Coast Spectrum 2D December 2012 to May 
2013 
 

160-180 dB  10050 5000 

West Coast Dolphin 2D December 2012 to June 170-190 dB  10000 4330 
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Geophysical/ 
Anadarko 
 
 

2013 

West Coast/Orange 
Basin 

Dolphin 
Geophysical/ 
Shell 

3D November 2012 to 
February 2013 
 

160-180 dB  7950 2 x 4100 

West Coast/Orange 
Basin 

PGS/BHP Billiton 3D December 2012 to 
February 2013 
 

170 - 190 
dB 

 10000 2 x 4135 

2013/14 East Coast/Tugela 
Basin 
 

CGG 
 

2D 
 

March to May 2013 
 

  10050 5080 

West Coast Western Geco/ 
Thombo 
Petroleum 

3D January to February 
2013 
 

  4500 5085 

West Coast Dolphin 
Geophysical/ 
Cairn Energy 

3D February to May 2013 
 

160-180 dB  7950 2 x 4100 

Year Area/Basin Operator / 
Holder 

Type Duration/Comment 
 

Acoustic 
Signal 
@9000m 

Acoustic 
Signal 
Range 

Streamer 
Length 

Source 
Volume 
(cubic inch) 

2013/14 South Coast 
 

PGS 
 

2D 
 

February to March 2013   7950 4230 

South Coast 
 

New African 
Global Energy 

2D December 2013 to May 
2014 

  8100 - 
10050m  

4135 

South Coast New African 
Global Energy 

3D December 2013 to Jan    6000 2 x 3480 

South - East Coast  
 

PGS 
 

2D 
 

December 2013-March 
2014 

  7950 4230 
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2014 West Coast 
 

Dolphin 
Geophysical/ 
Cairn Energy 

2D 
 

February to March 2014 
 

170-190 dB  10000 4580 

East Coast/Durban 
and Zululand Basins 

CGG Veritas 2D April 2014 
 

  10050m 5580 

2015/16 West Coast (Orange 
Basin) 
 

Spectrum 2D April to May 2015   10050m 4240 

Outeniqua and West  
Bredarsdorp basins  

PGS 2D December 2015 to 
February 2016 

170-190 dB  10050m 4130 

2016 East Coast (Durban 
and Tugela Basins) 

Schlumberger 3D February to July 2016 
 

  8000m 2 x 5085 & 
2 x 3683 

Source: Petroleum Agency of South Africa 
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Between 2004 and mid-2016, the above Petroleum Agency of South Africa (PASA) data shows that 
there were 29 seismic surveys in South African waters. Of these, 18 were 2D surveys and 11 3D 
surveys.  
 
The bulk of these surveys, 19 in total happened between 2011 and 2014, of which 11 were 2D and 
8 were 3D surveys. This project was obviously commissioned because of concern by the South 
African fishing industry that seismic surveys may be negatively impacting the fishing industry. It 
would be interesting to know if these concerns mainly arose as a result of incidents that 
happened during the 5-year intense seismic survey exploration period between 2011 and 2014. 
 
Of the total 29 surveys, 6 were near the Namibian border in the West Coast / Orange Basin, 1 of 
them being a 2D survey and 5 being 3D surveys. Down the West Coast there were 6 surveys, 4 of 
them being 2D and two being 3D. On the South Coast there were 7 surveys, of which 4 were 2D 
and 3 were 3D. On the South East Coast there was 1 survey, which was 2D. On the East Coast 
there were 6 surveys, 5 being 2D surveys, and 1 being a 3D survey. There were also 2 scoping 
regional surveys, 1 each in the years 2007 and 2009, both being 2D surveys, covering the East, 
South and West Coasts.  
 

The South African Fishing Industry 

Socio-economic contribution of fisheries in South Africa 
 
Kerri Brick and Reviva Hasson, of the Environmental Economic Policy Research Unit at the 
University of Cape Town, undertook a 2016 study titled “Valuing the socio-economic contribution 
of fisheries and other marine uses in South Africa – a socio-economic assessment in the context of 
marine phosphate mining. The following information is taken directly from this study. Given the 
scattered nature of this type of data, it provides useful background when evaluating potential 
negative impacts of seismic exploration on fisheries.  
 
DAFF (2013 and 2015) estimate the total catch of commercial fisheries to be around 600 000 tons 
with an estimated value of approximately R6 billion (depending on the volatility of the pelagic 
catch of sardines and anchovy). In terms of the wholesale value of fisheries, in 2013, total catch 
across all fisheries was estimated to be 427 734 tons with an associated value of R8.0 billion 
(DAFF, personal communication).  
 
In addition, exports of fish products generated R5.3 billion in 2015. Finally, direct employment 
across all fishery sectors is estimated to be 27 000 while indirect employment in industries linked 
to the fishery sector is estimated to be between 81 000–100 000.  
 
The demersal (offshore and inshore) trawl fishery (targeting Cape hakes), and pelagic-directed 
purse-seine fishery (targeting pilchards, anchovy and red-eye round herring), are the largest in 
terms of landed tonnage and economic values. More specifically, in 2013, these two fisheries 

together accounted for approximately 86% of total catch and just over 65% of total wholesale 
value. In addition, hake and small pelagic products together account for 47% of fish exports in 
2015 (with hake products being the bulk of this at 34% of exports). Two other key fisheries are 
squid jig, in 2013 accounting for 7.1% of total wholesale value, and West Coast rock lobster 
accounting for 6.6%.  
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TABLE Catch and value data of the most commercially valuable fisheries 

 (2) (3) (4) 

 2013 2013 2013 

 Catch (t) Wholesale value (ZAR) % of total value 

Demersal offshore trawl 156 645 3 512 741 000 43.8 

Demersal inshore trawl 6 110 81 296 000 1.0 

Small pelagic purse-seine 203 100 1 625 042 000 20.3 

Squid jig 6 167 567 364 000 7.1 

West Coast Rock Lobster 1 861 529 999 000 6.6 

Total 373 883 6 316 442 000 79 

Total (SA fishing industry) 427 734 8 022 572 000  

Sources: DAFF (personal communication) and own 
calculations (Brick, K., and Hasson, R., 2016). 

   

 

The hake-trawl and small-pelagic sectors are also capital intensive, with the value of insured 
assets totalling R76.7 billion in the deep-sea trawl fishery, R12 billion in the hake inshore trawl 
fishery and R2.2 billion in the small-pelagic sector. Finally, the hake-trawl and small-pelagic 
sectors collectively accounting for 54% of total employment (with the demersal-trawl fishery 
employing between 30–35% of the fishery workforce).  
 
As shown in the table below, the West Coast rock lobster, squid, tuna pole, and horse mackerel 
sectors also have significant investments. 
 

TABLE Investment in harbour and land-based assets 

 Insured assets 

Harbour assets Land-basedassets 

Hake deep-sea trawl R2.326 billion R74.4 billion 

Hake inshore trawl R6 billion R6 billion 

Hake long line R181 million R47 million 

Small pelagics R538 million R1.624 billion 

WC rock lobster (offshore) R122 million R188 million 

Squid R486 million R51 million 

Tuna pole R253 million R17 million 

Horse mackerel R203 million R28 million 

Source: Department of Agriculture, Forestry and Fisheries. Notes: 

Harbour and land-based assets insured by rights holders. 
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TABLE   Employment and wage figures for some of SA’s commercial fisheries  

Total no. of 
employees 
in 2008 

 

% of 
employment 

 

Total wage bill 
in 2008 

Average 
per-person 
annual salary 

Average 
per-person 
daily wage 

 
 
 
 
 
 
 
 
 
 
 

Source: Department of Agriculture, Forestry and 

Fisheries (DAFF 2012a–2012j) Notes: 

• Estimates for 2008 

• Average per-person salary calculated by dividing average salary bill across rights holders (not replicated in this table) by 
average number of employees across rights holders (not replicated in this table) 

• Average daily rate calculated by dividing average per-person salary by average number of working days. Note that the 
average number of working days varies across sectors. For example, in the hake deep-sea trawl fishery, average number 
of working days is reflected as 95.5 days in 2008. 

• Note that the term ‘salary’ and ‘wage’ are used as synonyms. 

 
A study by the Bureau for Economic Research (BER) reported in a presentation by Lallemand et al. 

(2008: P14) provides an employment multiplier for the fishery sector of 10.7, meaning that an 

increase in fishery output of Rand 1 million would be associated with an extra 10.7 jobs in the 

fishery sector and in the wider economy. Similarly, a loss in fishery production would be 

associated with a decline in employment. 

 
While the fisheries sector contributes around 0.1% to GDP nationally, the sector contributes 
over 5% to Gross Provincial Domestic Product in the Western Cape (DAFF 2015). Hara et al. 
(2008) estimate that the Western Cape accounts for around 90% of the value of the fisheries 
sector, 95% of deep-sea and inshore hake catches (the most commercially valuable sector), 
71% of industry employment and nearly 72% of industry income. In terms of contribution to 
exports, the Western Cape accounted for 85% of South Africa’s total fish exports in 2012 
(WESGRO 2014). 
 

The major commercial fishing grounds are situated along the continental shelf between St Helena 
Bay and Port Elizabeth (Kaiser Associates 2012, FAO 2010). Japp and Wilkinson (2015), in the table 
below, provide the main areas of operation for each of the main commercial fishing sectors. The 
table further confirms that the majority of fishing activity takes place along the west and south 
coasts. These areas in particular, therefore, should be monitored carefully, and managed 
effectively, when it comes to the fishing industry assessing seismic survey environmental impact 
assessments, recommending seismic impact mitigation measures, and considering any negative 
impacts, after the survey is over.  
 

TABLE  South African commercial fishing sectors 

Sector Areas of operation Main ports in priority 

Tuna pole West Coast, South Coast Cape Town,  Saldanha 

Pelagic long-line West Coast, South Coast, 

East Coast 

Cape Town, Durban, Richards Bay, Port  Elizabeth 

Mid-water trawl South Coast Cape Town, Port Elizabeth 

All sectors 22 106 – R2 551 282 300 – – 

Hake deep-sea trawl 5 917 27 R765 895 613 R126 764 R1 327 

Hake inshore trawl 642 3 R970 543 082 R211 864 R2 399 

Hake long line 1 482 7 R55 855 865 R37 739 R920 

Small pelagics 5 204 24 R401 098 384 R76 663 R 628 

WC rock lobster (offshore) 1220 6 R67 606 314 R55 315 R1 467 

Squid 2 999 14 R157 568 874 R52 547 R1 248 

Tuna Pole 2 131 10 R37 386 434 R17 406 R1 244 
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Small pelagics West Coast, South Coast St Helena Bay, Saldanha, Hout Bay, Gansbaai, Mossel Bay 

Hake long-line West Coast, South Coast Cape Town, Saldanha, Mossel Bay, Port Elizabeth,   Gansbaai 

Hake hand-line West Coast, South Coast All ports, harbours and beaches around the coast 

Traditional line fish West Coast, South Coast, 

East Coast 

All ports, harbours and beaches around the coast 

Demersal shark 

long-line 

South Coast Cape Town, Hout Bay, Mossel Bay, Plettenberg  Bay, 

Cape St Francis, Saldanha Bay, St Helena Bay, Gansbaai, Port 

Elizabeth 

Hake deep-sea trawl West Coast, South Coast Cape Town, Saldanha, Mossel Bay, Port  Elizabeth 

Hake/ sole inshore trawl South Coast Cape Town, Saldanha, Mossel Bay 

West coast rock lobster West Coast Hout Bay, Kalk Bay, St. Helena 

South coast rock lobster South Coast Cape Town, Port Elizabeth 

Crustacean trawl East Coast Durban, Richards Bay 

Squid jig South Coast Port Elizabeth, Port St Francis 

Source: Japp and Wilkinson 
(2015) 

  
 

 

This table confirms that, outside of the Western Cape, the only significant fishery activity occurs 

in the Eastern Cape (Port Elizabeth and Port St Francis) where the squid fishery is based and a 

small proportion of South Africa’s sardine, inshore trawl and linefish catch are landed (Kaiser 

Associates, 2012). 
 

Hake sector 
 
Information on the South African Deep-Sea Trawling Industry Association website (SADSTIA 2017) 
indicates that the labour-intensive deep-sea trawling industry employs 7,050 people with a total 
wage bill of Rand 1,014 million per year. The industry earns Rand 5 billion in annual sales. There 
are 52 hake trawlers in total. 
 
The hake-trawl fishery is estimated to create 65 jobs for every thousand tons landed. The hake 
trawl sectors, both deep-sea and inshore, together account for 30% of total direct employment in 
the fishing industry. 
 

 

 
Effective Employment Tonnage for  HDST  134 722 145 272 144 601 

Overall Employment in ‘1000 FTE quota  tons  65 65 65 

Total Employment  8 757 9 443 9 399 

Sea based 25 2 189 2 361 2 350 

Shore based 75 6 568 7 082 7 049 

Employment breakdown     
Admin and management 4 350 378 376 

Marketing 2 175 189 188 

Sea going 19 1 664 1 794 1 786 

Shore based 25 2 189 2 361 2 350 
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Processing 50 4 378 4 721 4 700 

Female 75% of processing 3 284 3 541 3 525 

Source: Lallemand (2014)     

 

The above table shows admin, management and marketing account for 6% of employment 

within the hake deepsea trawl sector; processing accounts for around 50% of employment. 

Around 92% of employees are previously disadvantaged individuals and 75% of employees 

involved in processing are female. Not only are 97% of employees in permanent full-time 

employment, but all employees in the sector have fixed salaries with benefits; sea-going 

employees earn commission in addition to their regular salaries. 

 

Small pelagic sector 
 
The small pelagic fishery is the largest South African fishery by volume and the second most 
important in terms of value (Japp and Wilkinson 2015). The three main targeted species are 
sardine, anchovy and redeye round herring which together account for 90% of the total catch 
(DAFF 2014, Japp and Wilkinson 2015). The Department of Agriculture, Forestry and Fishing 
emphasizes the importance of the pelagic fishery to the economy for the following reasons: (i) the 
sector is the second most important in terms of value (second only to the hake fishery), (ii) pelagic 
fish are a high-quality source of protein: fish meal and oil are used as protein supplements in both 
agriculture and aquaculture, (iii) direct employment and employment in related industries is large 
and, finally, (iv) energy produced by plankton is transferred to large-bodied predatory fish, marine 
mammals and seabirds by pelagic fish (DAFF 2014). 
 
Anchovy and round herring are processed into fishmeal and fish oil while the sardine catch is 
mostly canned (for human and pet consumption) with some packed whole for bait or filleted for 
human consumption (DAFF 2014, Japp and Wilkinson 2015). Canned sardines are consumed 
domestically and exported to regional southern African markets; likewise, frozen sardines are sold 
in both domestic and international markets (mostly to the East or Mauritius) (Hutchings et al. 
2015). 
 
The total combined catch of anchovy, sardine and round herring in 2012 was 485 000 t, an 
increase of over 60% from 2011 – largely due to a substantial increase in anchovy catch from 120 
000 t in 2011 to over 300 000 t in 2012 (DAFF 2014). The combined catch for 2013 declined to just 
over 200 000 t (well below the long-term average annual catch of 335 000 t). This decline in the 
combined catch was driven by a large and unexpected reduction in anchovy catch to less than 80 
000 t in 2013 (despite a TAC of 450 000t). 
 
The majority of sardine catch is landed at Western Cape ports: in 2012: 63% of the sardine catch 
was landed at St Helena Bay (including Laaiplek), 15% in Mossel Bay and 11% was landed and 
processed at Eastern Cape ports (St Francis and Port Elizabeth) (Hutchings et al.2015). 
Approximately 85% of the sardine catch is canned; whilst the remainder is frozen and packed in 
boxes for local and international bait markets (nearly all sardines caught by right’s holders in the 
Eastern Cape are frozen and packed for the bait market) (Hutchings et al. 2015). 
 

Peterson et al. (2010) estimated the landed value of the sector to be 1.5 billion in 2008. In terms 
of more recent estimates, DAFF estimates the wholesale value of the sector to be around R1.6 
billion in 2013, accounting for just over 20% of the overall value of SA fisheries. 
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Squid are landed mainly between Plettenberg Bay and Port Alfred. The squid fishery is fairly stable 
and provides employment for approximately 3 000 people locally. The fishery is believed to 
generate in excess of R480 million in a good year (DAFF, June 2014).  

 

 

Spawning, Recruitment and DAFF Fish Stock Surveys 
 
The South African coastline is dominated by seasonally variable and sometimes strong currents 
and most species have evolved highly selective reproductive patterns to ensure that eggs and 
larvae can enter suitable nursery grounds situated along the coastline. The principle commercial 
fish species undergo a critical migration pattern in the Benguela and Agulhas ecosystems. The 
process is as follows: 
 

 Adults spawn on the central Agulhas Bank in spring (September to November); 
 Spawn drifts northwards in the Benguela current across the shelf; 
 As eggs drift northwards, hatching takes place followed by larval development; 
 Settlement of larvae occurs in the inshore areas, in particular the bays that are used as 

nurseries. This takes place from October through to Autumn (March onwards); and 
 Juveniles shoal and begin a southward migration. This is the main period the anchovy 

and sardine are targeted by the small pelagic purse seine fishery. The demersal species 
such as hake migrate offshore into deeper water. 

 
 

Effort should be dedicated to ensuring spawning periods of adult fish are not disturbed by seismic 
surveys, as this is critical to ensuring long term productivity of any fishery. In Appendix Four, the 
Norwegian Guide on Implementation of Seismic Surveys, it states: 
 
“The success of spawning could conceivably be affected if, during migration to spawning grounds 
or during spawning, the fish change behaviour due to acquisition of seismic data. The spawning 
migration pattern may change and spawning may be more or less displaced in time and space. 
Consequently, the larvae may miss the time window of optimal biological conditions for survival 
and growth.  
 
Restrictions on seismic activity have therefore been implemented in areas with important 
spawning grounds and in areas when concentrated spawning migrations take place. Time and 
area restrictions are block specific and are stipulated in the individual licensing round 
announcements”.  
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Figure. Generalised figure of the main fish recruiting process for species caught on the West Coast 
of South Africa (Source: Hutchings et al., 2002 via Wilkinson S. and Japp D.W., 2016). Figure shows the 
West Coast nursery area and the western/central Agulhas Bank spawning grounds. Light stippled 
area on the West Coast marks the main recruiting area for the small pelagic fishery and dark 
stippled area on the Agulhas Bank marks the main spawning grounds for small pelagic fish. 
 
Given that seismic surveys are known to cause fish in the viscinity to run away, seismic surveys 
should not be scheduled at the same time as DAFF stock assessment surveys. Otherwise one risks 
the danger of the survey results negatively influencing setting of total allowable catch levels. 
 
 

The best time to undertake seismic surveys so as to ensure least disruption to fishing 
 

The summary table below indicates the presence or absence of fishing activity for each sector 

throughout the year, with an indication of the intensity of fishing by month (low, moderate, 

high). The period during which the impact of survey operations on the fishing industry would be 

lowest is October and December and the highest April through to June. As the survey would not 

take place during the whale migration period (beginning of June to end of November), the 

preferred window period for minimising the impacts on the fishing industry as a whole would be 

from December to March (CapMarine, December 2015). 
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  Whale mitigation (closed to survey)  
J F M A M J J A S O N D 

Demersal trawl X X X X X X X X X X X X 

Demersal long-line (hake) X X X X X X X X X X X X 

Demersal long-line (shark) x x x X X X X X X X X x 

Large pelagic long-line x x X X X X X X X X X X 

Tuna pole X X X X X x x x x x X X 

Traditional line-fish X X X X X X X X X X X X 

Small pelagic purse-seine x X X X X X X X X x x x 

West coast rock lobster X X X X X X - - - - X X 

Fisheries research X x - - X X - - - x X x 

       
 
Key

  
No fishing effort 

Low fishing effort 

Moderate fishing effort 

High fishing effort 

Lowest impact period 

Medium impact period 

Highest impact period 
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Hake 
 
The following map showing the trawl footprint of the South African hake fishery coincides 
directly with in particular the map in the next section of this report, which depicts the 
history of 2D seismic surveys in South African waters.  
 
Like cod, hake can be disturbed by seismic surveys, disrupting fishing for a number of days. 
In the Engås et al (1996) survey, he noted reductions in catch rates of cod and haddock up 
to 18 nautical miles from the survey area (which was 3 x 10 nautical miles in size); acoustic 
mapping of the survey area showed a 45 percent reduction in fish numbers during the 

shooting, with numbers continuing to drop after shooting finished, to a total decline of 64

 percent. Catch rates within the survey area fell 68 percent; in surrounding areas, catch 

rates fell 45-50 percent. Virtually all the larger cod (over 60cm) left the shooting area; 
among haddock, there was still some evidence of larger fish still being caught, though at a 
reduced proportion relative to before the survey. Catch rates at greater distances from the 
survey showed increasing proportions of larger fish. The study followed fish numbers via 
both catches and acoustic mapping for five days after the survey; while there was some 
return of fish (and proportionately more larger fish) during this time, stock numbers were 
still well below the starting point after five days of quiet.  
 
In the case of longline caught hake, fish behavior studies have shown that fish catches drop 
more than for net caught fish. This is to be expected in that the fish swim away from the 
longline hooks, while with nets they can potentially still be caught in the confusion of 
escape.  
 
The Engås study also showed that catch rates increased as one got further away from the 
seismic survey area, meaning that for hake, while one can expect disruption for a number 
of days, once the survey moves 30 or so nautical miles away, fish behaviour and 
catcheability should return to normal in the days that follow. 
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Trawl footprint of the South African hake trawl fishery 

 
Source: Sink et al., 2012. Mapped by Wilkinson and Japp, 2008. 
 
In the case of demersal hake, the above figure depicts the spatial footprint of the demersal 
hake-trawl fishery. Offshore vessels operate along the west and south coast: from the 
Namibian border, southwards to the south coast and up to Port Alfred (Sink et al. 2012, 
Andrews et al. 2015). 
 
The inshore trawl fishery operates along the south coast from the ports of Mossel Bay and 
Port Elizabeth (Andrews et al. 2015). 
 

As has happened in Norway (Landrø M., 2011), in a 3D seismic survey outside Vesterålen, 
the period was chosen based on advice from fishing industry organisations, working with 
the Directorate of Fisheries, and the Institute for Marine Research (IMR), with the aim of 
conducting the survey during a period when the seismic acquisition activity would cause as 
little inconvenience as possible to the fishing industry, and avoiding spawning periods. This 
practice should also be encouraged in South Africa. 
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Figure: Landing of hake by the offshore and inshore demersal trawl fleets 

between 1990 and 2013. (Source: DAFF via Wilkinson S. and Japp D.W., 

2016). 

 
The above figure shows landings of hake, for both deepwater and inshore trawl, in total 
ranging between 100,000 – 145,000 tonnes annually. It was at it’s lowest in 2009, and 
highest in 2013. Based on the earlier Petroleum Agency of South Africa table showing 
seismic surveys from 2004 to 20016, there was only one survey in 2009, when hake catches 
were lowest. It was a 3D survey which lasted over four months, but it was in the West 
Coast / Orange Basin area, right up near the Namibia border. In 2013, when hake catches 
were at their highest, this overlapped with ten seismic surveys. Of these, five were 2D 
surveys and five were 3D surveys. Based on tallying up the duration of surveys within 
calendar year 2013, 24 months of surveys were undertaken. Of these: two were in the 
West Coast Orange Basin area; three were on the West Coast; three were on the South 
Coast; one was on the South East Coast; and one was on the East Coast / Tugela Basin.  
 
From these hake catch versus seismic survey results, the evidence suggests that other 
elements were at play here, such as the health of the fish stock, and not seismic surveys, 
which should help give peace of mind to the hake industry. 
 
The following figures showing catch and effort for the hake trawl and longline fisheries as 
backup data in case they provide additional guidance on when to recommend that a 
seismic survey occurs, so as to cause as little disruption to fishing operations as possible. 
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Figure. Average number of trawls undertaken by the demersal trawl fleet by month over the 
period 2000 to 2014 (CapMarine, November 2015). 
 
 

Figure. Average catch (tons) and effort (fishing hours) recorded by the demersal trawl fleet 
by month during 2013. (DAFF via CapMarine November 2015) 

 

Demersal long-line fishing grounds are similar to those targeted by the hake-directed trawl 

fleet. Lines are set parallel to bathymetric contours, along the shelf edge up to the 1 000 m 

isobath. The following figure shows the spatial distribution of hake- directed long-line catch 

recorded off the West Coast of South Africa between 2000 and 2012. 
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Figure. Average number of lines set by the hake-directed demersal long-line fleet by month 
(2000 to 2012) (DAFF via CapMarine, November 2015) 
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Tuna pole fishery 
 

The resource (longfin tuna) is a global species. The common name for longfin tuna in South 

Africa is “Albacore” (Thunnus alalunga). Small quantities of yellowfin tuna are also landed 

by the pole and line fishery. The expected catch for the whole fishery around the coast 

would approximate 4000 t in any one year. Effort is measured in boat days and would 

include the whole fleet of about 120 boats and 6-8000 days fished. Variability in catches is 

driven largely by variability in abundance and distribution of longfin tuna, which in turn is 

driven by variability in the environment and other ecosystem components at a range of 

spatial and temporal scales (CapMarine, December 2015). 

Fishing activity occurs along the entire West Coast beyond the 200 m isobath. Activity 

would be expected to occur along the shelf break with favoured fishing grounds including 

areas north of Cape Columbine and between 60 km and 120 km offshore from Saldanha 

Bay (CapMarine, December 2015). The fish migrate from south to north, and then into 

Namibia’s southern waters. 

 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure: Annual landings (tons) recorded for the tuna pole fishery between 

2003 and 2014. Effort over the same period is shown as total number of 

days fished. Source: DAFF via Wilkinson S. and Japp D.W., 2016. 

 

Based on data provided by the Petroleum Agency of South Africa, between 2004 and 2016, 

there were 13 seismic surveys on the West Coast: a 3D survey in 2004 in the north in the 

West Coast/Orange Basin; a 2D regional survey covering all coasts in 2007; a 2D survey on 

the West Coast in 2008; a 3D survey on the West Coast /Orange Basin in 2009; a 3D survey 

on the West Coast / Orange Basin in 2011; two 2D surveys on the West Coast overlapping 

2012/13, one running from December to June and the other from December to May; two 

3D surveys on the West Coast/Orange Basin overlapping 2012/13, one from November to 

February and the other from December to February; two 3D surveys on the West Coast in 

2013, one from January to February, and the other from February to May; one 2D survey 

on the West Coast in 2014 from February to March; and finally a 2D survey on the West 

Coast in 2015 from April to May.  
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The highest number of recent seismic surveys occurred between 2012 and 2013, 

amounting to six, two of which were 2D and four were 3D surveys. In total they covered a 

period of 26 months. When one looks at the catches during 2012 and 2013, they were 

around 4,000 tonnes and above, which is good. At that time there were reports by South 

African pole and line fishermen that catches were bad, but in terms of the whole fishery, 

one can see that the overall catch was good, which is in contrast to Namibian pole and line 

fishery, where the catches have dropped significantly. 

 
The two 2D surveys on the West Coast overlapping 2012/13, one running from December to 
June and the other from December to May, may have had the most impact on the tuna as 
one lasted for seven months and the other for six months. These surveys occurred at the 
same time as the tuna season, along the tuna migration pathway. The South African 
fishermen who experienced a downturn in catches may well have done so at the time of 
these very long surveys, in the “viscinity of the areas being surveyed”. In other words, 
potentially these fast swimming migratory fish moved away from the areas where the 
seismic sound was intense, and were caught by tuna vessels elsewhere in South African 
waters. As explained earlier in the report, Australian fishermen fishing for Southern Bluefin 
Tuna found they were not available in the area where they were normally fishing during a 
very long seismic survey. The following year another seismic survey occurred, avoiding the 
tuna migration window, and fishing returned to normal.  
 
As to reduced Namibian albacore tuna catches, there have been seismic surveys in the West 
Coast / Orange Basin, in South African waters, just south of Namibia’s Tripp Seamount tuna 
fishing grounds, and there have been a lot of surveys in Namibia’s southern waters. So the 
Namibian fishery potentially has been suffering as a result of the cumulative impact of 
regular seismic surveying near tuna fishing grounds, during the tuna season. Since 2011, 
when albacore tuna catches were 4,000 tonnes, and started to decline dramatically, there 
have been times when catch per unit effort picked up significantly, but this has only lasted 
temporarily, the overall catch decline to date dropping to well under 1,000 tonnes. 

 

Reports are that South African pole and line catches in 2016 dropped off significantly but 

based on Petroleum Agency of South Africa records, no seismic surveys occurred on South 

Africa’s West Coast during 2016, suggesting environmental effects caused the drop.   

 

With regard to specific tuna pole and line mitigation options the following mitigation 
measures were proposed by CapMarine, December 2015, to minimise the impact of a 
seismic survey: 

 
1. Avoid the peak fishing season which extends from November through to April 
2. If it is not possible to avoid the peak fishing period initiate direct consultation with 

tuna pole and line fishers and identify target fishing areas. 
3. As the fishery is dynamic, the tuna fleet will move as aggregations are identified. If 

aggregations are identified well offshore and greater than 33 km from source 
(seismic) then no actions would be required from the management of the survey. 

4. If fishing activity is localised and can be identified, then communication channels 
should be used to redirect the survey (if practicable) to areas likely to have least 
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impact on the pole and line fishers. 
5. Monitoring of the fleet can also be supported by the DAFF Vessel Monitoring Unit. 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure. Average catch landed (tons) by month by the tuna pole fishery between 2003 and 
2014. Effort is shown as total number of days fished (Source: DAFF via CapMarine, 
December 2015). 
 
 

Small pelagic fishery (sardine, anchovy, and round herring) 
 
The small pelagic fishery’s two main targeted species are sardine and anchovy with 
associated by-catch of round herring (red-eye) and juvenile horse mackerel. The fishery 
operates throughout the year with a short break from mid-December to mid-January. The 
geographical distribution and intensity of the fishery is largely dependent on the seasonal 
fluctuation and distribution of the targeted species, in accordance with variability in the 
upwelling ecosystem in which they exist (CapMarine, December 2015). 
 
Main fishing grounds are along the west and south coasts of the Western Cape and the 
Eastern Cape coast up to a maximum distance of 100 km offshore, but usually closer 
inshore.  The majority of the fleet of 101 vessels operate from St Helena Bay, Laaiplek, 
Saldanha Bay and Hout Bay with fewer vessels operating on the South Coast from the 
harbours of Gansbaai, Mossel Bay and Port Elizabeth (Japp and Wilkinson 2015).  
 
The sardine-directed fleet concentrates effort in a broad area extending from Lambert’s 
Bay, southwards past Saldanha and Cape Town towards Cape Point and then eastwards 
along the coast to Mossel Bay and Port Elizabeth. The anchovy-directed fishery takes place 
predominantly on the South-West Coast from Lambert’s Bay to Kleinbaai (19.5°E) and 
similarly the intensity of this fishery is dependent on fish availability and is most active in 
the period from March to September. Round herring (non-quota species) is targeted when 
available and specifically in the early part of the year (January to March) and is distributed 
from Lambert’s Bay to south of Cape Point. This fishery may extend further offshore than 
the sardine and anchovy-directed fisheries (CapMarine December 2015). 
 
 

L
a

n
d

in
g

s
(t

o
n

s
) 

E
ff

o
rt

(d
a

y
s
) 

	 120
0	

120
0	

100
0	

100
0	

80
0	

80
0	

60
0	

60
0	

40
0	

40
0	

20
0	

20
0	

0	 0	

Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov
	 Dec	

Albacor
e	

Yellowfi
n	

Othe
r	

Effor
t	



 

 

88 

 

 

 
Figure: The distribution and relative density of anchovy recruits observed during the May 2013 
recruitment survey (DAFF June 2014).  

 
Figure: Composite catch distribution and average monthly catch (histogram, with one 
standard deviation shown), of round herring (directed and bycatch combined) over the 
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period 1987-2012 (DAFF June 2014).  

 

 
 

Figure: Total weight of catch landed in tonnes by the small pelagic fishery from 1987 to 2014 
(DAFF via CapMarine December 2015). 

 

 
 

Figure: South African combined anchovy, sardine and redeye herring biomass. Source: DAFF 
via Mike Copeland, Oceana Group. 
 
Based on the Petroleum Agency of South Africa 2004 – 2016 seismic surveys, detailed earlier 
in the report, for the small pelagic fishery: there was a 2D survey in the Pletmos Basin 
during 2005; a regional 2D survey covering all coasts in 2007; a 2D West Coast survey in 
2008; again a 2D regional survey in 2009; two South Coast surveys in 2011, one being 3D 
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and the other 2D; in 2012/13 there was one 2D South Coast survey and two 2D West Coast 
surveys; in 2013/14 there were two 3D West Coast surveys, three South Coast 2D surveys, 
and one South East coast 2D survey; and in 2015/16 there was one 2D seismic survey off the 
Outeniqua and West Bredarsdorp Basins. 
 
If one looks at the above figure showing small pelagic landings, during 2013 there was a 
significant drop in catches, resulting in around 200,000 tonnes catch.  Given that there was 
an intensive period of seismic surveys around that time, one asks the question whether 
these surveys could have reduced catches? 
 

Johan De Goede of DAFF’s pelagic section made an observation that in 2013 DAFF set a 
healthy TAC for anchovies, but in the end only around 80,000 tonnes was caught. He said 
that he had heard from skippers, that on their fish finding equipment, they could see the 
fish, but the fish was deeper than their purse seine nets could reach. In the earlier section 
covering fish behavior response to seismic airgun shots, a key observed behavior is that the 
fish go deeper. In total only around 200,000 tonnes of small pelagic fish were caught in 
2013. Pierre Le Roux of Etosha Fishing Corporation in Namibia stated that during the 
pilchard season in 2013, there was a seismic survey close to their fishing grounds. He said 
there were obvious signs that the fish were being disrupted as they would be fishing and the 
fish would suddenly disappear and it would take three or so days before they found the fish 
again. Also earlier in this report, herring is described as one of the best hearing fishes, the 
fish’s ear structure being connected to the swim bladder, which amplifies sound. 
 

Based on the above, there appears evidence that these small pelagic fish are more sensitive 
to seismic sound. If one looks in more detail at the seismic surveys which occurred in the 
South African small pelagic fishing grounds during 2013, there were a significant number of 
surveys totaling 9, 5 of which were 2D surveys and three were 3D surveys. 
 
The number of months spent on seismic surveys in the small pelagic fishery during 2013 was 
22. These comprised: two long 2D surveys, each on the West Coast totaling 11 months; two 
3D surveys on the West Coast totaling 6 months; two 2D surveys on the South Coast totaling 
3 months; one 3D survey on the South Coast totaling 1 month; and one 2D survey on the SE 
Coast totaling one month.  
 
By comparison the small pelagic catch in 2012 was nearly 500,000 tonnes, and in 2014 it 
was nearly 400,000 tonnes. In 2012 there were three seismic surveys comprising one 3D 
taking four months on the South Coast, and two 2D, each taking one month on the West 
Coast totaling six months of surveys. In 2014 there was: one 2D seismic survey, taking five 
months on the South Coast; a 3D survey taking one month on the South Coast; a 2D survey 
taking 3 months on the South East Coast; and a 2D survey taking 2 months on the West 
Coast; totaling 11 months of surveys. 
 
  
 

Year Number of months of 
seismic surveys 

Total catch of small pelagic 
fish 

2012 6 months Nearly 500,000 tonnes 

2013 22 months Around 200,000 tonnes 

2014 11 months Nearly 400,000 tonnes 
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Figure: Comparison of months of seismic surveys versus total small pelagic fish catch for 
2012 – 2014. 
 
For these three years, the greater the number of months of seismic surveys on the fishing 
grounds, the smaller the fish catch. Certainly in 2013 the level of catch was very low, while 
the number of seismic surveys was abnormally high.  
 
Interestingly, also, based on the figure above, for the three years 2012-2014, the DAFF 
biomass estimate for 2013 was highest, followed by 2014, and the lowest was for 2012. Yet 
catches were the exact opposite, suggesting that seismic surveys may well have had an 
impact, long seismic surveys of around six months, and a lot of seismic surveys together 
having a cumulative impact which during 2013 in particular, could have cost the fishing 
industry a lot of lost revenue. 
 
 

Horse mackerel 
 
Cape horse mackerel Trachurus capensis are semi-pelagic shoaling fish that occur on the 
continental shelf off southern Africa from southern Angola to the Wild Coast. They feed 
primarily on small crustaceans, which they filter from the water using their modified 
gillrakers (DAFF, June 2014).  

Historically, large surface schools of adult Cape horse mackerel occurred on the West Coast 
and supported a purse- seine fishery that made substantial catches. These large schools 
have since disappeared from the South African West Coast, but still occur off Namibia 
where horse mackerel are the most abundant harvested fish. Adult horse mackerel 
currently occur more abundantly on the South Coast than the West Coast of South Africa 
(DAFF, June 2014).  

In South Africa horse mackerel is caught by: 
• midwater trawlers operating along the continental shelf edge; 
• bottom trawlers that are dual licensed to catch both hake and horse mackerel; 
• as a by-catch in the bottom trawl hake fishery; 
• as a by-catch in the purse seine fishery. 

 
There is one trawler the MFV Desert Diamond operating in the midwater trawl fishery. Prior 
to 2016 year she was confined to waters east of 20⁰e and in waters deeper than 110 
metres. There has been an inexplicable decline in the availability of fish in the traditional 
areas and for the first time the Desert Diamond has been allowed to fish in the waters 
between Cape Point and 20⁰e. 
 
The 4 dual licensed hake vessels are able to land their catches either against their hake or 
horse mackerel catches according to an agreed set of rules. 
On the west coast the purse seiners targeting anchovy, catch juvenile horse mackerel as a 
by-catch whilst the purse seiners targeting sardine on the east coast, catch larger horse 
mackerel as a by-catch. 
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Source: DAFF via Russell, D., and Copeland, M., 2017. 
 
There has been an alarming dip in the trawl horse mackerel catches off South Africa in 
recent years as fish became unavailable in the traditional grounds. Reasons for the 
unavailability are not clear but it is suggested it could be due to environmental reasons or 
could be due to an increase in natural mortality.  
 
Both the catches in the mid-water trawl fishery and by the dual licensed vessels have been 
affected.  
 
The by-catch of juvenile horse mackerel, caught in the purse seine fishery which is targeting 
anchovy and sardine, is strictly controlled by a 3 year running precautionary upper catch 
limit currently set at 12,000 tons. The upper catch by the hake vessels for 2016 remains at 
12,500 tons. The TAC of midwater trawl vessels for 2016 was set at 38,658 tonnes. However 
given the situation some effort restrictions were introduced. The estimated catch of 
midwater trawl horse mackerel for 2016 is about 21,000 tonnes, so this is up on 12,435 
tonnes for 2015. 
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Source: DAFF via Russell, D., and Copeland, M., 2017. 
 
Horse mackerel, while being a pelagic species, has its gas bladder (which amplifies sound), 
distant from the ear. When there are seismic survey environmental impact assessment 
public meetings in Namibia, horse mackerel operational companies do not usually turn up to 
give input, suggesting that they are not unduly concerned by the negative impacts of seismic 
sound. Having said that, in recent years the horse mackerel annual total allowable catch in 
Namibia has been close to 350,000 tonnes, so with such a large TAC, vessel operators may 
not be so aware of any potential seismic survey impacts. In addition, the bulk of the seismic 
surveys in Namibia are in the south, while the horse mackerel fishery is further north. 
 
If one focusses on the directed midwater trawl horse mackerel fishery, this mostly occurs on 
South Africa’s South and SE Coasts.  
 
Based on the Petroleum Agency of South Africa 2004 – 2016 seismic surveys, detailed earlier 
in the report, for the midwater trawl horse mackerel fishery: there was a 2D survey in the 
Pletmos Basin during 2005; a regional 2D survey covering all coasts in 2007; again a 2D 
regional survey in 2009; two South Coast surveys in 2011, one being 3D and the other 2D; in 
2012/13 there was one 2D South Coast survey; in 2013/14 there were three South Coast 2D 
surveys, and one South East coast 2D survey; and in 2015/16 there was one 2D seismic 
survey off the Outeniqua and West Bredarsdorp Basins. 
 
If one looks at the earlier graph showing horse mackerel annual catches from 2000 to 2015, 
catches seem good at the same time seismic surveys were occurring in earlier years. In 2013 
is there a drop in catches at the same time that there were four  seismic surveys on the 
South Coast and SE Coasts covering five months. Three of these surveys extended into 2014, 
two on the South Coast and one on the SE Coast, totalling 9 months as catches further 
declined in 2014. Again catches declined slightly in 2015, but there was only one survey in 
the Outeniqua and West Bredarsdorp basins, lasting three months from December 2015 to 
February 2016. 
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On the basis of this data, it is hard to point to seismic surveys as a key negative factor, 
particularly given there were years when seismic surveys happened, but catch rates 
increased. For example 2011 when catches were at their highest, but there were two 
seismic surveys, one 3D and one 2D on the South Coast, amounting to five months of 
surveys. 
 
 

Rock Lobster 
 
The West Coast rock lobster (Jasus lalandii) is a slow- growing, long-lived species, which 
occurs inside the 200 m depth contour along the entire West Coast from Walvis Bay in 
Namibia to East London on the East Coast. The fishery is divided into the offshore fishery 
and the near-shore fishery, both of which take place inshore of the 100 m isobath. Effort is 
seasonal with boats operating from the shore and coastal harbours. Catch is landed whole 
and is managed using a TAC, approximately 80% and 20% of which is allocated to the 
offshore and near-shore fisheries respectively (CapMarine, November 2015). 
 

 
 

Figure: West Coast rock lobster fishing zones and areas. The five Super Areas used in the 
Operational management Procedure (OMP) corresponds to Zone A, Zone B, Zone C, Area 7 
and Area 8 combined with Zone F (DAFF, June 2014).  

The offshore sector operates in a water depth range of 30 m to 100 m whilst the inshore 
fishery is restricted by the type of gear used to waters shallower than 30 m in depth. The 
fishery operates seasonally, with closed seasons applicable to different zones. Zone A 
(Management Area 1 and 2) operates from 1 October to 30 April, Zone B – F (Management 
Area 3 to 14) operates between 15 November and 30 June. Management Area 8 is the 
exception as it is located within the deep-water area off Cape Point, and operates between 
15 November and 30 September (D. van Zyl, pers. comm, in CapMarine, November 2015). 
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Figure: Average annual landed mass (kg) for the West Coast rock lobster fishery from 1969 
to 2013 (Source: DAFF via Capricorn Marine Environmental, November 2015). 

 
 
 

 

 

 

 

 

 

 

 

 

Table.: West Coast rock lobster catches by Area Code for the year 2013 
 

South Coast rock lobsters (Palinurus gilchristi) are endemic to the southern coast of South 
Africa, where they occur on rocky substrata at depths of 50-200 m. The fishery operates 
between East London and Cape Point and up to 250 km offshore along the outer edge of the 
Agulhas Bank, and fishing gear is restricted to longlines with traps. It is the second largest 
rock lobster fishery in South Africa, and is capital intensive, requiring specialized equipment 
and large ocean-going vessels.  

The fishing season for South Coast rock lobster is year round, extending from 1 October to 
30 September of the following year. The management strategy is a combination of TAC and 
Total Allowable Effort (TAE). The TAC limits the total catch and is based on an annual 
resource assessment, where- as the TAE is measured in fishing days allocated to each vessel 
(DAFF, June 2014). 

 

Area Code Area Name Landed Mass (kg) 

1 Port Nolloth 6 131 

2 Hondeklip Bay 0 

3 Doring/Lamberts Bay 38 652 

4 Elands Bay 173 349 

5 St Helena Bay 79 152 

6 Saldanha Bay 4 283 

7 Dassen Island 197 231 

8 Cape Peninsula/Hout 1 142 266 

11 False Bay 63 260 

12 Kleinmond 89 583 

13 Hermanus 52 614 

14 Gansbaai 7 112 

 Total 1 853 637 
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Figure: Annual catches of South Coast rock lobster from 1977- 2011 (DAFF June 2014).  

Based on the Petroleum Agency of South Africa 2004 – 2016 seismic surveys, detailed earlier 
in the report, for the rock lobster fishery: there was a 2D survey in the Pletmos Basin during 
2005; a regional 2D survey covering all coasts in 2007; a 2D West Coast survey in 2008; 
again a 2D regional survey in 2009; two South Coast surveys in 2011, one being 3D and the 
other 2D; in 2012/13 there was one 2D South Coast survey and two 2D West Coast surveys; 
in 2013/14 there were two 3D West Coast surveys, three South Coast 2D surveys, and one 
South East coast 2D survey; and in 2015/16 there was one 2D seismic survey off the 
Outeniqua and West Bredarsdorp Basins. 
 

In the intense period of 2013, when there were 10 seismic surveys: four on the West Coast, 
comprising two 2D and two 3D, and two 3D surveys on the West Coast/Orange Basin, 
amount to 21 months of seismic surveys; and four surveys on the South and South East 
Coasts, of which three were 2D and one was 3D, amounting to 5 months of surveys. The 
number of months spent on seismic surveys in the West and South Coast rock lobster 
fishery during 2013 was 22. While I don’t have catch figures for the South Coast rock lobster 
fishery, on the West Coast where the bulk of the surveys were, both in number and time 
spent on surveys, there is not a significant drop in catch for the West Coast rock lobster 
fishery compared to previous years. Also in the Australian study by Parry and Gason (2006), 
they did not find any evidence that lobster catch rates were affected by seismic surveys. 
 
Earlier in this report in the section on seismic impacts on invertebrates, there is research 
evidence of suppression of the immune system of rock lobster, and the lobster were also 
shown to struggle to right themselves. Damage to the sensory hairs of the statocyst, the 
primary mechanosensory and balance organ of the lobster, was observed following 
exposure in three of four experiments. This damage was statistically correlated to the delays 

in righting time (Day, R.D., et al., 2016a).   

 
 

This impact on balance and drop in health is not a good sign, in that while it does not show 
an immediate decline in the fishery, it could cause a chronic decline over time. 
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As stated in the impacts on rock lobster research, earlier in this report, the results from 
lobster experiments indicate that different life history stages have different levels of 
sensitivity to air gun signals. As such, it is necessary to evaluate across the life history of an 
organism to draw broad conclusions over the effect of exposure. Additional research in this 
area is critical for forming an ecosystem level understanding of the effects of air gun signals 
in the marine environment.  

 
 

Squid 
 
Squid Loligo reynaudi, locally known as ‘chokka’, occurs around the coast from Namibia to 
the Wild Coast off the Eastern Cape. They are fast growing, reaching reproductive size in 
approximately one year or less and their total life span is less than two years. Males can 
reach a maximum mantle length of 48 cm and females 28 cm during this time. Chokka 
spawning occurs all year round, with a peak in summer, and its distribution is governed 
largely by environmental conditions. Spawning occurs on the seabed, mostly in inshore 
areas of less than 40 m depth, and occasionally in deeper waters (DAFF, June 2014).  

The abundance of squid fluctuates widely, mainly due to biological factors such as spawning 
distribution and survival rates of hatchlings and juveniles, and environmental factors such as 
temperature, currents, turbidity and macro-scale events such as El Niños. Fishing pressure 
appears to play an increasing role in these fluctuations in abundance (DAFF, June 2014).  

They are landed mainly between Plettenberg Bay and Port Alfred. The squid fishery is fairly 
stable and provides employment for approximately 3 000 people locally. The fishery is 
believed to generate in excess of R480 million in a good year (DAFF, June 2014).  

 
 

Figure: Annual effort (person-days) exerted in the jig fishery over recent years. The 
horizontal line represents the target effort level.  
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Figure: Annual catches of jig-caught squid off South Africa, 1985– 2012. Data are from the 
South African Bureau of Standards (SABS) provided by Industry for the period 1985–2007, 
and the National Regulator for Compulsory Standards (NRCS) for the period 2008–2012.  

Based on the Petroleum Agency of South Africa 2004 – 2016 seismic surveys, detailed earlier 
in the report, for the squid jig fishery: there was a 2D survey in the Pletmos Basin during 
2005. Not to say there is a link, but in 2005, squid catches dropped dramatically. Then there 
was a regional 2D survey covering all coasts in 2007, and again a 2D regional survey in 2009; 
two South Coast surveys in 2011, one being 3D and the other 2D, amounting to five months 
of surveys with squid catches dropping in 2011; in 2012 there was one 3D South Coast 
survey lasting five months, squid catches again dropping; in 2013/14 there were three South 
Coast 2D surveys, and one South East coast 2D survey lasting 14 months; and in 2015/16 
there was one 2D seismic survey off the Outeniqua and West Bredarsdorp Basins lasting 
three months. 
 
The above graph of annual catches of squid does not go beyond 2012. It would be 
particularly interesting to see if catches dropped further in 2013/14 when there were 14 
months of seismic surveys. 
 
Potentially from the above data, there is a correlation between seismic surveys and drop in 
squid jig catches.  
 
Certainly, in the earlier research section in this report on squid, there are serious concerns 
about the impact of low frequency seismic airgun sounds on squid, where squid can die or 
suffer severe organ damage. 
 
Andre et. al., 2011, presented the first morphological and ultra structural evidence of 
massive acoustic trauma, not compatible with life, in four cephalopod species subjected to 
low-frequency controlled-exposure experiments. The protocol included immediate 
exposure to 50–400 Hz sinusoidal wave sweeps, while the level received was measured by a 
calibrated hydrophone (received sound pressure level: 157 ± 5 decibels [dB.  

Why the relatively low levels of low-frequency sound have caused such lesions in 
cephalopods requires further investigation. In particular, it will be critical to determine the 
onset mechanism of the acoustic trauma in order to determine whether these animals are 
more sensitive to particle motion or acoustic pressure, or to a combination of both. 
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While there is uncertainty regarding the biological importance of particle motion sensitivity 
versus acoustic pressure, recent electrophysiological studies confirmed the cephalopods’ 
sensitivity to frequencies under 400 Hz suggesting sensitivity to low-frequency particle 
motion and not pressure (Octopus vulgaris, Kaifuet al. 2008; Sepio- teuthislessoniana, 
Octopus vulgaris, Hu et al. 2009; Loligo pealei, Mooney et al. 2010).  

Larvae and juveniles may also be more susceptible to the harm of underwater noise 
than adults, possibly jeopardizing the sustainability of populations. Seismic noise has been 
shown to have more severe impacts on juvenile scallops, crabs, and squid (Sole et al., 2017). 

These results indicate that the deleterious effects of marine noise pollution go well beyond 
those observed in whales and dolphins, and indicate a need for further environmental 
regulation of human activities that introduce high-intensity, low-frequency sounds in the 
world’s oceans. If the relatively low levels and short exposure applied in this study can 
induce severe acoustic trauma in cephalopods, the effects of similar noise sources on these 
species in natural conditions over longer time periods may be considerable (Andre et al, 
2011). 

 

Prawns 
 
The KwaZulu-Natal prawn trawl fishery consists of two components: a shallow water (5 to 
40 m) fishery on the Thukela Bank and at St Lucia in an area of roughly 500 km2, and a deep-
water fishery (100 to 600 m) between Cape Vidal in the north and Amanzimtoti in the south, 
covering an area of roughly 1700 km2 along the edge of the continental shelf. Species 
captured in the shallow-water trawl fishery include white prawns Fenneropenaeus indicus 
(80% of the prawn catch), brown prawns Metapenaeus monoceros and tiger prawns 
Penaeus monodon. The abundance of shallow-water prawns on the fishing grounds is highly 
variable between years depending on recruitment. Shallow-water prawns have a 1-year 
lifespan and the juvenile stages are spent in estuaries; recruitment therefore depends on 
rainfall and river run-off (DAFF, June 2014).  

Species captured in the deep-water sector include pink and red prawns Haliporoides 
triarthrus and Aristaeomorpha foliacea, langoustines Metanephrops mozambicus and 
Nephropsis stewarti, rock lobster Palinurus delagoae and red crab Chaceon macphersoni. 
These deep-water species are longer lived than those found in the shallow-water 
component and do not depend on an estuarine juvenile stage (DAFF, June 2014).  

Management of the fishery is via effort-control, which is effected by limiting the number of 
vessels allowed to operate in the two sectors of the fishery. It is important to note that 
many vessels only fish in KZN when prawns are abundant, but then re- locate to other areas 
(such as Mozambique) in periods when yields in KZN decline and the operation becomes 
uneconomical. Most recently, effort has been low, with only four vessels operating in 2012. 
Recruitment failure on the Thukela Bank as a result of inadequate river run-off has severely 
impacted on the shallow-water fishery in recent years (DAFF, June 2014).  

Very low catches in recent years (are attributed to drought conditions and the closure of the 
mouth of the St Lucia estuary by a sandbar – recruitment of juvenile prawns from the 
estuary to the Thukela Bank has therefore been blocked, leading to recruitment failure on 
the Thukela Bank in the last 10 years. This has severely impacted on the shallow-water 
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fishery and resulted in the catch remaining close to the historic low of 7–10 t since 2008, 
compared with, for example, a catch of 107 t in 2000. As a consequence, it has been 
recommended that the exploitation levels be retained at the current level, but that fishing 
on the Thukela Bank is restricted to between March and August.  

Trends in catches in the deep-water fishery relate both to abundance and targeting 
practices, where specific depths or substratum types are selected to achieve a desired 
species mix or highest economic value. Landings of deep-water prawns increased from a low 
level of 79.2 t in 2007 to 153.4 t in 2012, confirming an increasing trend of catches during 
the past 5 years. Langoustine catches dropped from 59.8 t in 2009 to 51.2 t in 2010, but 
increased to around 80 t in the last 2 years. Catch of rock lobster remained at the level of 
about 20 t since 2010. Catches of red crab increased slightly from 19.7 t in 2011 to 21.6 t in 
2012, remaining at the low level reached in 2002. 

 

 
 

Figure: Total annual catches of (a) shallow-water prawns and (b) deep-water prawns in 
KwaZulu-Natal for the period 1992 to 2012. (DAFF, June 2014). 

 

Based on the Petroleum Agency of South Africa 2004 – 2016 seismic surveys, detailed earlier 
in the report, for the prawns fishery: there was a 2D survey on the East Coast in 2005 by the 
Alfred Wegener Institute (AWI), but not much other information could be retrieved on this, 
other than that it seemed to be a research survey; there was a regional 2D survey covering 
all coasts in 2007, and again a 2D regional survey in 2009 by AWI; in 2012 there was a 2D 
survey for two months on the East Coast/Tugela Basin for two months; in 2013 there was a 
2D survey in the East Coast/Tugela Basin for three months; in 2014 there was a 2D survey in 
the East Coast/Durban and Zululand Basins for one month; and in 2016 there was a 3D 
survey in the East Coast Durban and Tugela Basins for six months.     
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Between 2004 and 2016, there were a total of seven surveys only, of which three were 
regional or research surveys, and the rest were 2D surveys ranging between one and three 
months. From these limited surveys, one would expect limited, if any significant impact, on 
the prawn fishery. Only in 2016 are we seeing the maturing of the oil exploration with a 3D 
survey lasting 6 months. There is only data in this report up to 2012, but it would be very 
interesting to see if this most recent 2016 survey has had any impact on the prawn fishery. 
 
Based on the earlier seismic impacts research section on Crustaceans including Prawns, 
Langoustines and Crabs, the view is that understanding in relation to the sensitivity of 
crustacean species throughout their life history, including long term chronic exposure is 
warranted. Few studies have defined crustacean sensitivity to underwater noise, specifically 
particle motion parameters of discrete sounds. 
 
Sound exposure calculations for crustaceans must primarily consider the particle motion 
element of anthropogenic noise fields. This is especially complicated for mobile, current 
borne larvae and migratory life stages. Adult C. pagurus for example, have been recorded 
migrating distances of 245 km over two years (Fahy and Carroll, 2008). Cohorts may 
therefore be subject to repeated exposure in different localities over their life cycles. 
Current research suggests that crustacean sensitivity is restricted to particle motion, 
primarily localised to the site of sound introduction.  
 
In the absence of gas filled organs, sound detection among crustaceans is believed to occur 
through hair and statocyst detection of the particle motion component of the sound field. 
Insights obtained from Nephrops norvegicus and related crustaceans such as the prawn 

Palaemon  serratus; reveal both adult and juvenile crustacean life stages sensitive to low 
frequency sound such as seismic surveys (Hughes et al., 2014; Lovell et al., 2005; Jeffs et al., 
2003; Radford et al., 2007; Stanley et al., 2010; Solan et al., 2016). Studies show that larval 
and post-larval stages of related crustacean species use low frequency sound (e.g. reef 
sound) as behavioural cues for orientation (Jeffs et al., 2003). 
 
It is not known if the eggs, larvae or adults of Cancer pagurus (Brown Crab), and Nephrops 
norvegicus (Langoustine) can suffer direct physical harm as a result of exposure to high 
amplitude anthropogenic noise. Findings among related species show that egg development 
among specific crustaceans may be retarded, metabolic rates increased and internal organs 
damaged following exposure to high amplitude anthropogenic sounds (Christian et al., 
2003; Pearson et al., 1994; Wale et al., 2013b). 
 
The physical capacity for slow moving benthic adult or mid-water larval crustaceans to avoid 
exposure to sound is limited although no significant deleterious effect of seismic 
prospecting upon fishing yields of shrimp and catches of N. norvegicus (24 h post exposure, 
210 dB re 1 μPa (zero-peak) @ 1 m) have been found (Andriguetto-Filho et al., 2005; La Bella 
et al., 1996). Such experiments provide site-specific insights into short-term effects of high 
amplitude sound on discrete crustacean species but do not quantify sound exposure levels 
(specifically particle motion measurements) experienced by the test organisms themselves. 
Such issues must be resolved through controlled exposure studies to determine the 
influence of discrete sounds. Although pressure waves arising from anthropogenic noise can 
spread many kilometres from a site of introduction, particle motion associated with the 
production of such sound is much more localised (Urick, 1983). As no study to date has 
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confirmed the ability of crustaceans to sense the former, caution must be exercised before 
assessing impacts based upon associated sound wave propagation.  
 
The need to resolve current uncertainty surrounding injury exposure criteria is of significant 
consequence to the fishing industry, regulatory bodies and associated stakeholders. 
Crucially, since introduction of impulsive anthropogenic noise has been shown to influence 
depth and water circulation within Nephrops norvegicus burrows, potential exists for 
broader ecosystem properties to be affected (Solan et al., 2016). Regulatory bodies require 
this information to take evidence-based decisions on offshore licencing consents and 
marine protected area designations (Edmonds N.J. et. al., 2016). 
 
 



Fishing Industry Activities in Southern African Waters and their Overlap with Seismic Exploration Areas 

Overview of distribution of main commercial fisheries in South African waters showing main fishing ports 
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Course tracks for 2D seismic surveys undertaken within South Africa’s Exclusive Economic Zone. 

Source: Petroleum Agency of South Africa 
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Course tracks for 3D seismic surveys undertaken within South Africa’s Exclusive Economic Zone. 

 
Source: Petroleum Agency of South Africa 



From the above maps one can see that cumulatively, historic 2D seismic surveys have 
covered virtually all the areas that encompass South Africa’s main fisheries resources, and 
interestingly, it is in these fisheries sector areas, that the 2D seismic surveys seem to 
concentrate. 3D surveys, however, are much smaller by comparison, in their coverage of the 
sea bed. Depending on the depth of the seabed being targetted for seismic research, the 
intensity of the airgun shot could be higher, either for a 2D or a 3D survey, so one should 
not automatically assume that a 3D survey is more powerful. What a 3D survey does is have 
a lot more lines with microphones trailing behind the vessel, to get a more detailed picture 
of the seabed. 
 
Speaking to Mark Stearnes, Venture Manager – Namibia, Galp Energia (personal 
communication June 2017), he stated that seismic exploration tends to go in cycles. Once 
you reach the 3D phase, the exploration is mature, stopping if the exploration results are 
not good, or moving into the exploratory drilling phase.  This can then be followed by 
further seismic surveys to fine tune the exploration if necessary. What he was saying was 
that ultimately the seismic surveys in a particular area scale down. 
 
In trying to assess the potential impact of a seismic survey on a fishing area in South African 
waters, the Cape Town based consulting company CapFish, came up with the following 
formula, the map below showing potential impacts based on three different scenarios. 
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Source: CapFish, 2016. 

 



 

Marine Protected Areas Map for South Africa 

 



Managing seismic surveys within marine protected areas 
 
To manage seismic survey sound impacts in marine environments generally, some countries have 
established standards to govern the deployment of acoustic tools. The standards are based on received 
sound levels rather than the sound levels at source. The US National Marine Fisheries Service, for instance, 
has set a standard that the received sound level for impulsive signals — such as those produced by airguns 
in seismic surveying — should be no more than 180 decibels (dB) for cetaceans and 190 dB for pinnipeds. 
Above these levels, there is risk of permanent hearing damage and other physical injury, depending on the 
sensitivity of the species. To comply with these standards, seismic survey programs are required to take 
steps to reduce levels of exposure for marine mammals when possible. When that is not possible, 
operators must ensure that the number of marine mammals exposed is small and impacts to overall 
populations are negligible. 
 

Marine protected areas are considered more sensitive, and management strategies should be adjusted 
accordingly.  
 
In 2008, a team of researchers from US universities informed the Canadian government that it was 
interested in conducting a seismic survey inside the Endeavour Hydrothermal Vents Marine Protected 
Area, off the Pacific coast of Canada. The 93-km2 MPA was designated in 2003 to protect fields of deep-sea 
hydrothermal vents and their associated biological communities on the sea floor. Although most marine 
seismic surveying is conducted to search for oil and gas, this survey was different. The purpose was to 
study the structure and longevity of the volcanic heat source that drives hydrothermal activity at the site, 
as well as the plate tectonics of the region. Knowledge generated by the survey could benefit 
understanding and management of the MPA, and also provide insights on volcanic and earthquake-related 
hazards to the Pacific Northwest region of the US and Canada.  
 
In consultation with the Canadian government ahead of time, the research team agreed to mitigation 
measures that were more conservative than common Canadian practice to that point. The scientists 
expanded the marine mammal safety zone around the ship to a radius of 1220 meters, at which distance 
the received sound level would be 180dB. (If a whale were spotted within the safety zone, the array would 
be powered down until the whale left the zone.) Also, a pre-startup watch period was expanded from 30 
minutes to 60 minutes as a safeguard against any deep-diving whales’ being in the safety zone. 
 
In August 2009, a week before the expedition was to start, two Canadian conservation NGOs filed a lawsuit 
against the government to disallow the study. The lawsuit argued that noise from the surveying would 
harm marine mammals at the site (blue whales and fin whales sometimes live in the area) and thus did not 
comply with Canadian law to protect endangered species. They also argued that MPAs, in particular, 
deserved to be governed under the precautionary principle: that any possibility of harm to the ecosystem 
should be avoided when possible. 
 
This was not the first MPA to encounter this argument. In 2003, the government of the Australian state of 
Victoria refused an application for seismic surveying inside the Twelve Apostles Marine National Park. The 
Victorian environment minister said at the time, “A higher environmental test applies to national parks and 
we have adopted a precautionary approach in this case.”  
 
In response to the Endeavour lawsuit, John Ford from the Canadian Department of Fisheries and Oceans 
(DFO) proposed that the radius of the safety zone around the vessel be expanded to 7 km: the goal would 
be to reduce received sound to a maximum of 160 dB outside the zone. (A threshold of 160 dB is believed 
by some marine mammal researchers to be the point above which behavioral disturbance can occur.) The 
research team consented to Ford’s recommended change, and increased its number of marine mammal 
observers in order to monitor the larger radius. Ultimately a Canadian court ruled that the environmental 
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NGOs had failed to prove that the survey would cause “irreparable harm”; therefore, the court could not 
halt the survey, and the expedition proceeded.  
 
William Wilcock, a marine geophysicist at the University of Washington in the US, served as co-investigator 
on the Endeavour survey expedition. He said the threat to marine mammals was negligible, as blue and fin 
whales would not typically be in the Endeavour region during the time of year of the survey. In an essay 
written with his Endeavour co-investigators (Doug Toomey and Emilie Hooft), Wilcock said, “During the 16 
days of seismic data collection, no whales were observed by the marine mammal observers. But had they 
been, the mitigation measures that were in place before the legal action would have been more than 
sufficient to ensure that they were not harmed.” (The essay is available at 
http://gore.ocean.washington.edu/ research/etomo_evironmentalists_091809.pdf.) 
 
Wilcock believes the legal challenge by environmentalists was part of a strategy by them to prohibit any 
seismic surveying off the Pacific coast of Canada; for fear that it might open the door to oil and gas surveys 
in the region. There is currently no hydrocarbon exploration off Canada’s Pacific coast, in contrast to the 
country’s Arctic and Atlantic waters where exploration has been permitted. Wilcock said the fact the 
government required stricter mitigation for the Endeavour survey could lead to later legal problems for the 
government. “In future court actions, how will the government explain the discrepancy between the 
mitigation measures required for the Endeavour study and the less onerous ones used elsewhere in 
regions where marine mammal encounters are much more likely?” he asked.  
 
Sabine Jessen of the Canadian Parks and Wilderness Society (CPAWS), which, along with the Living Oceans 
Society, had filed suit to stop the Endeavour survey, was disappointed the study was allowed to proceed, 
but pleased that safety was improved. “We hope our challenge resulted in improved monitoring of marine 
mammals,” said Jessen. “CPAWS’ motivation was to protect the Endeavour Vents MPA, and other Marine 
Protected Areas in Canada, from harmful disturbances that we believe to be illegal.” 
 
She said scientists need to take responsibility for ensuring they use the best available technology to 
minimize risks to the natural environment. Moreover, she said, it is government’s responsibility to apply 
the precautionary approach. “Government must ensure that potentially harmful scientific experiments are 
not permitted on the basis of a lack of full scientific certainty of the likelihood or magnitude of harmful 
impacts,” she says. She adds this is particularly the case for MPAs. “Acoustic disturbance of MPAs should 
be limited to the greatest degree possible.” She suggests MPAs should be managed to provide “acoustic 
comfort” to their resident species. 
 
Wilcock and his co-investigators say there have been no clear cases yet where seismic experiments have 
injured or killed marine mammals. “Provided that seismic experiments are performed with sensible 
mitigation measures (e.g., marine mammal observers; ramping up the sound source over time), the only 
impact on marine mammals is that some avoid the sound source,” they wrote in their Endeavour essay. 
However, if the time and place of a seismic experiment coincide with an important marine mammal 
feeding or birthing ground, they add, it would be advisable to change the season or location of the 
experiment. If such changes are not possible, they say, “then the [resource] managers must make a 
difficult determination of whether the societal benefits of the research at a particular site outweigh the 
impacts on the environment.” (Wilcock, Toomey, and Hooft emphasize the benefits of their Endeavour 
research and points out that commercial ships regularly pass through the MPA there, producing significant 
propeller noise and the threat of whale strikes.)  
 
DFO’s John Ford considers a maximum of 160 dB for received sound to be “the best standard we have” for 
guarding against negative impacts to cetaceans, notwithstanding the uncertainties involved in gauging 
marine mammal sensitivity. He adds, however, that the range at which that level is reached — and hence 
the size of the safety zone — can vary with the type of survey, depth, and other factors. Therefore a preset 
safety zone at an arbitrary distance may be overly large for some surveys, and not large enough for others.  
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Leila Hatch of the Stellwagen Bank National Marine Sanctuary says MPA managers should educate 
themselves on current governmental guidelines for safe practices. “The best tools for reducing risk of 
injury are to produce less sound within frequencies that affect marine mammal hearing and 
communication, and to operate outside time periods and areas where marine mammals are present,” says 
Hatch. “The MPA manager should engage the surveyor in dialogue on how best to reduce or eliminate 
impacts. That includes providing information to the survey team on the distribution, densities, and 
behavior of species in the MPA that could be impacted. In areas where such information is lacking, best 
practice would dictate gathering baseline data prior to conducting seismic surveys there” (Davis, J.B., 
2009).  
 

Conclusions 
 
75 ocean scientists wrote to President Obama in 2015, asking him not to open the US Atlantic East Coast to 
seismic exploration “due to the unacceptable risk of serious harm to marine life at the species and 
population levels, the full extent of which will not be understood until long after the harm occurs. 
Mitigating such impacts requires a much better understanding of cumulative effects, which have not 
properly been assessed, as well as strict, highly precautionary limits on the amounts of annual and 
concurrent survey activities, which have not been prescribed”. 
 
Recently the US National Marine Fisheries Service (NMFS) has proposed permits for large-scale seismic oil 
and gas exploration off the mid-Atlantic and south Atlantic coasts (Kershaw, F., 5 June 2017), resulting in 
condemnation by the US Natural Resources Defense Council, saying the seismic exploration should not go 
ahead. 

It seems the desire by Governments to find oil means the fishing industry, to look after its interests, must 
work with Government regulatory bodies, and seismic exploration mining companies to ensure responsible 
mitigation measures are put in place, and also to create a platform where there is cooperative research to 
minimize ecosystem impacts. Certainly at the level of the very large international oil and gas exploration 
companies, they have ethical responsibility guidelines. These companies also spend huge amounts of 
money on oil exploration, and if a small fraction of this can be encouraged to be dedicated to seismic 
mitigation research involving the above stakeholders in a cooperative manner, this would go a long way to 
reducing negative impacts.  
 
This report, while only being a desktop study, has attempted to provide a comprehensive assessment of 
seismic impacts research on sea life including mammals and commercial fisheries, as it stands in the world 
today. In addition, current international mitigation measures have been considered, as well as lessons 
learnt through guidelines from countries such as Norway, who have significant fishing and oil industries 
that have had to find ways to live together. Into this has been fed the South African scenario, considering 
offshore seismic research in South African waters, and the potential impact this has been having on the key 
fisheries sectors in South Africa. Management of marine protected areas within a seismic impacts scenario 
based on international experience, has also been included.  
 
It is hoped that the findings of this report, will act as a resource for strategic discussions going forward with 
the seismic exploration industry, Government, and fishing industry, to help mitigate against seismic 
impacts. And also to give guidance on where potential future research can occur, based on international 
research that has already happened.  
 
Seismic airgun arrays output a rather broadband low-frequency sound (i.e., not a single “tone” or “chord”, 
but rather a noise composed of an undifferentiated range of tones). Peak output is generally in the range 
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of 50Hz, with a secondary peak appearing in the 150-200Hz range, and continuing decreasing peaks up to 
almost 1kHz.  
 
Although all sound diminishes with distance, low-frequency sounds diminish more slowly, meaning their 
impact can last over longer distances than those of high-frequency sounds. Energy at low frequencies can 
travel great distances. Thus, there can be a larger potential range of impact to organisms whose hearing is 
tuned to lower frequencies, or who use low frequencies to communicate. 
 
Seismic airguns use a lot of high intensity low frequency sound, and so do whales to communicate. Squid 
also appear very sensitive to low frequency sound. Many types of marine fish and invertebrates are 
sensitive to low frequency sounds as well. The chronic stress from exposure to seismic noise can 
compromise the health of fish and marine invertebrates and associated fisheries (Semmens et al., 2017). 
 
It is also important to understand the potential difference in impact between 2D and 3D seismic surveys. 
3D surveys have a lot more trailer lines, but this is just for more detailed analysis by microphones on the 
lines, as they pick up the sound waves, which bounce back from the sea floor. Elsa Azevedo e Silva, 
Geophysicist at Galp Energia (personal communication June 2017) said that both types of survey could 
produce the same amount of sound. It all has to do with the power of the airgun sound array and the way 
it is set up. If the survey, whether it is a 2D survey or a 3D survey, needs to explore deep into the seabed, 
the airgun sound array noise will need to be louder.  
 
Generally, however, 2D surveys are designed to cover a broader area, doing more generalized mapping, so 
even if both surveys use the same airgun array, the impact is likely to be less than a 3D survey focusing in 
on a much smaller area. Also, a small seismic survey may comprise only several thousand signals spread 
over several days in a comparatively large area, whereas an intense 3D program may involve several 
hundred thousand signals spread over weeks to months in a comparatively small area. 
 
Potential impacts of noise on sea life range according to the intensity of the sound. At lower intensities, or 
at greater distance from the sound source, organisms may simply exhibit avoidance behavior (although, 
with enough noise, they may also be impacted by masking of communication signals). At higher intensities, 
there can be temporary or permanent hearing loss. At ultra-high intensity, there can be organ 
hemorrhaging and death (Davis, J.B., 2009). 
 
Worcester, T., 2006, in his literature review on seismic survey impacts of fish concluded that based on the 
limited number of studies that have been conducted to date, there is considered to be a high probability 
that some fish within the general vicinity (i.e. hundreds of meters) of a seismic survey operation will exhibit 
startle responses, changes in swimming speed or direction, and changes in vertical distribution, with 
recovery likely within minutes to hours after exposure. There is a lower but still reasonable probability that 
seismic surveys will influence the horizontal distribution and catchability of some fish under certain 
conditions, such as during migration of pelagic fish. If horizontal dispersion does occur, impacts are more 
likely to be observed over greater distances (kilometers) and for a longer duration (days).  
 
Seismic surveys are considered unlikely to result in immediate mortality of fish; however, sublethal 
physical damage and physiological impairments may occur within close proximity to an airgun source and 
could potentially result in delayed mortality or chronic effects. However, additional research is required to 
assess the intensity of sound levels or typical ranges from a known seismic source required to produce 
these types of effects. The potential for seismic surveys to disrupt communication and other sound-
dependent activities of fish is essentially unknown, as is the long-term ecological significance of the 
impacts described above.  
 
Studies in this report demonstrate that fish show behavioral responses to seismic air gun sounds by 
increasing their swimming activity and changing depth distribution and avoidance reactions. The hearing 
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abilities of fish differ, and sensitivity and responses to seismic sounds are thus likely to vary among 
different species. 
 
Fish with swim bladders and ears connected to the swim bladder seem to be the most sensitive. Squid also 
appear to be particularly sensitive to internal damage from loud sound, as squid are negatively affected at 
lower sound levels than other sea species, making them significantly more vulnerable. Darlene Ketten, one 
of the world’s foremost authorities on cetacean hearing systems, stated that “a surprisingly large number 
of stranded animals, nearly 50 percent, show evidence of some form of auditory compromise or pathology 
that correlates with low to profound hearing loss in other species.”  
 
Observations indicate that fish that inhabit different habitat types behave differently to seismic sound. 
Avoidance responses have been observed in pelagic fish and fish staying close to relative smooth and 
featureless seabeds (e.g., Chapman and Hawkins 1969; Engås et al. 1996; Slotte et al. 2004), whereas fish 
associated with underwater structures (e.g., reefs, rock pinnacles) tend to be more stationary and are less 
likely to disperse during seismic airgun emissions (Skalski et al. 1992; Wardle et al. 2001). Resident fish 
populations inhabiting a reef may thus show strong site fidelity, whereas fish in the open sea or on 
featureless banks may respond more freely to sound stimuli. An optimal strategy for fish associated with 
underwater structures should be to stay in shelter in response to loud sounds that may comprise a threat.  
 
A Norwegian study off Vesterålen on the effects of seismic surveys on gillnet and longline catches showed 
that the species studied all reacted to the airgun sound but that this effect was not reflected in movements 
out of the area and reduced catches of all species. A key reason for this was that the sound intensity of the 
airguns was not that powerful. What it did tend to show though, was that in the case of fish caught using 
gillnets, catches went up with seismic airgun sounds, which is to be expected as the fish panicked and 
swam into the nets. With the longline fishery, catches dropped, again to be expected as the fish were 
being disturbed by sound and were no longer interested in taking the bait from longline hooks. 
 
Some other studies have revealed pronounced reductions in catch rates of several species for trawl, 
longline, and hook-and- line (Engås et al. 1996; Løkkeborg and Soldal 1993; Skalski et al. 1992). In these 
studies, the seismic shooting was concentrated within much smaller areas, which meant that the fish were 
exposed to stronger and more continuous sounds (number of airgun shots per unit area and period of 
time) than was the case in the gillnet study where the seismic vessel operated within a large survey area 
(i.e. along 46 nmi-long transects). Seismic airgun emissions distributed over a large area may thus produce 
lower sound exposure levels and thus have less impact on commercial fisheries (Løkkeborg, S. et. al. 2012). 
 
In research from the North Cape Bank in the Barents Sea in 1992, reported in Engås et al (1996, 2002), the 
seismic acquisition activity was concentrated within a small area, 81 km2. The vessel was equipped with 
two streamers and one 5,012 cu.in. seismic source. There were 36 sail lines, around 18.5 km long, with a 
separation of 125m, compared to 450m for the Vesterålen survey, entailing a stronger and more 
continuous sound impact on the fish than in the Vesterålen study. In terms of the number of shots per 
square kilometer and hour, the sound influence was approximately 19 times higher in the 1992 Engås 
survey than in the Vesterålen survey (Løkkeborg et al, 2010). The results of this comparison appear simple 
and important, the stronger the survey sound impact, the greater the impact on the fish within the survey 
area.  
 
It also brings up the question of the potential negative effect of cumulative impacts. Tuna have not been 
well researched but it is known that yellowfin tuna hear best with low frequencies and have a swim 
bladder, which acts as a mechanical amplifier of sound, although tuna is considered a generalist in terms of 
sound sensitivity. Albacore tuna is a related species, although without a swim bladder, and the pole and 
line albacore tuna industry in Namibia has gone from catches of around 4,000 tonnes in 2011, down to 
currently around 300 tonnes so far for the 2016-2017 season. This drop started around 2011 with an 
increase in oil and gas exploration seismic surveys. Due to a lot of seismic oil exploration just south of the 
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Namibian border and in southern Namibian waters, there have been seismic surveys close to Namibia’s 
tuna grounds, during the tuna season, every year since. Namibia’s albacore tuna quotas are set by the 
International Commission for the Conservation of Atlantic Tunas, ICCAT saying that Namibia’s albacore 
stocks are healthy. But if so, where are the fish? Climate change could well be having an impact, but the 
Namibian tuna fishing industry is very concerned about the potential cumulative impacts of seismic survey 
exploration.  
 
Building up in 2011 (13 months of seismic surveys), during 2012 (11 months of surveys), 2013 (29 months 
of surveys), and tailing off in 2014 (6 months of surveys), these were an abnormally large number of 
seismic surveys that occurred off the South African coast, impacting mainly the West and South Coasts, 
which is where the bulk of South Africa’s commercial fisheries sectors operate from. Single surveys 
generally seem to have limited impact, disturbing fish, and perhaps disrupting fishing for a few days, but 
cumulative impacts from so many surveys need assessment, and better management going forward so 
that they are spread to reduce negative impacts on sea life. 
 
As detailed in the South African fisheries section of this report: 
 

 Hake landings, for both deepwater and inshore trawl, in total range between 100,000 – 145,000 
tonnes annually. They were at their lowest in 2009, and highest in 2013. Based on Petroleum 
Agency of South Africa (PASA) records showing seismic surveys from 2004 to 20016 in this report, 
there was only one survey in 2009, lasting four months and was right up near the Namibian 
border, when hake catches were lowest. In 2013, when hake catches were at their highest, this 
overlapped with ten seismic surveys spread across hake fishing grounds. Within calendar year 
2013, there were 24 months of surveys being undertaken.  
 
From these hake catch versus seismic survey results, the evidence suggests that other elements 
were at play here, such as the health of the fish stock, and not seismic surveys, which should help 
give peace of mind to the hake industry. 

 

 The small pelagic fishery’s two main targeted species are sardine and anchovy with associated by-
catch of round herring (red-eye) and juvenile horse mackerel. 

 
During 2013 there was a significant drop in catches, resulting in around 200,000 tonnes catch.  
Given that there was an intensive period of seismic surveys around that time, one asks the question 
whether these surveys could have reduced catches? 

 
Johan De Goede of DAFF’s pelagic section made an observation that in 2013 DAFF set a healthy TAC 
for anchovies, but in the end only around 80,000 tonnes was caught. He said that he had heard 
from skippers that on their fish finding equipment, they could see the fish, but the fish was deeper 
than their purse seine nets could reach. In the earlier section covering fish behavior response to 
seismic airgun shots, a key observed behavior is that the fish go deeper. In total only around 
200,000 tonnes of small pelagic fish were caught in 2013. Pierre Le Roux of Etosha Fishing 
Corporation in Namibia stated that during the pilchard season is 2013, there was a seismic survey 
close to their fishing grounds. He said there were obvious signs that the fish were being disrupted 
as they would be fishing and the fish would suddenly disappear and it would take three or so days 
before they found the fish again. Also earlier in this report, herring is described as one of the best 
hearing fishes, the fish’s ear structure being connected to the swim bladder, which amplifies sound. 

 
Based on the above, there appears evidence that these small pelagic fish are more sensitive to 
seismic sound.  
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Year Number of months of 
seismic surveys 

Total catch of small pelagic 
fish 

2012 6 months Nearly 500,000 tonnes 

2013 22 months Around 200,000 tonnes 

2014 11 months Nearly 400,000 tonnes 

 
Figure: Comparison of months of seismic surveys versus total small pelagic fish catches for 2012 – 
2014. 

 
For these three years, the greater the number of months of seismic surveys on the fishing grounds, 
the smaller the fish catches. Certainly in 2013 the level of catch was very low, while the number of 
seismic surveys was abnormally high.  

 
Interestingly, also, for the three years 2012-2014, the DAFF biomass estimate for 2013 was highest, 
followed by 2014, and the lowest was for 2012. Yet catches were the exact opposite, suggesting 
that seismic surveys may well have had an impact, long seismic surveys of around six months, and a 
lot of seismic surveys together having a cumulative impact which during 2013 in particular, could 
have cost the fishing industry a lot of lost revenue. 
 

 The West Coast tuna pole and line fishery mainly catches Albacore tuna (Thunnus alalunga), which 

is a migratory species managed under the International Convention for the Conservation of Atlantic 

Tunas (ICCAT). The expected catch for the whole fishery is approximately 4000 t in any one year. 

Variability in catches is driven largely by variability in the environment and other ecosystem 

components at a range of spatial and temporal scales (CapMarine, December 2015). 

The highest number of recent seismic surveys in the pole and line tuna fishery occurred between 
2012 and 2013, amounting to six. In total they covered a period of 26 months. When one looks at 
the catches during 2012 and 2013, they were around 4,000 tonnes and above. At that time, 
however, there were reports by South African pole and line fishermen that catches were bad, but in 
terms of the whole fishery, one can see that the overall catch was good, which is in contrast to 
Namibian pole and line fishery, where the catches have dropped significantly. 
 
The two surveys on the West Coast overlapping 2012/13, one running from December to June and 
the other from December to May may have had the most impact on the tuna as one lasted for 
seven months and the other for six months. The South African fishermen who experienced a 
downturn in catches may well have done so at the time of these very long surveys, in the viscinity 
of the areas being surveyed. Also as explained in the report, Australian fishermen fishing for 
Southern Bluefin Tuna found they were not available in the area where they were fishing during a 
very long seismic survey. They negotiated with the seismic exploration company, so that the 
following year, when another seismic survey occurred, it avoided the tuna migration window, and 
fishing returned to normal.  
 
As to reduced Namibian albacore tuna catches, there have been seismic surveys in the West Coast / 
Orange Basin, in South African waters, just south of Namibia’s Tripp Seamount tuna fishing 
grounds, and there have been a lot of surveys in Namibia’s southern waters. So the Namibian 
fishery potentially has been suffering as a result of the cumulative impact of regular surveying near 
tuna fishing grounds, during the tuna season. Since 2011, when albacore tuna catches were 4,000 
tonnes, and started to decline dramatically, there have been times when catch per unit effort 
picked up significantly, but this has only lasted temporarily, the overall catch decline to date 
dropping to well under 1,000 tonnes. 
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Reports are that South African pole and line catches during the 2016/17 season dropped off 
significantly. Based on Petroleum Agency of South Africa records, however, no seismic surveys 
occurred on South Africa’s West Coast during 2016, suggesting environmental effects caused the 
drop.  Off Namibia, the drop in catches was much more severe, however, potentially suggesting a 
combination of environmental effects and cumulative seismic survey impacts, as the seismic 
surveys currently continue to occur on an annual basis. 
 

 Horse mackerel catches have experienced an alarming decrease in recent years as fish became 

unavailable in the traditional grounds. Reasons for the unavailability are not clear but it is 

suggested it could be due to environmental reasons or could be due to an increase in natural 

mortality. Both the catches in the midwater trawl fishery and by the dual licensed vessels have 

been affected.  

 

Horse mackerel, while being a pelagic species, has its gas bladder (which amplifies sound), distant 

from the ear, making it not so sensitive to sound.  

 

If one looks at horse mackerel annual catches from 2000 to 2015, catches in earlier years seem 

good at the same time seismic surveys in the area of the midwater trawl fishery were occurring. In 

2013 is there a drop in catches at the same time that there were four  seismic surveys on the South 

Coast and SE Coasts covering five months. Three of these surveys extended into 2014, totalling 9 

months as catches further declined in 2014. Again catches declined slightly in 2015, but there was 

only one survey, lasting three months from December 2015 to February 2016. 

 

On the basis of this data, it is hard to point to seismic surveys as a key negative factor, particularly 

given there were years when seismic surveys happened, but catch rates increased. For example 

2011 when catches were at their highest, but there were two seismic surveys on the South Coast, 

amounting to five months of surveys. 

 

 Rock lobster comprising West Coast rock lobster (Jasus lalandii), and South Coast rock lobster 
(Palinurus gilchristi), are both commercial South African fisheries. In the intense seismic period of 
2013, when there were 10 seismic surveys, 21 months of seismic surveys happened in the lobster 
fisheries. From data available, on the West Coast where the bulk of the surveys were, both in 
number and time spent on surveys, there is not a significant drop in catch for the West Coast rock 
lobster fishery compared to previous years. Also in the Australian study by Parry and Gason (2006), 
they did not find any evidence that lobster catch rates were affected by seismic surveys. 
 
Earlier in this report in the section on seismic impacts on invertebrates, there is research evidence 
of suppression of the immune system of rock lobster, and the lobster were also shown to struggle 
to right themselves. Damage to the sensory hairs of the statocyst, the primary mechanosensory and 
balance organ of the lobster, was observed following exposure in three of four experiments. This 

damage was statistically correlated to the delays in righting time (Day, R.D., et al., 2016a).   

 
The results from lobster experiments indicate that different life history stages have different levels 
of sensitivity to airgun signals. As such, it is necessary to evaluate across the life history of an 
organism to draw broad conclusions over the effect of exposure. Additional research in this area is 
critical for forming an ecosystem level understanding of the effects of airgun signals in the marine 
environment.  

 

 The abundance of South Africa’s Loligo reynaudi squid fluctuates widely, mainly due to biological 



 

 

117 

factors such as spawning distribution and survival rates of hatchlings and juveniles, and 

environmental factors such as temperature, currents, turbidity and macro-scale events such as El 

Niños. Fishing pressure appears to play an increasing role in these fluctuations in abundance (DAFF, 

June 2014).  

Potentially from the annual South Africa squid catch data, there is a correlation between seismic 
surveys and drop in squid jig catches. Certainly, in the earlier research section in this report on 
squid, there are serious concerns about the impact of low frequency seismic airgun sounds on 
squid, where squid can die or suffer severe organ damage. 
 
Andre et al., 2011, presented the first morphological and ultra structural evidence of massive 

acoustic trauma, not compatible with life, in four cephalopod species subjected to low-frequency 

controlled-exposure experiments. The protocol included immediate exposure to 50–400 Hz 

sinusoidal wave sweeps, while the level received was measured by a calibrated hydrophone 

(received sound pressure level: 157 ± 5 decibels (dB)).  

Why the relatively low levels of low-frequency sound have caused such lesions in cephalopods 
requires further investigation. In particular, it will be critical to determine the onset mechanism of 
the acoustic trauma in order to determine whether these animals are more sensitive to particle 
motion or acoustic pressure, or to a combination of both. 

While there is uncertainty regarding the biological importance of particle motion sensitivity versus 
acoustic pressure, recent electrophysiological studies confirmed the cephalopods’ sensitivity to 
frequencies under 400 Hz suggesting sensitivity to low-frequency particle motion and not pressure 
(Octopus vulgaris, Kaifuet al. 2008; Sepio- teuthislessoniana, Octopus vulgaris, Hu et al. 2009; Loligo 
pealei, Mooney et al. 2010).  

Larvae and juveniles may also be more susceptible to the harm of underwater noise 

than adults, possibly jeopardizing the sustainability of populations. Seismic noise has been shown 

to have more severe impacts on juvenile squid (Sole et al., 2017). 

 

These results indicate that the deleterious effects of marine noise pollution go well beyond those 

observed in whales and dolphins, and indicate a need for further environmental regulation of 

human activities that introduce high-intensity, low-frequency sounds in the world’s oceans. If the 

relatively low levels and short exposure applied in this study can induce severe acoustic trauma in 

cephalopods, the effects of similar noise sources on these species in natural conditions over longer 

time periods may be considerable (Andre et al, 2011). 

 

 The KwaZulu-Natal prawn trawl fishery consists of two components: a shallow water (5 to 40 m) 

fishery on the Thukela Bank and at St Lucia in an area of roughly 500 km2, and a deep-water fishery 

(100 to 600 m) between Cape Vidal in the north and Amanzimtoti in the south, covering an area of 

roughly 1700 km2 along the edge of the continental shelf. 

Species captured in the shallow-water trawl fishery include white prawns Fenneropenaeus indicus 
(80% of the prawn catch), brown prawns Metapenaeus monoceros, and tiger prawns Penaeus 
monodon. The abundance of shallow-water prawns on the fishing grounds is highly variable 
between years depending on recruitment. Shallow-water prawns have a 1-year lifespan and the 
juvenile stages are spent in estuaries; recruitment therefore depends on rainfall and river run-off 
(DAFF, June 2014).  
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Species captured in the deep-water sector include pink and red prawns Haliporoides triarthrus and 
Aristaeomorpha foliacea, langoustines Metanephrops mozambicus and Nephropsis stewarti, rock 
lobster Palinurus delagoae and red crab Chaceon macphersoni. These deep-water species are 
longer- lived than those found in the shallow-water component and do not depend on an estuarine 
juvenile stage (DAFF, June 2014).  

Between 2004 and 2016, there were a total of seven seismic surveys only in the area of the prawn 
fishing grounds, of which three were regional or research surveys, and the rest were 2D surveys 
ranging between one and three months. From these limited surveys, one would expect limited, if 
any significant impact, on the prawn fishery. Only in 2016 are we seeing the maturing of the oil 
exploration with a 3D survey lasting 6 months. There is only data in this report up to 2012, but it 
would be very interesting to see if this most recent 2016 survey has had any impact on the prawn 
fishery. 
 
Based on the earlier seismic impacts research section on Crustaceans including Prawns, 
Langoustines and Crabs, the view is that understanding in relation to the sensitivity of crustacean 
species throughout their life history, including long term chronic exposure is warranted. Few 
studies have defined crustacean sensitivity to underwater noise, specifically particle motion 
parameters of discrete sounds. Current research suggests that crustacean sensitivity is restricted to 
particle motion, primarily localised to the site of sound introduction.  
 
In the absence of gas filled organs, sound detection among crustaceans is believed to occur through 
hair and statocyst detection of the particle motion component of the sound field. Insights obtained 

from Nephrops norvegicus and related crustaceans such as the prawn Palaemon  serratus; reveal 
both adult and juvenile crustacean life stages sensitive to low frequency sound such as seismic 
surveys (Hughes et al., 2014; Lovell et al., 2005; Jeffs et al., 2003; Radford et al., 2007; Stanley et al., 
2010; Solan et al., 2016).  
 
It is not known if the eggs, larvae or adults of Cancer pagurus (Brown Crab), and Nephrops 
norvegicus (Langoustine) can suffer direct physical harm as a result of exposure to high amplitude 
anthropogenic noise. Findings among related species show that egg development among specific 
crustaceans may be retarded, metabolic rates increased and internal organs damaged following 
exposure to high amplitude anthropogenic sounds (Christian et al., 2003; Pearson et al., 1994; Wale 
et al., 2013b). 
 
The physical capacity for slow moving benthic adult or mid-water larval crustaceans to avoid 
exposure to sound is limited although no significant deleterious effect of seismic prospecting upon 
fishing yields of shrimp and catches of N. norvegicus (24 h post exposure, 210 dB re 1 μPa (zero-
peak) @ 1 m) have been found (Andriguetto-Filho et al., 2005; La Bella et al., 1996). Such 
experiments provide site-specific insights into short-term effects of high amplitude sound on 
discrete crustacean species but do not quantify sound exposure levels (specifically particle motion 
measurements) experienced by the test organisms themselves. Such issues must be resolved 
through controlled exposure studies to determine the influence of discrete sounds.  
 
Although pressure waves arising from anthropogenic noise can spread many kilometres from a site 
of introduction, particle motion associated with the production of such sound is much more 
localised (Urick, 1983). As no study to date has confirmed the ability of crustaceans to sense the 
former, caution must be exercised before assessing impacts based upon associated sound wave 
propagation.  
 
The need to resolve current uncertainty surrounding injury exposure criteria is of significant 
consequence to the fishing industry, regulatory bodies and associated stakeholders. Crucially, since 
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introduction of impulsive anthropogenic noise has been shown to influence depth and water 
circulation within Nephrops norvegicus burrows, potential exists for broader ecosystem properties 
to be affected (Solan et al., 2016). Regulatory bodies require this information to take evidence-
based decisions on offshore licencing consents and marine protected area designations (Edmonds 
N.J. et. al., 2016). 
 

 

Only a limited number of studies, internationally, have been conducted on the impacts of airgun impulses 
on adult and juvenile fish. Research on physiological and other sub-lethal effects of fish to low frequency, 
impulsive noise is particularly lacking. No research has been conducted on potential masking effects of 
seismic airgun operations on fish communication or navigation. No information is available on the 
influence of seismic noise on the migratory behaviour of fish. No long-term studies have been conducted 
on the implications of exposure of adult or juvenile fish to recurrent (e.g., yearly) seismic airgun operations 
or on impacts of increased anthropogenic noise in the marine or freshwater environments in general. As a 
result, there is no basis upon which to assess if delayed mortality, morbidity or other chronic effects (e.g., 
serious pathological, reproductive, or behavioural effects) may have ecological significance under certain 
conditions, including exposures of long duration, repeated exposures over time or exposure during 
sensitive life-history events, for example spawning or migration (Worcester, T., 2006). 
 
Reactions to sound by marine fauna depend on a multitude of factors including species, state of maturity, 
experience, current activity, reproductive state, time of day (Wartzok et al. 2004; Southall et al. 2007). If a 
marine animal does react briefly to an underwater sound by changing its behaviour or moving a small 
distance, the impacts of the change are unlikely to be significant to the individual, and even less so to the 
population as a whole (NRC 2005). However, if a sound source displaces a species from an important 
feeding or breeding area for a prolonged period, impacts at the population level could be significant.  
 
Data on behavioural reactions acquired over the short-term could easily be misinterpreted as being less 
significant than the cumulative effects over the long-term, i.e. what is initially interpreted as an impact not 
having a detrimental effect and thus being of low significance, may turn out to result in a long-term decline 
in the population. A significant adverse residual environmental effect is considered one that affects marine 
biota by causing a decline in abundance or change in distribution of a population(s) over more than one 
generation within an area. Natural recruitment may not re-establish the population(s) to its original level 
within several generations or avoidance of the area becomes permanent (Pulfich, A. et al., January 2016).  
 
Marine Vibroseis is being promoted by USA based Dr. Lindy Weilgart, as a quieter, less impactful 
alternative to loud noise from airguns, but it would need regulatory government agencies support to make 
it commercially available. Vibroseis has been used successfully in land-based seismic exploration for many 
years. Instead of a sharp onset, loud intense “shot”, Vibroseis uses the same energy but spread over a 
longer duration, thus eliminating the sharp rise time (sounds quickly increasing in loudness) and high peak 
pressure (volume or amplitude) of airguns - two characteristics of sound thought to be the most injurious 
to living tissues (Southall et al. 2007).   
 
All the above research, or potential decisions on whether to change to marine vibroseis instead of using 
seismic airguns, is expensive, and takes time. It is necessary though, and needs to be dealt with step-by-
step. In the meantime, clever collaborative planning can also help produce the required results. 
 
The hotspot for the South African fishing industry is the West and South Coasts. It is important to ensure 
that an intensive period of seismic surveys is limited in this area, particularly if there is a risk of it 
interrupting life functions such as spawning or migration patterns. Rather, implementation of seismic 
surveys should be managed in such a way that, they are spread over time to reduce sound intensity, and 
that they are cooperatively designed around fishing areas and seasons to limit disruption. 
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As has happened in Norway (Landrø M., 2011), in a 3D seismic survey outside Vesterålen, the period was 
chosen based on advice from fishing industry organisations, working with the Directorate of Fisheries, and 
the Institute for Marine Research (IMR), with the aim of conducting the survey during a period when the 
seismic acquisition activity would cause as little inconvenience as possible to the fishing industry, and 
avoiding spawning periods. This practice can also be encouraged in South Africa. 
 
As explained in Appendix 4 on Norwegian guidelines on implementing seismic surveys, with regards 
mackerel fishing and seismic surveys on Tampen during the summer of 2012, the Norwegian Fishermen's 
Association and Statoil agreed to carry out a pilot project. The pilot project involved close monitoring of 
the inflow and distribution of mackerel, as well as regular communication with the Norwegian 
Fishermen's Association. Based on close follow-up and communication, information was to be obtained 
on the need for a possible hiatus in acquisition on Kvitebjørn, and the proper timing and length of such a 
pause.  
 
A working group was established consisting of representatives from the Norwegian Fishermen's 
Association, the Directorate of Fisheries and Statoil, as well as an independent fisheries adviser at Statoil's 
office. The working group met 1-2 times a week and discussed the fisheries' development.  
 
Based on the discussions and recommendations of the working group, Statoil paused seismic acquisition 
on Kvitebjørn from 5 August to let mackerel enter the area undisturbed. Little fishing was done in the 
Oseberg/Kvitebjorn area over the next 12 days. Towards the end of the period the fishery was established 
closer to land. The Fishermen's Association agreed to the resumption of acquisition on 17 August in 
confidence that Statoil would pause seismic acquisition at the request of the Fishermen's Association 
should the situation warrant it. Seismic acquisition on Kvitebjørn was later paused from 3 to 5 October due 
to dense accumulation of purse seiners in the area.  
 
The Norwegian Fishermen's Association, Statoil and the Directorate of Fisheries later evaluated the 
project. The season was completed without any major conflicts between the troll fishery for mackerel and 
seismic acquisition. This is a common opinion shared by all parties involved, and the situation has 
improved compared to previous years. The pilot project has made a decisive contribution to achieving this.  
 
In the same Norwegian guidelines, under Section 10, compensation to fishermen is also discussed, and 
has been implemented, when required. 
 
The suggested way forward includes: 

 A lot of data and uncertainty – approach strategically and logically. Need to overcome the problem 
of not seeing the wood for the trees. To resolve issues, address the simple issues first. 

 Mining sector has the financial resources, so need to try and work co-operatively with them.  
 Meet with DAFF to strategise, and then meet with PASA and seismic operators – form a Seismic 

Taskforce  
 Work towards implementing worldwide best practice mitigation procedures. 
 Ultimately get controls into law – seismic companies obey whale-mitigating requirements. 
 Address concerns in priority fisheries. 
 The best tools for reducing risk of injury are to produce less sound within frequencies that affect 

the species at risk, and where possible operate outside time periods when these species are 
present.  

 The impacted fisheries sector should engage the seismic surveyor in dialogue on how best to 
reduce or eliminate impacts. That includes providing information on the distribution, densities, 
and behavior of species in the survey area that could be impacted.  

 In areas where information is lacking, best practice would dictate gathering baseline data prior to 
conducting seismic surveys there.   
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 Seismic surveys should be co-operatively designed around fishing areas and seasons to limit 
disruption. 

 Limit intensive seismic periods on South African south and west coasts, particularly if they are 
interrupting spawning or migration, or fishing. Seismic surveys should be managed so they are 
spread over time to reduce sound intensity. 

 Seismic industry research covered in: 
     www.soundandmarinelife.org 
     Perfecting PAM system – mostly mammals. 

 Deep Ocean Stewardship Initiative – 14 counties promoting collaborative research efforts 
 http://dosi-project.org/working-groups/oil-gas 

 Investigate practicality and effectiveness of utilising quieter airgun alternatives such as vibroseis.  
 More detailed research is required longer term so better management measures can be 

developed. 
 Work within international emphasis of sustainable development: 

 United Nations Sustainable Development Goals, including SDG 14 on “Life Below Water”. 
 African Union Agenda 2063 strategic framework for the socio-economic transformation of 

the continent over the next 50 years, based on continental initiatives for growth and 
sustainable development. 

 
  

http://www.soundandmarinelife.org/
http://dosi-project.org/working-groups/oil-gas
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Appendix 1: Letter to the President of the USA on Seismic Airgun concerns by 
75 International Marine Scientists in 2015 
 
75 ocean scientists in a letter to President Obama below, state that with respect to the Atlantic Coast, 
seismic activity will have significant, long-lasting and widespread impacts on the reproduction and survival 
of commercial fish populations. 

Since then, however, the National Marine Fisheries Service (NMFS) has proposed permits for large-scale 
seismic oil and gas exploration off the mid-Atlantic and south Atlantic coasts (Kershaw, F., 5 June 2017). 

 

March 5, 2015 Dear Mr. President:  

We, the undersigned, are marine scientists united in our concern over the introduction of seismic oil and 
gas exploration along the U.S. mid-Atlantic and south Atlantic coasts. This activity represents a significant 
threat to marine life throughout the region.  

To identify subsea deposits, operators use arrays of high-volume airguns, which fire approximately every 
10-12 seconds, often for weeks or months at a time, with sound almost as powerful as that produced by 
underwater chemical explosives. Already nine survey applications covering the entirety of the region 
several times over have been submitted within the past six months, including multiple duplicative efforts in 
the same areas. In all, the activities contemplated by the Interior Department would result in more than 20 
million seismic shots.  

Airgun surveys have an enormous environmental footprint. For blue and other endangered great whales, 
for example, such surveys have been shown to disrupt activities essential to foraging and reproduction 
over vast ocean areas. Additionally, surveys could increase the risk of calves being separated from their 
mothers, the effects of which can be lethal, and, over time, cause chronic behavioral and physiological 
stress, suppressing reproduction and increasing mortality and morbidity. The Interior Department itself has 
estimated that seismic exploration would disrupt vital marine mammal behavior more than 13 million 
times over the initial six-to-seven years, and there are good reasons to consider this number a significant 
underestimate.  

The impacts of airguns extend beyond marine mammals to all marine life. Many other marine animals 
respond to sound, and their ability to hear other animals and acoustic cues in their environment are critical 
to survival. Seismic surveys have been shown to displace commercial species of fish, with the effect in 
some fisheries of dramatically depressing catch rates. Airguns can also cause mortality in fish eggs and 
larvae, induce hearing loss and physiological stress, interfere with adult breeding calls, and degrade anti-
predator response: raising concerns about potentially massive impacts on fish populations. In some species 
of invertebrates, such as scallops, airgun shots and other low-frequency noises have been shown to 
interfere with larval or embryonic development. And threatened and endangered sea turtles, although 
almost completely unstudied for their vulnerability to noise impacts, have their most sensitive hearing in 
the same low frequencies in which most airgun energy is concentrated.  

The Interior Department’s decision to authorize seismic surveys along the Atlantic coast is based on the 
premise that these activities would have only a negligible impact on marine species and populations. Our 
expert assessment is that the Department’s premise is not supported by the best available science. On the 
contrary, the magnitude of the proposed seismic activity is likely to have significant, long-lasting, and 
widespread impacts on the reproduction and survival of fish and marine mammal populations in the 
region, including the critically endangered North Atlantic right whale, of which only 500 remain.  

Opening the U.S. east coast to seismic airgun exploration poses an unacceptable risk of serious harm to 
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marine life at the species and population levels, the full extent of which will not be understood until long 
after the harm occurs. Mitigating such impacts requires a much better understanding of cumulative 
effects, which have not properly been assessed, as well as strict, highly precautionary limits on the 
amounts of annual and concurrent survey activities, which have not been prescribed. To proceed 
otherwise is simply not sustainable. Accordingly, we respectfully urge you, Mr. President, to reject the 
Interior Department’s analysis and its decision to introduce seismic oil and gas surveys in the Atlantic.  

Sincerely,  

75 Marine Scientists  

Christopher Clark, Ph.D. Senior Scientist Bioacoustics Research Program Cornell University  

Scott Kraus, Ph.D. Vice President of Research John H. Prescott Marine Laboratory New England Aquarium  

Doug Nowacek, Ph.D. Repass-Rodgers Chair of Marine Conservation Technology Nicholas School of the 
Environment & Pratt School of Engineering Duke University  

Andrew J. Read, Ph.D. Stephen Toth Professor of Marine Biology Division of Marine Science and 

Conservation Nicholas School of the Environment Duke University  

Aaron Rice, Ph.D. Science Director Bioacoustics Research Program Cornell University  

Howard C. Rosenbaum, Ph.D. Director, Ocean Giants Program Global Conservation Programs Wildlife 
Conservation Society  

Natacha Aguilar, Ph.D. Director of Cetacean and Bioacoustics Research University of La Laguna Canary 
Islands, Spain  

Simon Allen Research Fellow Murdoch University Cetacean Research Unit  

Elizabeth Alter, Ph.D. S. Professor T. Department of Biology York College City University of New York  

Ricardo Antunes, Ph.D. Ocean Giants Program Wildlife Conservation Society  

Marta Azzolin, Ph.D. Lecturer, Life Sciences and Systems Biology Department University of Torino  

David Bain, Ph.D. Marine Biologist Washington  

Robin Baird, Ph.D. Research Biologist Cascadia Research Collective  

Kenneth C. Balcomb III Executive Director Principal Investigator Center for Whale Research  

Giovanni Bearzi, Ph.D. Science Director Dolphin Biology and Conservation Faculty Member and Research 
Associate Texas A&M University  

Kerstin Bilgmann, Ph.D. Research Scientist Cetacean Ecology Behaviour and Evolution Lab  

Flinders University, South Australia  

Barbara A. Block, Ph.D. Prothro Professor of Marine Sciences Department of Biology Stanford University  

John Calambokidis Senior Research Biologist Co-Founder Cascadia Research Collective  

Merry Camhi, Ph.D. Director, New York Seascape Wildlife Conservation Society  
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Diane Claridge, Ph.D Executive Director Bahamas Marine Mammal Research Organisation 

Annie B. Douglas Research Biologist Cascadia Research Collective  

Sylvia Earle, Ph.D. Founder and Chair Mission Blue  

Erin A. Falcone Research Biologist Cascadia Research Collective  

Michael L. Fine, Ph.D. Professor of Biology Department of Biology Virginia Commonwealth University  

Sylvia Frey, Ph.D. Director, Science & Education OceanCare 

Edmund Gerstein, Ph.D. Director Marine Mammal Research Charles E. Schmidt College of Science Florida 
Atlantic University  

Caroline Good, Ph.D. Adjunct Research Professor Nicholas School of the Environment Duke University  

Frances Gulland, Vet M.B., Ph.D. Senior Scientist The Marine Mammal Center  

Denise Herzing, Ph.D. Research Director Wild Dolphin Project Department of Biological Sciences Florida 
Atlantic University  

HolgerKlinck, Ph.D. Technology Director Bioacoustics Research Program Cornell University  

Sven Koschinski Dipl. Biol. Meereszoologie, Germany  

Russell Leaper Honorary Research Fellow University of Aberdeen  

Susan Lieberman, Ph.D. Vice President International Policy Wildlife Conservation Society  

Klaus Lucke, Ph.D. Research Associate Centre for Marine Science and Technology Curtin University, 
Western Australia  

Joseph J. Luczkovich, Ph.D. Associate Professor Department of Biology Institute for Coastal Science and 
Policy East Carolina University  

William McClellan NC State Stranding Coordinator- Large Whale Necropsy Team Leader Department of 
Biology & Marine Biology University of North Carolina, Wilmington  

David McGuire, M.E.H. Director Shark Stewards  

Sean McQuilken Biologist and Endangered Species Observer  

David K. Mellinger, Ph.D. Associate Professor Senior Research Cooperative Institute for Marine Resources 
Studies Oregon State University  

Olaf Meynecke, Ph.D. Chief Scientist Humpbacks & High-Rises  

U. Aran Mooney, Ph.D. V. Associate Scientist Woods Hole Oceanographic Institution  

Michael Moore, Ph.D. Director, Marine Mammal Center Woods Hole Oceanographic Institution  

Cynthia F. Moss, Ph.D. Professor Department of Psychological and Brain Sciences Johns Hopkins 
University  
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Wallace J. Nichols, Ph.D. Marine Biologist  

Sharon Nieukirk Senior Faculty Research Assistant Marine Bioacoustics Oregon State University  

Giuseppe Notarbartolo di Sciara, Ph.D. President Tethys Research Institute  

D. Ann Pabst, Ph.D. Professor of Biology and Marine Biology University of North Carolina, Wilmington  

Susan E. Parks, Ph.D. Assistant Professor Department of Biology Syracuse University  

Chris Parsons, Ph.D. FRGS FSB Professor Department of Environmental Science & Policy George Mason 
University  

Roger Payne, Ph.D. Founder and President Ocean Alliance  

Marta Picciulin, Ph.D. Marine Biologist  

Wendy Dow Piniak, Ph.D. Assistant Professor of Environmental Studies Gettysburg College  

Randy R. Reeves, Ph.D. Chairman IUCN/ SSC Cetacean Specialist Group International Union for the 
Conservation of Nature  

Luke Rendell, Ph.D. Lecturer Sea Mammal Research Unit University of St. Andrews, Scotland  

Denise Risch, Ph.D. Postdoctoral Research Associate Scottish Association for Marine Science (SAMS) 
Scottish Marine Institute  

Fabian Ritter, Dipl.-Biol. Director of Research MEER e.V. Berlin, Germany  

Mario Rivera-Chavarria Marine Biologist University of Costa Rica Marie A. Roch, Ph.D. Professor of 
Computer Science San Diego State University  

Rosalind M. Rolland, D.V.M. Senior Scientist John H. Prescott Marine Laboratory New England Aquarium  

Naomi Rose, Ph.D. Marine Mammal Scientist Animal Welfare Institute  

Heather Saffert, Ph.D. Marine Scientist Strategy Blue  

Carl Safina, Ph.D. Endowed Professor for Nature and Humanity Stony Brook University  

Gregory S. Schorr Research Biologist Cascadia Research Collective  

Eduardo Secchi, Ph.D. Professor Instituto de OceanografiaUniversidade Federal Rio Grande, Brazil  

Mark W. Sprague, Ph.D. Associate Professor Department of Physics East Carolina University  

Richard Steiner Professor (ret.) University of Alaska  

Jan Stel, Ph.D. Professor Emeritus Ocean Space and Human Activity International Centre Integrated 

Assessment and Sustainable Development Maastricht University, The Netherlands  

Michael Stocker Executive Director Ocean Conservation Research  

Lisa Suatoni, Ph.D. Senior Scientist Natural Resources Defense Council  
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Sean K. Todd, Ph.D. Steve K. Katona Chair in Marine Science Director, Allied Whale Associate Academic 
Dean for Graduate Studies College of the Atlantic  

Scott Veirs, Ph.D. President Beam Reach Science & Sustainability School  

Val Veirs, Ph.D. Professor of Physics, Emeritus Colorado College  

Linda Weilgart, Ph.D. Adjunct Department of Biology Dalhousie University  

Hal Whitehead, Ph.D. Professor of Biology Dalhousie University  

George M. Woodwell, Ph.D. Founder and Director Emeritus Woods Hole Research Center  

 



Appendix 2. Summary of studies on effects of seismic airguns on fish species 
 
Only portions of experiments related to adult and juvenile fish are summarized here. All dB levels are relative to 1 μPa.  

Chapman, C.J. and Hawkins, A.D. 1969. The importance of sound in fish behaviour in relation to capture by trawls. FAO Fisheries Report 62(3): 717-
729.  

Study Information  
 

Study Type  Experimental  

Purpose  Not described  

Species  Whiting (Merlangius merlangus), 20-35 cm  

Location  Loch Torridon, Scotland.  

Timing  Not described  

Conditions  
Water depth of 50 fathoms (91m).  

 
Methodology   

Experimental Design  
A research ship was anchored over a large echo-trace, extending from 15-30 fathoms (27-55m) deep. This trace was 
fished with hand-lines, and a large number of whiting were obtained. An airgun was then fired intermittently for short 
periods over about an hour. Changes in fish distribution were recorded on echo-sounder charts.  

Analysis  
Echo-sounder charts were examined for changes in vertical distribution of fish.  

 
Exposure Regime   

Source  # airguns: 1  shot interval:  
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 total volume:  source level: [~220 dB @1m]
1 

 

Distance to Source  0-91m  

Received Levels  Not measured. 192-185 dB from 25-55m using estimated source level and assuming spherical spreading, 20logR.  

Exposure Duration  
1 hour  

 
Results   

Behavioural  

When airgun pulses were initiated, whiting showed a sudden downward movement, forming a more compact layer 

below 30 fathoms (55m, 192 dB re 1 μPa peak pressure
2

. After about an hour, fish appeared to habituate to the sound as 
evidenced by a period during which fish steadily ascended. Fish continued to rise in the water column when the air gun 

was switched off. When the airgun was fired again, another downward response was observed.  

 
Conclusions of Report  

 
Fish can react to sounds, particularly where they are of high amplitude, low frequency, and are intermittent.  

1 
as estimated by Turnpenny and Nedwell (1994).  

Dalen, J. and Knutsen, G.M. 1987. Scaring effects on fish and harmful effects on eggs, larvae and fry by offshore seismic explorations. Pp.93-102. In. 
Merklinger, H.M. (ed) Progress in underwater acoustics. Plenum Press: New York.  

Study Information  
 

 
Study Type  

 

Experimental  

Purpose  

 

To study the behaviour and distribution of fish along the path of a seismic survey vessel.  

Species  a) Demersal fish: saithe (Gadus virens), cod (Gadus morhua), haddock (Melanogrammus aeglefinus), whiting (Merlangius 
merlangus), great silversmelt (Argentina silus), ling(Molva molva) and cusk(Brosme brosme). Blue whiting 
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(Micromesistius poutassou). Small pelagics: Norway pout (Trisopterus esmarlii), lantern fish (Mycotophidae sp.), silvery 
cod (Gadiculus argenteus thori) and herring(Clupea harengus)  

b) cod 

 
Location  

North Sea  

 
Timing  

 

June 1984  

 
Conditions  

 
Water depths ranging from 100 – 300 m.  

Methodology  
 

Experimental Design  

a) Prior to seismic surveying, the survey area and surrounding waters were acoustically mapped using echo sounding 
and sonar. Twelve trawl stations were sampled to identify species composition and to relate soundings to three species 
groupings (demersal, blue whiting and small pelagics). The seismic program began on June 16 and lasted for ~1 week. On 

the 4
th 

day of exposure, three comparative trawl stations were conducted. One station was sampled before and two 
stations immediately after the seismic vessel acquired an adjacent line. Several attempts were made to acoustically 
monitor changes in distribution as the seismic vessel passed within 150-300m of a stationary observation vessel; 
however, ship noise and unfavourable fish distributions provided inconclusive results. During the last 18 hrs of the 
seismic program, the survey area and surrounding waters were acoustically mapped once again. b) Eggs, larvae and fry 

of cod were placed in plastic bags and transferred to the study area. Large fry were placed in 40 cm
3 

net enclosure and 
lowered with sound source to 4 m from sea surface. The distance between sound source and fry was varied from 1 to 
10m. Control fish were treated similarly except for exposure. Fry were dissected for morphological changes upon death 
or after 7 days. Only results for fry are reported.  

Analysis  
a) Seismic survey area was divided into 12 regions for statistical analysis using one-sided binomial test and 
nonparametric one-sided test. Raw data and quantitative analysis were not provided for comparative trawl experiments 
or analysis of distribution in surrounding waters.  
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Exposure Regime  
 

Source  

 

# airguns: a) 40, b) 1  shot interval: 10 sec  

total volume: a) 4752 cui, 
b) 640, 8610 cui (2000 psi)  

source level: a) 249.9 (dB @1m) b) 222.0, 231.0  

Distance to Source  b) 1-10m  

Received Levels  
a) ~ 210, 204 and 200 dB at 100, 200 and 300 m respectively if spherical spreading, 20logR, is assumed. b) ~ 202 dB at 
10 m from 222 dB source and 211 dB at 10m from 231 dB source if spherical spreading, 20logR, is assumed.  

Exposure Duration  
a) ~ 1 week  

 
Results   

Physical  b) No mortality observed upon exposure to airguns.  

Behavioural  

a) Demersal fish – Comparison of average echo abundance for the seismic survey area prior to exposure vs. after 
exposure indicated significant (p < 0.05) reduction in abundance by 36%. Blue whiting – Comparison of average echo 
abundance for the seismic survey area prior to exposure vs. after exposure indicated non-significant (p > 0.05) reduction 

in abundance by 54%. Small pelagics – Comparison of average echo abundance for the seismic survey area prior to 
exposure vs. after exposure indicated non-significant (p > 0.05) reduction in abundance by 13%. Abundance was low 
throughout survey. b) Feeding success of fry was not significantly different between control fish and those exposed to 
640 cui airgun. Fry (110 days) had some problems with balance upon exposure to 640 and 8610 cui airguns, but 
recovered after a few minutes. Exposure to watergun at 6m resulted in some loss of balance.  

 
Fisheries-related  

a) Demersal fish – Number of demersal fish caught in comparative trawl sets increased by 34% and 290% after exposure 
to airguns.  

 

 
Conclusions of Report  

 
Changes in the behaviour of fish and their overall distribution can result from exposure to seismic sound. Demersal fish 
appeared to move towards the ocean bottom, while pelagic fish appeared to migrate out of the area. No significant 
physical effects were observed upon exposure of cod fry to airgun sources at close range, though some problems with 
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balance were observed.  

 
Related Papers  

 
Dalen and Raknes (1985a, 1985b)  

 

Engas, A., Løkkeborg, S., Ona, E., and Soldal, A.V. 1996. Effects of seismic shooting on local abundance and catch rates of cod and haddock. Can. J. 
Fish. Aquat. Sci. 53:2238-2249.  

Study Information  
 

Study Type  Experimental  

Purpose  
To investigate the effects of seismic noise on catch rates of cod and haddock, and to establish how far and long these 
effects extend.  

Species  Cod (Gadus morhua), haddock (Melanogrammus aeglefinus)  

Location  North Cape Bank, north of Norway  

Timing  May 1992  

Conditions  
Water depth of 250-280m.  

 
Methodology   

Experimental Design  

Fish abundance was measured with longlines, trawls (60-67 sets) and echosounders for 7 days prior to seismic surveying, 
during the 5 days of seismic surveying, and for 5 days afterwards within an observation area of 74 x 74 km. Acoustic 
mapping was conducted in a concentric pattern out to a radius of 37 km from the centre of the survey area. Trawling 
followed a similar plan. Longlines (3900 m) were set at various distances and hauled in daily. Total catch was 20 tons of 
cod and 4.5 tons of haddock, which was 3% of total biomass measured acoustically. Samples of fish from trawls and 
longlines were analyzed for stomach contents. During 5 days of seismic surveying within a survey area of 5.6 x 18.5 km, 
36 seismic lines were conducted. Lines were 10 nm long with a distance of 125 m between them.  
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Analysis  
Multifactor analysis of variance, time series methods and intervention analysis.  

 
Exposure Regime   

Source  

 

# airguns: 18  shot interval: 10 sec  

total volume: 5000 cui  source level: 253 dB ± 3 dB @1m 248.7 (65° off axis)  

Distance to Source  Study area of 74 km
2 

surrounding a seismic survey area of 5.6 x 18.5 km.  

Received Levels  Not measured. [205 dB at seafloor, 178 dB at 18 km]
1 

 

Exposure Duration  
Five days  

 
Results   

Behavioural  

Acoustic density of fish decreased by 45% during exposure. After exposure, fish density decreased by a further 19%. 
Lowest densities occurred within the seismic survey area. After reductions occurred, there was a gradual smoothing of 
horizontal distribution across the study area. Pelagic biomass was affected more (reduced by 47%) than benthic biomass 
(reduced by 39%). Large fish (>60 cm or >2 kg) were more affected than small fish. No change in stomach content was 
observed. Ignoring bait, the degree of stomach fullness was low throughout the study period. Between 91-95% of cod in 
trawls and 73-79% of cod in longlines had empty stomachs (Engas et al. 1993).  

 
Fisheries-related  

 
Trawl and longline catches of cod and haddock were significantly higher before exposure than during or after exposure 
(p<0.001). Trawl catch of cod was reduced by 69% in the seismic survey area and 45-50% outside the survey area. Trawl 
catches of haddock decreased by 68% within the seismic survey area, 56% at 1.9-5.6 km and 13-17 km from the survey, 
and 71% at 30-33 km from the survey. No increases in catch were observed within 5 days. Longline catch rates were 
reduced by 45% in the survey area, 16% at 1.9-5.6 km from the survey and 25% at 13-17 km from the survey. No 
reductions occurred at 30-33 km from the seismic survey area. Longline catches of cod tended to increase after 
exposure, except at the furthest point where catches declined.  

 Catches of haddock were reduced by 50% over that entire study area during exposure, with 67% reductions in the 
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seismic survey area. Statistical tests on time and distance effects were significant in 6/8 cases. The interaction term (time 
by distance) was not significant in 3/4 cases. The study area and duration were thought to be insufficient to capture the 
full extent of effects.  

Conclusions of Report  

 
Seismic airgun operations can affect fish distribution and cause trawl and longline catch rates of cod and haddock to fall 
both within the immediate seismic survey area and in the surrounding area. Reductions appeared to be more 
pronounced for large than for small fish.  

 
Related Papers  

 
Engas et al. (1993)  

1
as estimated by Davis and Thomson (1999).  

 

 
Falk, M.R. and Lawrence, M.J. 1973. Seismic exploration: its nature and effect on fish. Fisheries and Marine Service, Resource Management Branch, 
Fisheries Operations Directorate: Technical Report CENT-73-9.  

Study Information  
 

Study Type  Experimental  

Purpose  To study effects that seismic energy sources commonly used in the Northwest Territories have on fish.  

Species  Young coregonids (7-10 cm), including Arctic cisco (Coregonus autrumnalis)  

Location  Middle Channel of the Mackenzie River Delta, NWT.  

Timing  Not described  

Conditions  
Water depth 3-6 m. Mud bottom.  
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Methodology   

Experimental Design  

Fish were collected from streams close to study area and held for 48 hours to allow recovery from stress. One hour 
before exposure, fish were placed in cages positioned at either 0.6, 1.5, 3 or 3.4 m (2, 5, 10 or 11 feet) from the airgun. 
After firing one shot of the airgun (except for 1 trial at 0.6 m), fish were retrieved and categorized as alive, dead or in 
stress. They were then taken to shore for length measurements and gross external and internal examinations.  

Analysis  
Results were tabulated; no statistical analysis conducted.  

 
Exposure Regime  

 

Source  

 

# airguns: 1  shot interval: 10-15 sec  

total volume: 300 cui (2000-2200 psi)  source level: [230 dB @ 1m]
1 

 

Distance to Source  0.6 - 3.4 m  

Received Levels  
Not measured. 234 dB at 0.6 m and 219 dB at 3.4 m using estimated source level and assuming spherical spreading, 
20logR.  

Exposure Duration  
Single impulse or four impulses (1 trial at 0.6 m).  

 
Results  

 

 

Physical  

No mortality of experimental fish was observed. No extraneous mortalities were observed in Mackenzie River within 16 
km of airgun experiment. 2 of 15 fish within 3-3.4 m of airgun showed signs of stress but no overt signs of physical 
damage. 2 of 14 fish with 0.6-1.5 m of airgun showed signs of damage to swim bladder. No damage observed in fish 
exposed to multiple impulses.  

 
Conclusions of Report  

 
The lethal radius of the airgun was calculated to be between 0.6-1.5 m (2-5 ft), which would be 226 – 234 dB re 1 μPa 
using estimated source level and assuming spherical spreading, 20logR.  
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1 
as estimated by Turnpenny and Nedwell (1994).  

Holliday, D.V., Piper, R.E., Clarke, M.E. and Greenlaw, C.F. 1987. The effects of airgun energy release on the eggs, larvae, and adults of the northern 
anchovy (Engraulis mordax). American Petroleum Institute, Washington, DC. Tracer Applied Sciences.  

Study Information  
 

Study Type  Experimental  

Purpose  
The primary objective of this study was to examine the effects of seismic noise on anchovy eggs and larvae; however, a 
few tests on adults were conducted.  

Species  Northern anchovy (Engraulis mordax)  

Location  California  

Timing  a) Nov 1985, b) Apr-Jun 1986  

Conditions  
Relatively flat shelf with depth of ~30m.  

 
Methodology   

Experimental Design  

Adult northern anchovy were randomly divided into tests and controls, lowered to test depths and exposed to multiple 
(7 – 71) seismic impulses, which increased and then decreased in amplitude to simulate passing of a seismic array. 
Controls were treated similarly except for exposure. Samples were then dissected for examination of swimbladders and 
otoliths. One series of tests were conducted in November at sea surface and at a test depth of 11 m with single airguns. 
Another series of tests were conducted in June at a test depth of 9.5m with a four airgun seismic array. Both “groomed” 
fish, i.e. laboratory cared for and fed (mean length 105.2mm), and “ungroomed” fish from a bait barge (mean length 
95.8mm) were tested.  

Analysis  
Insufficient replicates were conducted in November to allow for determination of confidence levels. Sufficient replicates 
were used in June so that confidence intervals and significance of results could be determined.  

Exposure Regime  
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Source  

 

# airguns: a) 1, b)4  shot interval: 10 sec  

total volume: a) 10, 40, 120, 300 cui b) 1200 cui  source level: up to 2000 psi  

Distance to Source  1.5-3m  

 
Received Levels  

 

a) 215, 218, 222, 223 dB, b) 234 dB  

Exposure Duration  
a) 29-71 impulses, b) 7 impulses  

 
Results  

 

 

 
Physical  

 
November results: Ungroomed fish demonstrated greater swimbladder damage than controls with only 57% of those 
exposed to 0.84 bars (surface) intact vs. 86% of controls and 71% of those exposed to 1.35 bars (11m) intact vs. 100% of 
controls. Groomed fish demonstrated no swimbladder damage at 0.84 bars (surface) or 1.30 bars (11m); however, only 
33% of swimbladders were intact after exposure to 1.78 bars as compared to 86% of controls. No confidence intervals 
are available for these results. June results: Only 27% of swimbladders were intact after exposure to 4.92 bars as 
compared to 89% of controls (p=0.01). While November results indicated a trend toward greater damage in exposed 
otoliths than in controls, lack of replicates limits confidence in these results. June results with replicates indicated no 
significant difference between exposed and control otoliths.  

 
Conclusions of Report  

 
Ungroomed adults were found to be more susceptible to swimbladder and otolith damage than were groomed 
(generally healthier) adults. In general, there was more damage to fish held immediately under the ocean surface than to 
those held near 10m.  
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Koshleva,V. 1992. The impacts of air guns used in marine seismic explorations on organisms living in the Barents Sea. Fisheries and Offshore 
Petroleum Exploitation 2nd International Conference, Bergen, Norway, 6-8 April 1992.  

Study Information  
 

Study Type  Experimental  

Purpose  To test the impacts of airguns used in Barents Sea petroleum exploration on marine organisms.  

Species  Young and mature fish (cod, Gadus morhua, mentioned specifically)  

Location  Ura Guba Inlet, Barents Sea  

Timing  
1989 and 1990  

 
Experimental Design   

Methodology  

Test organisms were suspended in cages at 0.5 m, 1 m and 2 m from the airgun. 18 series of exposures were conducted. 
Each was followed by tests for signs of impacts, starting with visual observations for outward signs of injury and changes 
in behaviour and concluding with the killing of the specimen to conduct physiological examinations. The control group 
consisted of specimen organisms of the same species.  

Exposure Regime  
 

Source  

 

# airguns: 1, array  shot interval:  

total volume: 1-3L, 20L  source level: [220-240 dB @ 1m]
1 

 

Distance to Source  0.5, 1.0 and 2.0m  

Received Levels  
Not measured. 226, 220 and 214 dB at 0.5, 1 and 2 m respectively, assuming a source of 220 dB and spherical spreading 
(20logR). 246, 240 and 234 dB at 0.5, 1 and 2 m respectively, assuming a source of 240 dB.  
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Exposure Duration  It is unclear whether organisms were exposed only once or to the full series of 18 exposures.  

Results  
 

Physical  

Fish exposed to single airguns at 0.5m showed some internal signs of impact, but there were no fatalities. No effects 
were observed at 1m. More impact was observed after exposure to the full array than to isolated shots, particularly for 
arrays with total volumes of 5 L or more placed at 0.5m. Again, no effects were observed at or beyond 1m. Half of fish 
exposed to an array containing two 5 L airguns at 0.5m suffered damage to blood cells or internal bleeding. There was 
also evidence of injury to white blood cells, such as bubble formation in cell nuclei. In a few cases, young cod received 
eye injuries. No effects were observed at 1m. In young cod, there was increased inflammation of tissues as the volume 
increased to 3 L at 0.5m. This damage worsened over time.  

 
Conclusions of Report  

 
Single airguns had negligible effects at all distances. Slightly more impact was seen upon exposure to full arrays. Results 
were considered to be consistent with other data that suggests airguns are ecologically benign and safe for seismic 
exploration, but it was suggested that operating airguns over spawning grounds during spawning season be prohibited.  

1 
as estimated by Turnpenny and Nedwell (1994).  

 

La Bella, G., Cannata, S., Froglia, C., Modica, A., Ratti, S. and Rivas, G. 1996. First assessment of effects of air-gun seismic shooting on marine 
resources in the central Adriatic Sea. Society of Petroleum Engineers, paper SPE 23782.  

Study Information  
 

Study Type  Experimental  

Purpose  To test effects of seismic noise on the primary fisheries of the Adriatic Sea.  

Species  Primarily hake (Merluccius merluccius) and clupeoids [studies on European sea bass reported in Santulli et al. (1999)]  

Location  Off coast of Italy, Adriatic Sea  

Timing  Summer 1995  
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Conditions  
25 miles offshore, 70-75m depth  

 
Methodology   

Experimental Design  

Influence on trawl fishery and pelagic distribution: A series of trawl samplings and echo-sounder observations were made 
prior to seismic operations. A traditional Mediterranean bottom trawl (cod-end mesh size 40 mm stretch) was used. It 
has a low vertical opening (1 m) and long sweep ropes with herding effect on demersal fish. All tows were done with the 
same course in a narrow area. Before start of seismic operation, 8 trawl samples (4 during day and 4 at night) were 
taken. Total catch was sorted by species and weighed. Size frequency distributions were recorded for common species 
(hake and Norway lobster). Relative abundance of pelagic fish (mostly clupeoids) was estimated simultaneously along the 
trawl path with an echo sounder (SIMRAD EK500). Data were analysed in terms of vertical segregation, slicing water 
column in 7 layers from bottom to 8 m below surface). During seismic operations, a total of 111.3 km were shot. The 
process of biological sampling was repeated once seismic operations were completed.  

Influence on gill-net fishery: Two sets of gillnets (3,200 m with 72 mm mesh size) were set in place at dusk and retrieved 
at dawn, the day before and after the seismic operation. Catch was sorted by species and recorded in number and 
weight per unit effort.  

Analysis  
Catch data before and after exposure were compared with ANOVA. Length frequency distributions were compared using 
Kolmogorov test.  

Exposure Regime  
 

Source  

 

# airguns: 16  shot interval: 25 sec  

total volume: 2500 cui (2000 psi)  source level: 256 dBo-p @ 1m  

Distance to Source  Variable  

Received Levels  Not measured.  

Exposure Duration  
~ 12 hrs (60 nm at 5 nm/hr)  
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Results  

 

 

Behavioural  

 

The total pelagic biomass over the survey area did not show significant changes before and after exposure, but a lower 
proportion of the total pelagic assemblage migrated to the surface layers.  

Fisheries-related  

No evidence of significant changes in trawl catch before and after the seismic program was observed. Catch composition 
appeared to be more influenced by timing (day vs. night) than by exposure to seismic noise. Length frequency 
distributions of hake sampled one day before and one day after seismic exposure were similar (Kolmogorov test D = 

0.0419 χ
2 

= 1.4159). No evidence of significant changes in gill-net catch of sole or gunard was observed.  

 
Conclusions of Report  

 
These experiments did not demonstrate any significant variation in trawl catches or size frequency distribution of finfish 
as a result of seismic survey operations. Some behavioural effects were observed in Clupeoids (change in vertical 
distribution).  

 

Løkkeborg, S. 1991. Effects of a geophysical survey on catching success in longline fishing. ICES (CM) B:40.  

Study Information  
 

Study Type  Opportunistic  

Purpose  To study the effects on longline catches of a geophysical survey conducted during the winter fishery for cod.  

Species  Cod (Gadus morhua)  

Location  Off the coast of Finmark, north of Norway  

Timing  Jan 1990  

Conditions  Water depth of ~185m. Conducted during seasonal migration of cod towards spawning areas.  

Methodology  
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Experimental Design  

A seismic survey with a total of 32 track lines (2.5 nm each) was conducted in January 1990 off the coast of Finmark. 
Catch data (including position, time of set, and estimated weight of catch) of four longliners operating in the area were 
collected and analyzed. These data were related to the position of the seismic survey tracklines and timing of airgun 
discharge.  

Analysis  
Significance of results not calculated by author.  

 
Exposure Regime   

Source  

 

# airguns: 4  shot interval: 5 sec  

total volume: 40 cui  source level: 239 dB @ 1m  

Distance to Source  Within ~15 km of survey area.  

Received Levels  Not measured. [~161 dB at 5 km]
1 

 

Exposure Duration  
~43:25 hrs over 11 days.  

 
Results   

Fisheries-related  
Cod catch rate reductions of 55-80% were observed for longlines set within the seismic survey area. Catch data obtained 
from all four longliners showed similar trends. Effects persisted for 24 hours within 5nm of the seismic survey.  

 

Conclusions of Report  
This study indicates effects of seismic survey operations on longline catch rates. Behavioural studies (e.g. ultrasonic 
tagging) required to determine if such effects are due to changes in distribution or feeding motivation.  

 
Related Papers  

 
Løkkeborg and Soldal (1993)  

1 
as estimated by Turnpenny and Nedwell (1994).  
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Løkkeborg, S. and Soldal, A.V. 1993. The influence of seismic exploration with airguns on cod (Gadus morhua) behaviour and catch rates. ICES Mar. 
Sci. Symp. 196:62-67.  

Study Information  
 

Study Type  Opportunistic  

Purpose  
To investigate the effects of seismic operations on the by-catch of cod in trawls for shrimp (two cases) and saithe (one 
case).  

 
Species  

 

Cod, >42 cm (Gadus morhua)  

Location  a) Off coast of Finmark, b) near Bear Island in Barents Sea, c) at Storegga off the coast of W. Norway.  

 
Timing  

 

a) June 1989, b) Aug 1991, c) Apr 1991  

Conditions  
a) trawling for shrimp in 200-300m, b) trawling for shrimp in 200-300m, c) trawling for saithe in 150-250m. Bad weather 
conditions.  

Methodology  

 
 

Experimental Design  

 

With the permission of fishing vessel operators, catch data from shrimp trawlers that had been operating in the vicinity 
of three different seismic surveys were obtained from official catch records. The estimated weight of the catch, and the 
time and start position of each haul (generally 10-15 nm long), were noted in relation to position and timing of seismic 
survey tracklines. It wasn’t possible to determine the exact distance between catch and sound source.  
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Analysis  

Catch rates before, during and after the seismic surveys were compared.  

 

Exposure Regime   

Source  

 
# airguns: a) 20, b) 40, c) array  

Source  

 
Distance to Source  

total volume: a) 40, b) 
2660, c) 4000 cui  

shot interval:  

Hauls starting within 9.3 
km (5 nm) of seismic 
survey  

source level: Not measured. [239-250 dB @ 1m]
1 

 

Received Levels  Not measured. [160-171 dB re 1 μPa]
1 

 

Exposure Duration  a) data obtained for 2 days of a 6 day seismic survey b) data obtained for 3 days during a seismic survey c) 12 hours  

Results   

Fisheries-related  

Significant (p<0.05) cod by-catch reductions of 79% (24 to 5 kg/towing hour average) and 83% (18 to 3 kg/towing hour) 
were observed within 9.3 km of two seismic survey areas (Finnmark and Bear Island surveys respectively). By-catch of 
cod returned to pre-shooting levels about one day after the survey ended. At Storegga, by-catch of cod increased 
threefold during short periods of airgun exposures (9 and 3 hours each). Catches returned to pre-exposure levels within 
12 hours after the seismic operation had ended.  

Conclusions of Report  

 
Seismic operations can significantly influence the catch rates of cod in longline and trawl fisheries. These reductions are 
likely due to the behavioural responses of fish to the airgun sound source, including movement downwards and then 
away from the survey area.  

 
Related Papers  

 
Løkkeborg (1991)  
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1 
as estimated by Turnpenny and Nedwell (1994).  

 
Matishov, G.G. 1992. The reaction of bottom-fish larvae to airgun pulses in the context of the vulnerable Barents Sea ecosystem. Fisheries and 
Offshore Petroleum Exploitation 2nd International Conference, Bergen, Norway, 6-8 April 1992.  

Study Information  
 

Study Type  Experimental  

Purpose  
To examine the contribution of geophysical survey operations to a decline in the distribution and abundance of 
commercial fish in the Barents Sea.  

Species  Cod (Gadus morhua) and plaice (Pleuronectes platessa)  

Location  Barents Sea  

Timing  
1989  

 
Methodology  

 

 

Experimental Design  Caged cod and plaice were exposed to a single shot of an airgun at ranges of 2 and 4m.  

Exposure Regime  
 

Source  

 

# airguns: 1  shot interval: n/a  

total volume:  source level: [226 dB @ 1m]
1 

 

Distance to Source  2-4m  
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Received Levels  Not provided. 220 dB at 2 m and 214 dB at 4 m using estimated source level and assuming spherical spreading (20logR).  

 
Exposure Duration  

Single shot  

 
Results  

 

 

 
Physical  

 
Fish exposed to a single airgun discharge at 2m range were stunned for 5 min and died within 48 hrs due to extensive 
haemorrhaging in gills, liver, medullar oblongata and mesenecephaton. Fish held at 4m range became blind but stayed 
alive over a 2 week period following exposure.  

Conclusions of Report  It is suggested that airgun arrays be prohibited from use over spawning grounds during spawning activity and from other 
areas of larval drift.  

1 
as estimated by Turnpenny and Nedwell (1994).  

 
McCauley, R.D., Fewtrell, J., Duncan, A.J., Jenner, C., Jenner, M-N., Penrose, J.D., Prince, R.I.T., Adhitya, A., Murdoch, J. and McCabe, K. 2000. 
Seismic surveys: analysis and propagation of air- gun signals; and effects of air-gun exposure on humpback whales, sea turtles, fishes and squid. 
Australian Petroleum Production Exploration Association. Western Australia.  

Study Information  
 

Study Type  Experimental  

Purpose  
To gauge the behavioural response and any physiological or pathological effects on caged fish from exposure to a seismic 
survey.  

Species  

Silver bream (Acanthopagrus butcheri), trumpeter (Pelates sexlineatus), trevally (Pseudocaranx dentex), pink snapper 
(Chrysophrys auratus), herring (Clupea harengus), mullet (Mugil cephalus), black tipped cod (Epinephelus fasciatus), long 
finned rock cod (Epinephelus quoyanus), chinamen rock cod (Epinephelus rivaltus), western butterfish (Pentpodus vitta), 
wrasse (Stethojulis strigiventer), spangled emperor (Lethrinus laticaudis), spanish flag (Lutjanus carponotatus), and 
dhufish (Glaucosoma hebraicum).  



 

 

146 

Location  Jervoise Bay and Exmouth Gulf, Australia (Feb 97 - Nov 98)  

Timing  Mar 1996 – Oct 1999  

Conditions  
Jervoise Bay: water temp. of 16-20°C, water depth of 9m with a fine, muddy bottom. Exmouth Gulf; water temp 21-23°C, 
water depth of 10m, enclosures held in a tidal stream with currents to 1 knot.  

Methodology  
 

Experimental Design  

Nine experimental trials were conducted, seven in Jervoise Bay and two in Exmouth Gulf. Fish were captured or obtained 
from aquaculture facilities, and were acclimated in enclosure prior to trails. Enclosures were located some distance from 
the airgun, which was deployed from a pontoon (Jervoise) or small vessel (Exmouth). Controls were used in all 
experiments. Control fish were handled similarly to test fish except for size of enclosure.  

a) Behavioural observations and analysis: Fish were observed with a high resolution black and white video camera and 
colour digital video camera for 1 hour pre-exposure and 45-60 min after exposure.  

b) Physiological response: Blood samples for cortisol and glucose levels, and blood smears for cell counts were sampled 
at intervals after exposure. Samples were also taken from control fish.  

c) Pathology: Fixation of macula surrounding otoliths for assessment of damage to hair cells (hearing damage) using an 
electron microscope.  

 
Analysis  

Modeling was also conducted on the response of fish otoliths to airgun signals.  

 
Exposure Regime   

Source  

 

# airguns: 1  shot interval: 10 sec  

total volume: 20 cui (10 MPa)  source level: 222.6 dBp-p  

Distance to Source  a) 5 - 800m, b) 10-30m and 5-450m, c) 5-800m  

 
Received Levels  

146-195 dB re 1 μPa root mean square (rms)  
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Exposure Duration  
Variable  

 
Results   

 
Physical  

 

No mortality. Additional results reported in McCauley et al. (2003).  

Behavioural  

 

Startle response (C-turn) to short range start-up or high level air gun signal (182-195 dB from 200-800m). Greater startle 
response observed in small fishes. Alarm response above 156-161 dB mean square pressure. Lessening of startle and 
alarm response over time. Increased use of lower portion of cage during airgun operations. General behavioural 
response of fish to move to bottom, centre of cage in periods of high air-gun exposure. Faster swimming and formation 
of tight groups correlating with high air gun levels. 

Physiological  

No significant measured stress increases which could be directly attributed to airgun exposure of 146-195 dB (rms).  

 

Conclusions of Report  

Captive fish displayed a generic ‘alarm’ response of increased swimming speed, downward movement, and tightened 
school structure at an estimated 2-5 km from a seismic airgun source. Modeling of fish hearing predicts that at ranges of 
less than 2km from an airgun, a fish ear would begin a rapid increase in displacement parameters. Fish exposed to short 
range air gun signals showed some damage to hearing structures but no evidence of increased physiological stress 
response. Potential effects on fish may not necessarily translate into population scale impacts or disruption of fisheries.  

 
Related Papers  

 
McCauley et al. (2003, 2000, 2001)  

  

 

McCauley, R.D., Fewtrell, J., and Popper, A.N. 2003. High intensity anthropogenic sound damages fish ears. J. Acoust. Soc. Am. 113:638-642.  

Study Information  
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Study Type  Experimental  

Purpose  To investigate possible effects of airgun noise on the hearing system of fishes.  

Species  Pink snapper (Chrysophrys auratus)  

Location  Jervoise Bay, Australia  

Timing  Not provided.  

Conditions  
Average depth of 9 m.  

 
Methodology   

Experimental Design  

Pinks snapper were held in enclosures (10 x 6 x 3 m or 1m
3

) and exposed to an airgun towed toward and away from the 
cage (from start up at 400-800m to 5-15m). Some of the test fish (group II) were killed 18 hours after airgun exposure, 
while others (group III) were killed 58 days later. Control fish (group I) were kept in the same enclosures used for 
experimental animals but were removed from cages and sacrificed just before exposure to airgun.  

Analysis  

Fish were sacrificed and dissected. Ears were prepared and mounted for examination using a scanning electron 

microscope. Digital transects (images) were overlain with 25 μm gridlines and number of missing cells per 24x625 μm
2 

were counted. Results were reported as holes per 10,000 μm
2

. 95% confidence intervals were determined using all 
images per group.  

Exposure Regime  
 

Source  

 

# airguns: 1  shot interval: 10 sec  

total volume: 20 cui  source level: 222.6 dBp-p @ 1m  

Distance to Source  5-800m  

 
< 212 dBp-p at 5m.  
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Received Levels  

 

Exposure Duration  
Four approaches towards enclosure over 1:05 hours, break of 1:12 hours then three additional approaches over 0:36 
hours.  

Results  

 
 

 
Physical  

 
Epithelia of group I fish (control) had appearance similar to other species, with fields of ciliary bundles distributed across 
the epithelia. A small number of holes, correlating with the expected location of hair cells were found in group I. Group II 
fish were observed to have localized dense patches of holes and “blebbing” or “blistering” on the surface of the epithelia 

coincident with the location of hair cells. When the number of holes/10,000 μm
2 

along three transects across the 
epithelium were compared with group I fish, results were not significant (p>0.1, 2-tailed t-test). Group III fish showed 

significantly greater numbers of holes/10,000 μm
2 

than group I or II fish. (p<<0.001, 2-tailed t-test) and greater areas of 
“blebbing”. “Blebbing” was consistent with expansion of the ear cell ciliary bundle surface, with eventual rupture leading 
to a hole. Group III fish held for 58 days after exposure continued to grow and showed no sign of disease. 

Conclusions of Report  
 
This study demonstrates that exposure to seismic airguns can cause significant damage to the ears of fishes.  

 
Related Papers  

 
McCauley et al. (2003, 2000, 2001)  

  

 

Pearson, W.H., Skalski, J.R. and Malme, C.I. 1992. Effects of sounds from a geophysical survey device on behaviour of captive rockfish (Sebastes 
spp.). Canadian Journal of Fisheries and Aquatic Sciences 49:1343-1356.  

Study Information  
 

Study Type  Experimental  
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Purpose  
To determine the threshold at which sounds from an airgun produced a startle response or other behavioural change in 
captive rockfish.  

Species  
Blue (Sebastes mystinus), black (S. melanops), vermilion (S. miniatus), olive (S. serranoides) and brown (S. auriculatus) 
rockfish.  

Location  Cayucos, off California coast  

Timing  Jul 13–18, 1986  

Conditions  
Sheltered bay of 14m water depth, soft bottom of fine sand and silt.  

 
Methodology   

Experimental Design  

5 behavioural trials were conducted over five days with 2-6 exposures per trial. Before each trial, rockfish were captured 
near rock pinnacles by trolling with lures and barbless hooks in depths from 10 to 30 m. Upon capture, swim bladders 
were expelled by puncturing them with a hollow needle to reduce mortality. Fish were then placed in a holding tank. 
Within 3 hours of capture, fish were transferred to the field enclosure and acclimated overnight. Each trial varied in the 
number of rockfish and their species composition. Trials began with an observation period of at least 30 min. Notes on 
the behaviour of fish were recorded at 2 min intervals. This observation period was followed by 2-6 (depending on 
weather), 10-min periods of airgun operation, during which observations were made continuously and recorded at 1-min 
intervals. Observations were also recorded in intervals between airgun firing. In trials 1 and 2, the sound level during 
each succeeding 10-min exposure was increased by bringing the vessel ~half the distance of the previous exposure 
(5800, 2900, 1500, 760, 350 and 185m). In subsequent trails, sound levels were varied by directing the vessel to decrease 
or increase its range depending on fish response (11-1760 m).  

Analysis  
Graphical displays and multiple analysis were used to examine the relationship between exposure levels, changes in 
vertical distribution, and other responses. 4/5 trials tested sufficient fish (n>13) to provide usable results.  

Exposure Regime  
 

Source  

 

# airguns: 1 shot interval: 10 sec  

total volume: 100 cui (4500 psi) source level: 223 dBo-p @ 1m  
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Distance to Source  11-5800m  

 
Received Levels  

 

137 – 206 dBo-p (measured).  

Exposure Duration  
10 min exposures, 2-6 times.  

 
Results  

 

 

 
Behavioural  

Rockfish species reacted to airgun sounds with alarm and startle responses. The character and extent of these responses 
varied with species and sound level. Startle response (flexing of body or shudder) was observed at ≥200-205 dB for black 
and olive rockfish. Alarm response was observed at 177-180 dB for blue and black rockfish, 186-195 dB for vermilion 
rockfish, and above 199 dB for olive rockfish. Blue rockfish milled in increasingly tighter schools with increasing airgun 
levels. Black rockfish schools collapsed to bottom when airguns started where they remained unpolarized and 
unsynchronized. Vermilion and olive rockfish either rose in the water column and eddied at increased speed or moved 
closer to bottom and became almost motionless. Return to pre-exposure behaviour occurred within the 20-60 min 
exposure period. The general response threshold of rockfish was considered to ~180 dB, with a threshold for subtle 
changes in behaviour extrapolated as 161 dB. 

Conclusions of Report  

 
The general threshold for alarm response in captive rockfish was found to be about 180 dB re 1 μPa. More subtle 
behavioural responses may be observed at 161 dB re 1 μPa. These responses were sustained for only a few minutes and 
may differ in nonconfined fish.  

 
Related Papers  

 
Pearson et al. (1987), Skalski et al. (1992)  

 

Pickett, G.D., Eaton, D.R., Seaby, R.M.H. and Arnold, G.P. 1994. Results of bass tagging in Poole Bay during 1992. Ministry of Agriculture, Fisheries 
and Food Directorate of Fisheries Research, Fawley Aquatic Research Laboratories. Laboratory Leaflet #74.  

Study Information  
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Study Type  Monitoring  

Purpose  To investigate the effects of seismic shooting on inshore bass fisheries in shallow UK waters.  

Species  European sea bass (Dicentrarchus labrax)  

Location  Poole Bay, UK.  

Timing  Jun 1 - Oct 14, 1992  

Conditions  
5-30 m water  

 
Methodology   

Experimental Design  

From May 22 to Oct 24, 1992, 1248 European bass of commercial size were tagged and released near a proposed seismic 
survey area using rod-and-line. Catch log books were distributed to 12 skippers who fished in the seismic survey area. A 
seismic survey comprised of 17 transects with lengths of 18km was conducted from Jun 1 to Oct 14. Towing speed was 
3.5 knots at a depth of 3m using two alternating arrays (characteristics described below).  

Analysis  

Tag returns (including location of catch) were reported by fishermen to the Directorate of Fisheries Research and 
collated in the lab database. Tag returns without recapture positions were excluded from analysis. Seven logbooks were 
completed with daily records of catch throughout the seismic survey period; 6 of these used baited hook and lines. 
Logbook catch data was analysed using standard statistical methods.  

Exposure Regime  
 

Source  

 

# airguns: 2 x 8  shot interval: 10 sec  

total volume: 1220 cui (135 bar)  source level: [250 dB @ 1m]
1 

 

Distance to Source  

 

0.9 – 22.6 km (to fishing vessels)  

Received Levels  Not measured. 163-191 dB estimated using spherical spreading, which is not likely to be accurate.  
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Exposure Duration  

Jun 1 – Oct 14  

 
Results  

 

 

Behavioural  

 

152 tags were returned between May 1992 and Sep 1993, the majority of which within 10 km of release site. Considered 
to indicate that there were no long-range movements of bass out of survey area.  

 
Fisheries-related  

Average catch rate of commercial bass for 6 boats was 5.4 bass per day in May and 6.3 bass per day in Jun-Oct. Average 
size of bass caught remained fairly constant throughout May-Oct. Two boats had low catch rates, but were catching 
other fish. One boat reported 4429 undersize bass caught - high proportion of undersize catch. However, undersize fish 
were present on the fishing marks throughout the period. Considered to indicate that catch rates were not affected.  

 
Conclusions of Report  

This study demonstrated no discernable effect of a seismic survey on local catch rates, average size of fish caught, or 
distribution and movement of bass in the area. This study suggests that there was no large scale migration of bass away 
from the seismic operation, which may have been due to the relatively shallow waters, high propagation loss, and high 
ambient noise.  

1 
as estimated by Turnpenny and Nedwell (1994).  

Santulli, A., Modica, A., Messina, C., Ceffa, L., Curatolo, A., Rivas, G., Fabi, G. and D'Amelio, V. 1999. Biochemical response of European Sea Bass 
(Dicentrarchus labrax L.) to the stress induced by off shore experimental seismic prospecting. Mar. Poll. Bull. 38(12): 1105-1114.  

Study Information  
 

Study Type  Experimental  

Purpose  
To examine variations in biochemical parameters of European sea bass exposed to seismic noise, and to examine any 
effects on skeletal structure.  

Species  European sea bass (Dicentrarchus labrax)  

Location  Off coast of Italy, Adriatic Sea.  
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Timing  Summer 1995  

Conditions  
Average depth of 15 m, 6 km (3 nm) from the coast.  

 
Methodology   

Experimental Design  

An experimental seismic survey was conducted along a 19 km (10 nm) transect. Acoustic and spectral analysis of noise 
emissions were conducted prior to and during the survey. Six groups of European sea bass in age class 0+ and six groups 

of age class 1+ were distributed in 2 groups of 6 m
3 

metal enclosures at a density of 25 individuals/m
3

. The enclosures 
were distributed at various distances (180, 2400, 3700, and 6500 m) from the transect. An underwater video camera was 
positioned at 180 m to record fish reactions. Enclosures were recovered 6 or 72 hours after exposure. Fish of 0+ age class 
were x-rayed. Fish of age class 1+ recovered 6 hours before and after exposure were sampled for chemical analysis. 
Additional fish were processed after 72 hours. Control fish were processed 6 hours before the start of the seismic survey.  

Analysis  
Variance analysis was used to test for significance.  

 
Exposure Regime   

Source  

 

# airguns: 16  shot interval: 25 sec  

total volume: 2500 cui (2000 psi)  source level: 256 dBo-p @ 1m  

Distance to Source  180-6500m  

Received Levels  
Not measured. 210 dB at 180m, 204 dB at 800m and 199 dB at 2500m assuming spherical spreading, 20logR, for first 
15m (water depth) and cylindrical spreading, 10logR, for rest of distance.  

Exposure Duration  
~2 hrs (10nm at 5 nm/hr)  

 
Results   

Physical  No mortality and no modification of spinal cord morphology, no alteration, infraction or fracture of the fin rays.  



 

 

155 

 

Behavioural  

 

At 2500m, most fish swam slowly against the current, some fish showed startle response. At 800m, a larger proportion 
showed startle response. At 180m, fish bunched in the center of enclosure with random orientation and general increase 
in activity. When the vessel passed beyond 1 nm, the startle response was no longer evident and behaviour returned to 
normal within 1 hr.  

 
Physiological  

Serum analysis: Fish examined 6 hours before and after exposure indicated changes in 1o and 2o stress response. 
Cortisol levels, glucose and lactate increased significantly (p < 0.01). Serum content of adenylates (AMP, ADP, ATP) was 
significantly reduced, which was most evident in ATP concentrations. Phosphate bond reserve as indicated by AEC did 
not show significant variation. There was a non-significant increase in cAMP.  

Tissue analysis: In both muscle and liver tissue, cortisol was significantly higher (p < 0.05) in fish examined 6 hours after 
exposure as compared to controls, but not in fish examined 72 hours after exposure. Glucose showed no significant 
difference. Lactate was significantly higher both 6 and 72 hours after exposure but did not vary significantly with distance 
from exposure. In muscle tissue, AMP did not vary between trials; ADP was higher 6 hours after exposure and still higher 
72 after exposure at all distances; ATP decreased significantly after exposure; and AEC values did not change 
significantly. In liver tissue, variation in adenylates was more consistent and was always significant (p < 0.05). AMP and 
ADP values decreased during the 72 hours, while ATP and AEC values recovered to pre-exposure levels within 72 hours. 
cAMP levels showed similar patterns in liver and muscle, with significant increases (more than 50%) at 72 hours after 
exposure. Increases appeared to correlate positively with distance. 

Conclusions of Report  

Exposure to a seismic source was found to generate a biochemical stress response in captive sea bass. Results indicated 
a typical primary and secondary stress response upon exposure to airgun impulses; however, rapid recovery was 
observed within 72 hours and no mortalities were reported. Macroscopic effects on skeletal apparatus were not 
observed.  

 
Related Papers  

 
La Bella et al. (1996)  
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Skalski, J.R., Pearson, W.H., and Malme, C.I. 1992. Effects of sounds from a geophysical survey device on catch-per-unit-effort in a hock-and-line 
fishery for rockfish (Sebastes spp.). Canadian Journal of Fisheries and Aquatic Sciences 49:1357-1365.  

Study Information  
 

Study Type  Experimental  

Purpose  
To examine the effect of sound from an airgun on the commercial hook-and-line fishery for rockfish along the California 
coast.  

Species  
Rockfish: chilipepper (Sebastes goodei), bocaccio (S. paucispinis), yellowtail (S. flavidus), vermilion (S. miniatus), and 
greenspotted (S. chlorostictus).  

Location  Off California coast  

Timing  Jul 19 – Aug 3, 1986  

Conditions  
Sheltered bay of 14m water depth, soft bottom of fine sand and silt.  

 
Methodology   

Experimental Design  

17 preliminary fishing surveys were conducted on separate rockfish aggregations to select a standard unit of effort and 
estimate associated variance for sample size calculations. A standard unit of effort was set at 3 setline deployments with 
bottom times of 20 min. In the field experiment, a ship with airgun traversed the study area either firing the airgun so 
that a noise level above 180 dB would reach the base of the rockfish pinnacle or firing a bubble source that produced 
negligible sound levels (control trial) to eliminate bias from fishing vessel operators. The seismic vessel then circled 165 
m from the study area to provide continuous sound exposure while the fishing vessel deployed a set line (80 hooks 
baited with mackerel), did three echosounder transects and then deployed two more set lines for 20 min each. Each 
experiment lasted 1:25 hours. All trials were restricted to rockfish aggregations on rock pinnacles at depths between 82.3 
and 182.9m. On recovery of the setlines, the catch was examined and the species and size of each fish was recorded by 
hook number. Fish were sorted by market value and weighed on a deck scale upon completion of each trial.  
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Analysis  Covariance analysis was used to analyze the total catch of all rockfish and the catches of the five most abundant species.  

Exposure Regime  
 

Source  

 

# airguns: 1  shot interval: 10 sec  

total volume: 100 cui 
(4500 psi)  

source level: 223 dBo-p @ 1m  

Distance to Source  82-183m  

Received Levels  186-191 dB peak pressure at base of rockfish aggregation (measured).  

Exposure Duration  
1 hr 25 min.  

 
Results   

Behavioural  

The mean change in aggregation height was significantly different between control and emission trials after adjustment 
for species composition. Under control conditions, there was no tendency for change in height when aggregations were 
composed of demersal species (e.g. vermilion rockfish). As the proportion of pelagic species (e.g. chilipepper) increased, 
the aggregation height increased by 24% between preoperational and operational phases of fishing. During emission 
trials, there was an overall decrease in aggregation height irrespective of species composition. With all demersal species, 
the height decreased by 26% between phases. With all pelagics, height decreased by 8% between phases.  

Fisheries-related  

A significant decline (52.4%, α = 0.016) in mean total catch of rockfish was found under emission conditions after 
adjustment to a common depth. At a depth of 109.7 m, control trials had a mean catch of 34 fish while emission trials 
had a mean catch of 16 fish. For the five most abundant fish, 3 species (chilipepper, bocaccio and greenspotted rockfish) 
showed significant declines in catch during emission trials after adjustment to a common depth.  

After adjustment to an average mean depth of 109.7 m, control trials had an average cash value of $51.33 while 
emission trials yielded a mean cash value of $25.78. This difference represents a decline of 49.8%.  

Conclusions of Report   
Sound exposure from a seismic survey may result in changes to rockfish behaviour and catchability. The potential effects 



 

 

158 

on rockfish catchability from detailed (3D) seismic surveys with close tracklines warrant concern.  

 
Related Papers  

 
Pearson et al. (1987, 1992)  

 

Slotte, A., Hansen, K., Dalen, J. and One, E. 2004. Acoustic mapping of pelagic fish distribution and abundance in relation to a seismic shooting area 
off the Norwegian west coast. Fish. Res. 67:143-150.  

Study Information  
 

Study Type  Experimental  

Purpose  
To map the pelagic fish distribution and abundance within Ringhorne Dome and surrounding waters, and to investigate 
whether or not a seismic survey had any effect on fish distribution and abundance.  

 
Species  

Herring (Clupea harengus), blue whiting (Micromesistius poutassou) and mesopelagics  

 
Location  

Ringhorne Dome, Norwegian Sea  

 
Timing  

 

April 1999  

Conditions  Herring and blue whiting engaged in a large-scale feeding migration. Water depth not provided.  

Methodology  

 
 

Experimental Design  

 

Pelagic fish within seismic area and surrounding waters up to 30-50 km away were mapped with a 38 kHz echo sounder, 
connected to the Bergen Echo Integrator Postprocessing System (BEI). Acoustic surveys took place during the seismic 
program, generally in periods when airguns were not active. Acoustic surveys were not conducted prior to the seismic 
program.  
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Analysis  
Anova was used to test for effect of area as an independent factor on acoustic abundance. Scheffe’s test was used to 
determine significant differences between group means. A simple t-test was used to test for differences between 
recordings before and after exposure. Herring were excluded from analysis due to low numbers.  

Exposure Regime  
 

Source  

 

# airguns: 2 x 20  shot interval: 25 m  

total volume: 2 x 3090 cui  source level: 222.6 dBp-p @ 1m  

Distance to Source  < 50 km  

Received Levels  Not measured. 197 dB at 20m, 189 dB at 50m assuming spherical spreading.  

Exposure Duration  
12 days of active surveying spread over a month.  

 
Results   

Behavioural  

No convincing evidence of short-term scaring effects on the horizontal scale. Blue whiting and mesopelagics were found 
in deeper waters during seismic exposure compared to periods without shooting (20 and 50 m deeper respectively), 
indicating vertical movement as a short-term reaction. Average density of fish was lower in seismic survey area, with 
increasing abundance at distance. Fish density appeared higher at about 37 km (20 nm) from center of survey area. This 
may be evidence of long-term effects or may be related to other factors.  

 
Conclusions of Report  

 
This study emphasizes the importance of further studies on the effects of seismic noise on fish behaviour. However, 
future studies should be designed to distinguish between possible effects of a seismic source and other variables such as 
temperature, salinity, currents and food availability. While results are inconclusive, the present findings do support the 
use of management actions to restrict seismic surveying close to spawning grounds and over well- established migration 
routes to spawning grounds.  
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Wardle, C.S., Carter, T.J., Urquhart, G.G., and Johnstone, A.D.F. 2001. Effects of seismic air guns on marine fish. Cont. Shelf Res. 21:1005-1027. [also 
reported in Wardle and Carter 1998]  

Study Information  
 

Study Type  Experimental  

Purpose  To investigate the effects of an airgun on the behaviour of reef fish.  

Species  Pollock (Pollachius virens)  

Location  Firemore Bay in Loch Ewe, Scotland  

Timing  Aug 19-23, 1998  

Conditions  
Isolated underwater reef rising ~7m; water depth of 10-20m.  

 
Methodology  

 

 

Experimental Design  

 

Fish were caught on and around Fish Rock with a barbless hook and line. Five fish were selected for tagging with an 
acoustic pinger. Each fish was measured, tagged, and then released at the capture site. The position of each fish was 
monitored using a fixed array of seven hydrophones separated by 100 m. Of the five fish that were tracked for a period 
of up to 18 days, only two remained close enough to provide useful results. An underwater video camera (equipped with 
floodlight) was also positioned on the sea bed at the north-east edge of Fish Rock and continuous recordings were made 
over a two-week period. An airgun was deployed after 9 days of observations and was fired intermittently over a period 
of 4 days. During firing of airgun, the camera was switched from time-lapse to real-time to monitor behaviour. A 
broadband hydrophone was positioned near the camera to record received sound levels. The airgun was fired at various 
distances (109, 90, 16 and 5.3 m) from the video camera.  

Analysis  Positions of tagged pollock were superimposed on a map of the reef and calculations were made of distance from 
source over time. Videotapes were analysed to provide fish abundance and activity within the field of view. 
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Observations of small, medium and large gadoids were grouped into 30 min bins, as were observations of “other fish”, 
and an index of abundance for each bin was plotted over time. No statistical analysis of results is reported.  

Exposure Regime  
 

Source  

 

# airguns: 3  shot interval: variable  

total volume: 450 cui 
(2000 psi)  

source level: Not provided.  

Distance to Source  > 5.3m  

Received Levels  195-218 dB at TV (218 dB at 5.3m, 210 dB at 16m and 195 dB at 109m).  

Exposure Duration  
Airgun fired once per minute for 8 periods, ~300 shots over 4 days.  

 
Results   

Behavioural  

Tagging: Two tagged pollock did not move away from reef and firing of airguns did not affect diurnal rhythm. Long-term 
day-to-night movements of 2 pollock were changed by exposure to airguns - one more than other.  

TV Observation: Fish showed c-start reaction to all shots (195-218 dB). When visible, fish fled from source. When not 
visible, fish would carry on with activity, often continuing toward source.  

 

Conclusions of Report  

Airgun impulses generated in this study were sufficient to cause an alarm response in fish (C-start) but did not chase fish 
away or change their overall swimming behaviour. This response may have been influenced by the stationary nature of 
the sound source and the fact that it was not accompanied by other directional sound sources, such as vessel-generated 
noise. An airgun impulse on its own may not be sufficient to allow for a directional response of fish. It is also possible 
that this sound source was not of sufficient irritation to cause this resident population of fish to leave their reef.  

 
Related Papers  

 
Wardle and Carter (1998)  
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Appendix 3. Summary of studies on effects of seismic airguns on invertebrates 
 

 
Norris and Møhl (1983)*  

Where  Not mentioned  

 When   Not mentioned  

 Species   Alloteuthis subulata, Loligo vulgaris  

 Study Type   Experimental (Direct shooting on the animals)  

Sound Characteristics  

Source Type  

Source Levels  

Exposure Levels  

Exposure Duration  

 

Not mentioned  

Up to 260 dB re 1μPa  

Not mentioned  

Not mentioned  

Experimental Design  

Significance  

17 trials on Alloteuthis subulata (mantle length 4 cm) exposing up to 260 dB re 1μPa high rise-time shocks, and 5 
trials on Loligo vulgaris (mantle length 18-27 cm).  

Not mentioned  

Effects Physical Behavioral   
Alloteuthis subulata showed short-term tolerance, but Loligo vulagrais were fatally injured by peak pressures of 246-
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Physiological  

 

252 dB re 1μPa and died within 3-11 minutes after being exposed to the sound noise.  

Not studied  

* B. Møhl, K.S. Norris, P. Norris and K.J. Staehr, MS  

 

 

 
Kosheleva (1992)  

Where  Ura Gaba Inlet, Barents Sea  

 When   1989 and 1990  

 Species   Mytilus edulis, Gammarus locusta  

 
Study Type  

 
Experimental (Direct shooting on the animals)  

Sound Characteristics  

Source Type  

Source Levels  

Exposure Levels  

Exposure Duration  

Single air gun of 60-180 in
3 

(1000-3000 cm
3

) and arrays of these airguns with source levels of 220-240 dB re 1μPa.m 

0-P  

Up to 220 dB re 1μPa*
1
  

Not mentioned  

Experimental Design  

 

Significance  

The test organisms were suspended in cages at three specific distances from the gun mouths- at 0.5, 1.0 and 2.0 m. 
The control group was also examined. 18 series of exposure to the shock waves created by air pulses were 
conducted, and each was followed by test for signs of impacts, starting with visual observation for outward signs of 
injury and changes of behavior and concluding with the killing of the specimens and exhaustive physiological 
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examination.  

No results of physiological test mentioned. No statistical test was done. The control group was set.  

 
Effects  

Physical  

Behavioural  

Physiological  

 

Tests on gastropods were not successful*
2

, but no apparent impact was observed on benthos (mollusks and 
crustaceans) at the distance of 0.5 m  

 

Not mentioned. 

*
1 

From Hirst and Rodhouse (2000), *
2 

From Dalen (1994)  

 

 
Matishov (1992)  

Where  Barents Sea  

 When   1989  

 Species   Chlamys icelandicus, Seaurchins  

 Study Type   Experimental (Direct shooting on the animals)  

Sound Characteristics  

Source Type  

Source Levels  

Exposure Levels  

Single air-gun  

Source level of 223 dB re 1μPa*  

Received level of 217 dB re 1μPa*  

Not mentioned  
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Exposure Duration  

Experimental Design  

Significance  

Caged animals were exposed to an airgun fired once at the distance of 2 meters. 

No control was set. No statistical test made. The sample number is low (3) in Iceland scallop and no mention of 
the number of sample for sea urchin. Not useful for the assessment of impact.  

 
Effects Physical  

Behavioural  

Physiological  

 

 
The shell of one of three mollusks (Iceland scallop) split and 15% of the spines in sea urchins fell off. 

Not studied  

Not studied  

* from Anonymous (2002b)  

 

 
Webb and Kempf (1998)  

Where  Wadden Sea  

 When   1996-97  

 Species   Crangon crangon  

 Study Type   Observations  

Sound Characteristics  

Source Type  

Source Levels  

Array of 15 air-guns with a total volume of 480 in
3 

operating at a pressure of 2000 psi 

230 dB re 1μPa at 1 m to 250 dB re 1μPa at 1 m for a single air-gun and an array, respectively. 

190dB re 1μPa at 1 m in 2m water depth. 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Exposure Levels Exposure  

Duration  

Firing once every 12-17 seconds (ca. every 25 m)  

Experimental Design  

Significance  

Aiming to update some of the misconceptions concerning the impacts of shallow-water seismic operations on 
sand shrimp. Underwater sound was monitored using hydrophones and associated equipment taken over 
ranges from 65 m to 4500 m. No detailed sampling protocol.  

No control group used. No detailed results and no statistical tests shown. Not useful for assessing the impact 
on sand shrimp.  

Effects  

Physical  

Behavioral  

Physiological  

 

 
No mortality found. 

No evidence of reduced catch rates  

Not studied  

 

 

 
McCauley et al. (2000a)  

Where  Jervoise Bay, South of Fremantle, Australia  

When  July 1997 and April 1998  

Species  Sepioteuthis australis  

Study Type  Experimental (caged animals)  

Sound Characteristics  

Source Type  

One Bolt 600B air-gun with 20in
3 

chamber  

Gas pressure of 10-11 MPa (1500-1600 psi) 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Source Levels  

Exposure Levels  

Exposure Duration  

139 to 184 dB re 1μPa  

Between 22 and 61 minutes for each continual set of airgun shots (sudden nearby startup and ramped up 
approach)  

Experimental Design  

 

 

 

 

 

 

 

 

 

 

Conditions  

Three trials were carried out primarily to gauge behavioral effects to nearby airgun operations. Trial design: 1) 
12 squids (mean size at 166 ± 23 mm and acclimated for 7-18 days prior to the testing) and 2 cuttlefish (no size 
information acclimated for 16 days) were placed in fixed floating pens (6 x 6 x 3 m) and exposed to an air-gun 
operated from a morred pontoon 10-30m off the sea cage (2 tests). Air-gun pressure raised or dropped 
accordingly (exposure duration of 59m50s and 1h01m30s separated by 1h26m25s). 2) For a greater dynamic 
range, 19 squids (mean size at 185 ± 14 mm acclimated for 7-10 days) were placed in fixed floating pens (10 x 6 x 
3 m) and exposed to an air-gun operated from a towed pontoon. Approach-departure was achieved by towing 
the air-gun pontoon towards and away from the sea cage from normally 350-450 m start range to 5-15 m 
closest approach (exposure duration of 48m41s and 22m04s separated by 1h02m32s). 3) Squids (same samples) 
from trial 2 were exposed again four days later by the towed pontoon (exposure duration of 46m48s and 
39m13s separated by 1h11m52s).  

For the trial 2 and 3, alarm responses in the form of squid jetting away from the airgun source and 
corresponding with airgun shot. The number of these observations was used to estimate the difference ratio (d). 
The count of startle or response period above threshold (sp) /total behavioral count period for air-gun threshold 

periods (Sp) minus the similar ratio (sn/Sn) for periods with no air-gun operation (i.e., d=sp/Sp - sn/Sn).  

Water temperature in Jervoise Bay ranged from 16-20°C (second and third experiments), and from 21-23°C (first 
experiment) in Exmouth Gulf. Water depth in Jervoise Bay was 9m with a fine, muddy bottom, and 10 m in 
Exmouth Gulf.  

 
 

Significance  
 
Mean difference ratios were compared with expected ratio (zero or the same as measured in control periods) 
using a t-test gave a significant results for each trial and trials #1 and 2 combined with p<0.005.  

Effects   
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Behavioral  

 

 

 

Physiological  

Strong startle (ink sac fire) to first start up at received airgun level of 163 dB re 1μPa
2

.s, but not observed for 
similar or greater levels if signal ramped up. Increasing proportion of startle response (jetting away from airgun 

shot) recorded as airgun signal increased with effect most noticeable above 145-150 dB re 1μPa
2

.s. Possible 
trend to move towards water surface (lower air-gun signal zone) as air-gun approached. Evidence of increased 

swimming speed as air-gun approaches then slow down at air-gun signals greater or equal to 155 dB re 1μPa
2

.s 

No pathological examination of preserved squid statocyst systems has been made but there is a possible 
pathological damage of the statocyst organ.  

 

 
Christian et al. (2003)  

Where  Conception Bay, Newfoundland, Canada  

 When   Fall 2002  

 
Species  

 
Chionoecetes opilio  

 Study Type   Experimental (Shooting on caged animals), Monitoring of catch rates  

Sound Characteristics  

Source Type  

Source Levels  

Exposure Levels  

 

 

Exposure Duration  

Two 10-in
3 

sleeve air-guns were used (one 20-in
3 

gun and four 40-in
3 

guns) either singly (40-in
3

) or combined 

in array of seven guns (200- in
3

). Guns are set at 2 meters below the surface of the water and fired 200 times 
at 10-second intervals.  

Exposure levels from 40-in
3 

gun: Peak received broadband sound levels of 201-227 dB re 1μ Pa and energy 

density of 183-187 dB re 1μ Pa
2

/Hz at frequencies between 24 and 31 Hz. Exposure levels from the 200-in
3 

array: 197-237 dB re 1μ Pa and a maximum energy density of 175 dB re 1 Pa
2

/Hz within the 17 to 19 Hz 
frequency range.  
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2-292 hours for catchability study, 33 minutes for crab health study  

Experimental Design  

Catchability study: 7 sets of 40 traps (conventional with 14-cm mesh and modified types with 5-cm mesh) 
were made for pre-seismic shooting period, and 6 sets were used for post-shooting period by using squid as 

bait.Fishing grounds at depths ranging 165-175 m were exposed to shots with a 7- gun array (200 in
3

) with the 
total number of shots varying from 200 to 1000 with total exposure duration varied between 2 and 292 hours. 
Crabs were counted, measured and categorized into four groups based on carapace width. Crab behavior 

study: six crabs were tagged with acoustic transmitter and they were manually tracked during the test. Video 
camera was also used to observe potential startle behavior of crabs deployed in cages, first in the water 

column and then on the bottom in 50-m water. Crab health study: exposing caged 92 crabs to either the 

single 40-in
3 

gun at 2, 10, 15 m water depths or the 200-in
3 

array at 4, 50, 85 or 170-m water depths. Each 
exposure consisted of 200 air gun shots fired at a rate of one every 10 seconds for a total exposure of 33 
minutes. A control group of the same number (92) was handled in a similar manner without seismic air- gun 
shooting. Crabs were sampled for haemolymph, hepatopancreas, heart, statocyst, green glands, brains, gills 
and gonads. Haemolymph was analyzed for relative concentration of total dissolved substance in serum, serum 
protein, serum enzyme activity screening and haematocyte type.  

 

 
 

 

Significance  

 

 
Egg study: One batch of eggs c.a. 4000 at the same embryonic development stage were divided into two groups 

and handled in an identical manner. One group was exposed to 200 shots with the 40-in
3 

gun at a distance of 2 
meters. Eggs were held in aquarium for 12 weeks before examination.  

For the health examination study, the results were subjected to statistical analyses (unpaired t-test or Mann-
Whitney Rank Sum test).  

Effects  

Physical  

Behavioral  

No crab was died during the experiments. In some cases, animals seemed more energetic immediately after 
exposure than the control animals.  

Crabs being exposed to the 200-in
3 

array being fired 50 m above them showed no readily visible reaction (no 
mention of water column observations). Six acoustic tagged crabs were remained with a 200-m radius of the 
range of hydrophone 48 hours after shooting. The tagged crab did not undergo any large-scale movements out 
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Physiological  

of the area.  

The results of catchability study showed that post-seismic catches were higher than pre-seismic catches. The 
authors concluded that this was likely due to physical, biological, or behavioral factors unrelated to the seismic 
source and concluded that there was no significant relationship between catch and distance from the seismic 
source.  

There were no seismic effects on the health of the snow crab based on the biological, chemical and biochemical 
analyses subjected to statistical analyses. Eggs were exposed to high levels of sound (221 dB at 2-m depth), their 
development may retard.  

 

 

 

 
Guerra et al. (2004)  

Where  North-eastern Atlantic (Biscay Bay)  

 When   2001 and 2003  

 Species   Architeuthis dux  

 Study Type   Field and laboratory observations (Post-seismic incidences of stranding and surface-floating of 9 specimens)  

Sound Characteristics  

Source Type  

Source Levels  

Exposure Levels  

 Air gun arrays low frequency (100 Hz) and 200 dB  

Not mentioned  

Not mentioned  
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Exposure Duration  

Experimental Design  

Significance  

 No pre-experimental designs  

No statistical test done  

Effects  
Physical  
 

Behavioural  

Physiological  

 

Acute tissue damage in the stranded and surface-floating giant squids (injuries in the mantle tissues, damages 
in the circular and radial muscle fibres of the mantle, Damages in the internal organs (digestive organ, Stomach 
wall, Layers of columnar epithelium of branchial heart, Bruised gills and ovaries, statocysts damage.  

 

Not studied  

 

 

 
Steffe and Murphy (1992)  

Where  Off Newcastle, Australia  

 When   August 1991  

 Species   Penaeus plebejus  

 Study Type   Monitoring (pre- and post-seismic comparison of commercial trawl catches)  

Sound Characteristics  

Source Type  

Source Levels  

 Not mentioned  

Not mentioned  

Not mentioned  
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Exposure Levels  

Exposure Duration  

Not mentioned  

 

Experimental Design  

 

 

Significance  

 The seismic exploration could impact upon the king prawn catches during the survey period. (Depth of the 

fishing ground is not mentioned). Monitoring of the daily catch data for selected commercial fishermen (11 
out of 288) between May and November 1991 (the seismic survey was conducted August 7 and 11 inclusive). 
The results were compared to the mean catch rates of the past six years from May to November.  

No statistical test done  

Effects  
Physical  
 

Behavioural  

 

Physiological  

 

Not mentioned  

A declining trend in catches during the post-seismic survey period in 1991 is comparable to the catch rate 
reductions during the same period between 1985 and 1990. Any environmental impact must be large for it to 
be detected using fishery data alone. The authors were not be able to detect any impact on offshore prawn 
catches that could be due to the seismic survey, although it is possible that impacts may have occurred but 
could not be detected.  

Not studied  

 

 

 
La Bella et al. (1996)  

Where  Central Adriatic Sea  

 When   Summer 1995  

 Species   Nephrops norvegicus, Squilla mantis, Paphia aurea, Anadara inaequivalvis, Bolinus brandaris, Illex coindetti  
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 Study Type   Monitoring (pre- and post-seismic shooting catch comparison)  

Sound Characteristics  

Source Type  

Source Levels  

Exposure Levels  

Exposure Duration  

 

One air gun array composed of two sub-arrays and consisting of 8 airguns each developing a total volume of 

c.a. 25000 in
3 

at 2000 psi with an amplitude of 60 bar/m.  

210 dB re 1μPa@1m*  

≤ 147 dB re 1μPa@ fish location*  

For Norway lobster and squid, 6 profiles totalling 111.3 km were covered by 10-12 hours of firing with 25 

second intervals of shooting. At water depths of 70-75 m. For mantis shrimp and mollusks, 6 profiles totalling 
42.82 km were covered by 3.9-4.6 hours of firing with 25 second intervals of shooting. at water depth of 15 m.  

Experimental Design  

 

 

Significance  

 Pre- and post catch rate comparisons by using trawl net (Norway lobster, squid), gillnets (Mantis shrimp) and 
hydraulic clam dredge (mollusks). Catch rates of crustaceans and mollusks are affected by seismic shooting. 
Two sub-arrays of 16 Bolt guns were towed at 5-6 knots at a depth of 6.5 m. Total of 8 trawl stations (4 in 
daytime, 4 in night) for Norway lobsters and squid, 14 stations for clam dredge for bivalves and gastropod, and 
two sets of gillnets (total 3200 m) for mantis shrimp, bivalves and gastropod were visited before and after the 
seismic testing. A comparative analysis of the hydrocortisone, glucose and lactate level was conducted in 
hepatopancreas and muscle of a bivalve Paphia aurea from seismic testing and control sites.  

Pre- and post catch rates were compared by ANOVA test for Trawl (N.n, F=0.0004, I.c., F=0.234), Gill net (S.m., 
F=3.80, B.b., F=15.14,), and Dredge (P.a., F=0.114, with vacant shell, F=1.822; A.i., F=0.549, B.b., F=2.216). Size 

frequency distributions were tested for N. norvegicus with Kolmogorov test males: D=0.048, χ
2

=1.534, 

Females: D=0.071, χ
2

=2.557). 

Effects  
Physical  
Behavioural  

 

 No significant catch reductions and size difference in N. norvegicus. No significant catch reduction in I. 
coindetti. No difference in P. aurea, A. inaequivalvis and B. brandaris caught by hydraulic dredge. Gillnet catch 
of S. mantis was not significantly different but Bolinus brandaris was significantly different before and after the 

seismic survey (F=15.14) by gill net.  

Hydrocortisone, glucose and lactate levels between test and control animals were significantly different (P > 



 

 

174 

Physiological  

 

0.05) in bivalve (P. aurea) showing an evidence of stress caused by acoustic noise.  

Source: Moriyasu, M., et. al., 2004. 



 

Appendix 4: Norwegian guide on implementation of seismic surveys 

 

 
 
Guide. Implementation of seismic surveys on the Norwegian Continental Shelf 
 
1. Introduction  
 
The petroleum and fishing industries are two important industries for Norway. Both generate large 
revenues and create many jobs. Ever since the dawn of Norway's petroleum industry in the late 1960s, it 
has been an important goal for the government to ensure sound coexistence, where both industries can 
thrive. Norway's parliament, the Storting, has stated on many occasions that we want and need both 
industries.  
 
Our purpose in publishing this guide is to explain the significance of the two industries, and describe the 
legislation applying to seismic surveys. We expect the petroleum and fishing industries to do their best to 
follow up the authorities’ intentions with regard to facilitating sound coexistence. Respect for the work of 
each other and the right to work on the Norwegian Continental Shelf is a prerequisite for good 
cooperation. We believe better coordination of the individual players' planning of activities in the various 
ocean areas will expand the basis for coexistence.  
 
Coexistence means that both industries adapt to each other, and experience shows that fisheries and 
petroleum activities can coexist at sea. Coexistence has not been without problems, but with assistance 
from the Government the industries have mostly arrived at amicable solutions.  
 
In recent years, the scale of seismic surveys on the Norwegian Continental Shelf has increased and new 
players have emerged. New and improved seismic data has been crucial for the detection of several of the 
major discoveries made on the Norwegian Shelf in the last few years, enabling good development solutions 
for discoveries and increasing recovery from existing fields. However, the increased scale of seismic 
surveys has also led to several cases of conflicting interests between fishing and seismic vessels. The 
authorities have consequently implemented a number of changes in the regulations to improve 
coexistence in the sea. The arrangement of having a fishery expert onboard seismic vessels has been 
improved and tracking of seismic vessels is required. Moreover, the two industries have established several 
arenas for systematic dialogue, contributing to the exchange of information and providing a better basis 
for coexistence.  
 
We want this guide to help increase understanding between the parties and help clarify the rules and 
procedures that apply. We also hope that we can contribute to the necessary understanding that there 
must be room for both of these vital industries. In particular, we believe the guide makes it clear that 
Norway has a system and regulations that govern both the fisheries and the petroleum activities. Greater 
understanding of how the two industries can work together and affect each other is a prerequisite for 
acceptance of the industries' needs, which will facilitate better co-existence.  
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The production of petroleum and fisheries generate large revenues for the Norwegian society. With 
knowledge, good planning and not least dialogue, these industries can continue their coexistence at sea in 
the future.  
 
 
2. Overview of relevant authorities and organisations  
 
2.1 Authorities  
 
2.1.1 Ministry of Petroleum and Energy  
 
The Ministry of Petroleum and Energy (MPE) shall facilitate sound and efficient management of petroleum 
resources and creation of value from Norway's oil and gas resources. 
 
2.1.2 Ministry of Fisheries and Coastal Affairs  
 
The Ministry of Fisheries and Coastal Affairs (MFCA) is responsible for the management of living marine 
resources, aquaculture, maritime safety and emergency preparedness including the State's emergency 
preparedness against oil spills.  
 
2.1.3 Norwegian Petroleum Directorate  
 
The Norwegian Petroleum Directorate (NPD) is a specialist agency under the Ministry of Petroleum and 
Energy. The NPD coordinates the notifications to be sent to the authorities in connection with seismic 
surveys. Courses for fishery experts are organised by the Norwegian Petroleum Directorate in collaboration 
with the Directorate of Fisheries, Institute of Marine Research and the Coast Guard.  
 
2.1.4 Directorate of Fisheries  
 
The Directorate of Fisheries is a specialist agency under the Ministry of Fisheries and Coastal Affairs, with 
responsibility for day-to-day fisheries management. It provides advice and assesses fishing activities in 
areas where seismic surveys are planned and reported. The Directorate of Fisheries assists the NPD in the 
qualification process for fishery experts.  
 
2.1.5 Institute of Marine Research  
 
The Institute of Marine Research (IMR) is an advisory research institute under the Ministry of Fisheries and 
Coastal Affairs. The Institute is the largest marine biological institute in Northern Europe, has extensive 
knowledge of Norwegian waters and is a key adviser on the impact of sound from seismic surveys on living 
marine resources.  
 
2.1.6 Norwegian Coast Guard  
 
The Coast Guard is part of the Navy. The Coast Guard is the State's main enforcement authority at sea and 
carries out its work throughout Norway's maritime area of responsibility.  
 
The Directorate of Fisheries, the Coast Guard and the NPD have a joint cooperation agreement. Through 
the cooperation agreement, the authorities intend to ensure that fishery experts on board seismic vessels 
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and any other parties will receive round-the-clock assistance from the authorities in the event of incidents 
and for other reasons.  
 
The Coast Guard is the primary contact of the fishery expert. Fishery experts shall at all times be able to 
contact the authorities through the Coast Guard.  
 
2.2 Organisations  
 
2.2.1 Norwegian Fisherman's Association  
 
Norwegian Fishermen's Association is both a trade union and trade organisation for Norwegian fishermen. 
The Association organises individual fishermen working alone, fishing boat crew members and fishing 
vessel owners and is thus an association both for what in other industries would be called employees and 
employers, as well as sole proprietorships. The Norwegian Fishermen's Association is a politically 
independent, professional national organisation based on voluntary membership of fishermen through 
county fishermen's associations and professional group organisations. Today, the Norwegian Fishermen's 
Association has roughly 5,700 members spread across the country.  
 
2.2.2 Norwegian Coastal Fishermen's Association  
 
The Norwegian Coastal Fishermen's Association is an independent, democratic and politically independent 
trade union for Norwegian coastal fishermen. The organisation offers membership to crew and vessel 
owners in the coastal fleet. The Norwegian Coastal Fishermen's Association organises around 1,000 
members spread across the country and has a number of local chapters along the coast. Almost 600 
coastal fishing vessels are currently affiliated with the organisation.  
 
2.2.3 Pelagic Association  
 
The Pelagic Association is a professional organisation for fishing vessel companies. The members mainly 
have rights to fish for pelagic fish. The Association's purpose is to promote the common economic, 
professional and social interests of its members. Its members' fleet consists of purse seiners, pelagic 
trawlers and coastal seiners.  
 
2.2.4 Norwegian Oil and Gas Association  
 
The Norwegian Oil and Gas Association is a professional body and employers' association for oil and supply 
companies engaged in the exploration and production of oil and gas on the Norwegian Continental Shelf. 
The Norwegian Oil and Gas Association has published Recommended guidelines for coexistence with the 
fisheries sector when conducting seismic surveys.  
 
2.2.5 International Association of Geophysical Contractors (IAGC)  
 
Professional body for companies providing geophysical services, including seismic services. In cooperation 
with the Norwegian Oil and Gas Association, the IAGC has published Recommended guidelines for 
Coexistence with the fisheries sector when conducting seismic surveys. 
 
 
3 Acquisition of seismic data  
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Seismic surveys are the main source of mapping and geological understanding of the subsurface. While 
seismic data is essential for discovering oil and gas, is also makes it possible to extract more oil and gas 
from producing fields. Seismic data is therefore acquired in different phases of the petroleum operations. 
The use of seismic data and further development of seismic methods have been and are still important for 
the development of the Norwegian petroleum industry. New and better data and new tools for 
interpreting the data have made it possible to identify new major discoveries such as Johan Sverdrup and 
Johan Castberg, and increase recovery from fields such as Gullfaks and Draugen. 
 
3.1 What is a seismic survey?  
 
A seismic survey is a geophysical survey method used to map the geology of the subsurface. The main 
purpose of this type of survey is to identify potential petroleum traps (locations in the subsurface where 
petroleum can be found). An image of the subsurface can be obtained by using seismic data. Geologists use 
these data to interpret the subsurface to identify areas where petroleum may have accumulated.  
 
Briefly described, low-frequency sound waves are transmitted from a source on the surface of the sea 
down into the subsurface. The sound waves are reflected between the geological layers in the subsurface, 
where the various layers reflect the sounds differently. These reflections of sound waves are then captured 
by receivers usually towed just below the sea surface behind the seismic vessel. The raw data is then 
processed by computers to produce images of the subsurface that geologists can interpret to gain better 
knowledge of the subsurface, including oil and gas deposits.  
The following is a brief description of the different types of seismic data. 2D and 3D seismics are 
particularly important for the exploration for oil and gas, while other forms are particularly relevant for the 
development and operation of fields.  
 
3.1.1 2D seismics  
 
When acquiring 2D seismic data, a single hydrophone cable (streamer) is towed behind the vessel. The 
streamer is usually between three to eight kilometres long, providing a two-dimensional cross-section of 
the subsurface.  
 
3.1.2 3D seismics  
 
During 3D acquisition, several parallel streamers are towed behind the vessel, making it possible to 
produce images of the subsurface in three dimensions. A seismic survey vessel that acquires seismic data 
will have diminished manoeuvring capacity due to the number of streamers (up to 16) towed behind the 
vessel combined with the fact that they are usually three to eight kilometres long.  
 
3.1.3 4D seismics  
 
4D seismics are 3D surveys that are repeated with a certain time interval. The fourth dimension is thus 
time. 4D seismics are used to track changes in the reservoir over time. Data from such seismic data 
provides information on local pressure changes and changes in the saturation of oil, water and gas, 
respectively, in the reservoir. This information will be used to find the best targets for new production and 
injection wells and to optimise injection and production to/from different zones for optimal recovery from 
the field.  
 
3.1.4 OBS (Ocean Bottom Seismic)  
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OBS is used to improve data quality and confirm findings from earlier measurements. In this case, no 
sensors in streamers are towed behind vessels. Instead, the sensors and cables are placed on the seabed. 
The advantage of this method is that you get a better and more accurate signal from difficult and complex 
structures.  
 
This acquisition method is thus less demanding in terms of area during the actual acquisition phase. 
However, there will be a deployment and removal phase for the cables.  
 
3.1.5 Permanent reservoir monitoring  
 
In the past few years a new type of technology has been developed for 4D seismics based on burying 
cables with sensors permanently in the seabed, and only using vessels to tow the signal source during 
acquisition. This technology provides seismic data with better quality and better repeatability than 
ordinary data acquisition because the sensors are buried and firmly in place. In addition, this method is 
relatively independent of weather conditions. Such technology is often described as "Permanent Reservoir 
Monitoring - PRM". 
 
3.2 When are seismic surveys conducted?  
 
3.2.1 General Shelf mapping  
 
The authorities carry out seismic surveys to conduct a geological survey of the Norwegian Continental 
Shelf. The purpose of this type of acquisition is to increase knowledge about the potential for oil and gas in 
an area. In connection with the opening of new areas with a view to awarding production licenses, the 
authorities undertake seismic surveys in order to provide a resource estimate.  
 
Prior to the licensing rounds, especially numbered licensing rounds, seismic data is often acquired in the 
areas proposed for announcement. As a rule, these acquisitions are carried out by seismic companies at 
their own risk. The seismic companies sell the acquired seismic data to oil companies that use the 
information in the application process.  
 
3.2.3 Acquisition as part of work obligations  
 
A production licence is usually awarded subject to a mandatory work programme laid down by the MPE. In 
areas with poor or lacking seismic coverage, acquiring seismic data is often a key part of the work 
programme. Such data is a prerequisite for making a rational decision on drilling an exploration well. An 
exploration well costs about NOK 350 million. It is therefore important to have the best possible 
information when a decision is to be made whether, and if so where, to drill an exploration well.  
 
3.2.4 Fields in operation  
 
Seismic data is one of the most important tools for achieving improved recovery from existing fields. An 
increase in the rate of recovery of, for example, one percentage point for fields currently in operation, will 
increase oil production by an estimated 570 million barrels of oil. The seismic data contributes to increased 
understanding of the reservoir and mapping of the movements and changes of the petroleum resources. 
Among others, this enables licensees to optimise the location of production and injection wells.  
 
In high-pressure, high-temperature fields it is, for safety reasons, especially important to have good 
knowledge of the subsurface and reservoir in order to drill the wells in the right location.  
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3.3 Scope of acquisitions  
 
Although the amount of acquired seismic data measured in line-kilometres (cdp-km) has increased 
dramatically in recent years, there has been little increase in sailed kilometres (boat km). This is because 
3D seismic data is acquired with multiple streamers, up to 16 across.  
 
 
 
3.4 Weather conditions and acquisition of seismic data  
 
Weather conditions affect the acquisition of seismic data. Normally, one is dependent on good weather 
and wave heights of less than 2 to 4 metres to ensure a satisfactory quality of the data. If weather 
conditions are poor, the seismic vessel has to wait for better weather. Wave height in particular is an 
important factor in seismic acquisitions, which means that acquisition is halted if the wave height is too 
high. The vulnerability of seismic data acquisition to wave height depends on the water depth of the 
streamers. While acquisition with streamers deeper in the water column is less dependent on wave height, 
deep streamers normally also weaken the quality of the seismic data.  
 
Average weather conditions vary throughout the year, which means that acquisition of seismic data is 
seasonal. In the summer months, lower average wave height and better weather can normally be 
expected, ensuring high acquisition uptime and cost-effective acquisition. Seismic companies often send 
their ships overseas during the winter, due to limited opportunity for seismic acquisitions during the 
season.  
 
4 Fishery activities  
 
Fisheries can be divided into many different types, based on area and time of year, type and size of vessel 
and, not least, the stocks that are fished.  
 
The cases where conflicts have occurred between seismic vessels and fishing vessels largely pertain to 
seasonal fisheries. Typical seasonal fisheries involve harvesting fish concentrated in particular areas at 
particular times, either on spawning grounds, en route to spawning grounds or in concentrated feeding 
areas. Fishing for cod that feed on capelin en route to spawning grounds off the coast of Finnmark is one 
example, while the spring cod fishery in Lofoten is an example of fishing for cod migrating to spawn and on 
spawning grounds. Seasonal fisheries use a variety of different gear and types of vessels, from the smallest 
boats with a single fisherman on board to large ocean-going combined seiner/trawlers.  
 
Norwegian fishing and hunting take place in the Norwegian economic zone, in other countries' zones and 
in international waters. Based on scientific data from the Institute of Marine Research and other national 
marine research institutes, the International Council for the Exploration of the Sea (ICES) undertakes stock 
assessments and provides advice on quotas. The quota advice forms the basis for Norway's annual fisheries 
negotiations with other countries and the national quota allocation.  
 
Annual regulations relating to quota size, allocation between vessel groups, technical aspects, etc. are laid 
down for each fishery and hunting activity. Proposals for regulations are drawn up by the Directorate of 
Fisheries and established by the Ministry of Fisheries and Coastal Affairs. The regulations for most fisheries 
are laid down at the beginning of the year.  
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Norway also hunts some minke whales under catch quotas set by the Ministry of Fisheries and Coastal 
Affairs based on advice from the International Whaling Commission (IWC). Hunting takes place from April 
to August.  
 
By 31 December 2012, Norway had 6,214 fishing vessels registered in the Register of Fishing Vessels. The 
total fishing and hunting volume in 2012 was just over 2.1 million tonnes.  
 
Most fisheries are seasonal. Although the regulations for some species permit fishing year round, fishing is 
generally limited to one or more periods of the year. This is mainly due to the fact that it is only then and 
there that a particular species can be profitably harvested. Fishing can essentially be divided into two 
groups: passive gear fishing and active gear fishing.  
 
Passive or fixed gear is gear where one or both ends are anchored at the sea bottom and marked with 
surface buoys displaying the fishing vessel's registration number. Nets and lines are the most important 
fishing gear in this group. Fishing with such gear takes place both close to the coast with smaller vessels 
and larger vessels at sea. The extent of the gear can vary from chains of nets with a length of 0.5 km to a 
single row of lines of up to 75 km. Such gear is usually set and retrieved once a day.  
 
Active fishing gear is characterised as fishing gear that must seek out fish to catch it. In practice, this means 
that satisfactory stocks of fish must be registered before fishing gear is deployed. The duration of the 
catching operation for gear in this group varies between 1-6 hours. Trawls, purse seines and Danish seines 
are the most important gear in this category.  
 
The Directorate of Fisheries has prepared more detailed information on the various fisheries. This is 
available in Norwegian and English on NPD’s website under seismic: 
http://www.npd.no/en/Topics/Seismic/Description-of- relevant-fishing-gear/ 
 
 
5 How are fish and the fishing industry affected by seismic acquisition?  
 
5.1 How are fish stocks affected by seismic surveys?  
 
The sound waves transmitted through the water during the acquisition of seismic data can affect marine 
organisms directly (physiologically) or indirectly (behavioural influence).  
 
5.1.1 Direct effects - fish, eggs, larvae and fry  
 
Fish exposed to sound waves from seismic acquisition will attempt to swim away from the source. Except 
for the metres closest to the sound source, adult fish are not directly injured by seismic sound waves.  
 
Eggs, larvae and fry do not have the same ability as large fish to escape the sound source. The sound 
energy from seismic activity can injure or kill larvae and fry near (less than five metres) the source by 
causing injuries to hearing and the kidneys, heart and swim bladder. 20 metres away there is very little 
likelihood that fry suffer damage. The natural mortality of larvae and fry is so high that the negative effect 
of seismic activity is small in comparison, and the consequences at the population level are considered 
insignificant and the uncertainty is negligible. On this basis, no restrictions are placed on seismic surveys 
out of consideration to injuries to fish eggs, larvae and fry.  
 
5.1.2 Indirect impact - spawning production  
 

http://www.npd.no/en/Topics/Seismic/Description-of-%20relevant-fishing-gear/
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Fish react to sound in various ways. The weakest form of behavioural response is small changes in 
swimming activity where the fish changes direction and increases swimming speed, while the most 
powerful form of behaviour in response to sound is a quick flight reaction.  
 
The success of spawning could conceivably be affected if, during migration to spawning grounds or during 
spawning, the fish change behaviour due to acquisition of seismic data. The spawning migration pattern 
may change and spawning may be more or less displaced in time and space. Consequently, the larvae may 
miss the time window of optimal biological conditions for survival and growth.  
 
Restrictions on seismic activity have therefore been implemented in areas with important spawning 
grounds and in areas when concentrated spawning migrations take place. Time and area restrictions are 
block specific and are stipulated in the individual licensing round announcements.  
 
5.2 How do seismic surveys affect fishing?  
 
The acquisition of seismic data impacts fisheries both by area use in that seismic vessels use gear in the sea 
that requires a large amount of space and by seismic shooting, which could scare the fish away. 
Consequently, the acquisition of seismic data may in some situations lead to lost catches and catch income 
or increased fishing time and higher operating costs.  
However, some fisheries are more at risk than others; in particular, this applies to small vessels with short 
fishing seasons and a limited action radius.  
 
5.2.1 Startle effect  
 
The issue of how the acquisition of seismic data impacts fish and the practice of fishing has been the 
subject of considerable attention for many years.  
 
An important question with respect to the startle effect on fish is how far away from the sound source the 
effect manifests itself. There is relatively little research on the startle effect. Research reports provide 
different results and are also somewhat contradictory, which has led to affected commercial parties having 
different views on the issue of minimum distance. However, how far and how the sound waves propagate 
depends on the prevailing horizontal and vertical salinity and temperature conditions. These change 
throughout the year and often from region to region. The authorities have therefore not determined a 
general minimum distance between seismic surveys and fishery activities, fish farming and hunting, but the 
regulations contain requirements that vessels carrying out seismic surveys must keep an appropriate 
distance to vessels engaged in fishing and from fixed and floating fishing gear, cf. Chapter 6.4.  
 
Relatively few studies have been carried out on the startle effect, and results vary from species to species. 
For example, the Institute of Marine Research conducted a survey on the Nordkapp bank in 1992, where 
reduced trawl catches were recorded 18 nautical miles from the seismic vessel. In the summer of 2009, the 
Institute of Marine Research conducted a so-called consequential research project in conjunction with 
NPD's acquisition of seismic data outside Lofoten and Vesterålen. The results here showed that fish 
behaviour and catches changed. Catches both increased and decreased depending on the method of 
fishing. There were no reports of any specific distance for the startle effect, but it was significantly less 
than the one observed on the Nordkapp bank. Experiments have also shown that seismic surveys per se do 
not damage marine life if the distance from the sound source is more than 5 metres.  
 
For example, mackerel is a shoal fish that swims relatively high up in the water where it can be caught with 
trolling lines. It is a fast-swimming fish that can easily move away from an area if it is startled.  
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5.2.2 Area occupation  
 
Potential challenges related to the area occupied by the acquisition of seismic data are most relevant for 
the part of the fishing fleet that has a limited action radius and during seasonal fisheries.  
 
The Marine Resources Act and the Petroleum Act and Regulations provide guidelines for the obligation on 
seismic vessels to yield and other factors such as maintaining a safe distance to fixed fishing gear and 
fishing vessels in fisheries. Moreover, the general maritime rules apply, provided that they apply only to 
avoid collision between vessels.  
 
Unlike what is the case for fixed facilities, the Petroleum Regulations do not require a formal safety zone to 
be established around seismic vessels.  
 
 
6 Regulation of seismic activity  
 
A number of measures have been implemented in recent years to reduce the potential for possible 
conflicts between fisheries and seismic surveys. For those cases where losses still occur in the performance 
of fishery activities, a claim for compensation may be submitted, cf. the discussion of the compensation 
scheme in Chapter 10.  
 
6.1 Requirement for authorization 
 
According to the Petroleum Act, none other than the State may conduct petroleum activities without 
authorisation1. This means that anyone who acquires seismic data in connection with petroleum activities 
must be authorised pursuant to the Petroleum Act. Such permission may be either an exploration or a 
production licence2.  
 
A prerequisite for obtaining an exploration or production licence is that the area in question has been 
formally opened for petroleum activities.  
 
6.1.1 Exploration licence3 
 
Exploration licences are awarded by the Norwegian Petroleum Directorate4. An exploration licence entitles 
the holder to explore for petroleum, i.e. geological, petrophysical, geophysical, geochemical and 
geotechnical activities, including shallow drilling, as well as the operation and use of facilities to the extent 
they are used for exploration. The licence is not exclusive. This means that several companies may be 
entitled to conduct surveys in the same area.  
 
An exploration licence may, in principle, include the entire Norwegian Continental Shelf, except for those 
areas that are not opened and areas awarded by production licences5. Licences may be granted for up to 3 
years.  
 
6.1.2 Production licence6  

                                                        
1 Section 1-3 of the Petroleum Act. 
2 Seismic data may also be acquired in connection with route and seabed surveys, cf. Section 30 of the Petroleum Regulations, 
cf. Section 7 of the Resource Management Regulations, but such surveys are very limited in extent. 
3 Section 2-1 of the Petroleum Act. 
4 By law, the authority to grant exploration licences is vested in the Ministry, which has delegated the authority to the NPD. 
5 Section 2-2 of the Petroleum Act 
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Production licences are awarded by the King in Council. The production license gives the licensee an 
exclusive right to survey and carry out exploratory drilling and production of petroleum resources in the 
area covered by the licence. This means that only the licensee may conduct petroleum activities within the 
area covered by the licence. The production licence thus provides more extensive rights than an 
exploration licence. The duration of a production licence is determined in the individual licence.  
 
6.2 Co-existence with other industries  
 
Petroleum activities shall be conducted in a prudent manner, in co-existence with other industries. This 
important overall requirement for prudent activities is enshrined in Section 10-1 of the Act.  
 
Section 10-1, second paragraph, first sentence of the Petroleum Act reads:  
The petroleum activities must not unnecessarily or to an unreasonable extent impede or obstruct shipping, 
fishing, aviation or other activities, or cause damage or threat of damage to pipelines, cables or other 
subsea facilities.  
 
This implies that the actors engaged in the petroleum industry must take other industries and users of the 
sea into account when they plan their activities.  
 
In relation to the fishing industry, this means that the licensee, before conducting a seismic survey, must 
decide whether the survey could have been undertaken in a different place, at another time or in a manner 
that would have been better for fishermen, without having significant practical or economic consequences 
for the licensee. If licensees have not included such considerations and assessments in their planning, it 
could be difficult to assess whether the survey unnecessarily complicates or impedes other business 
interests. It is therefore important that licensees demonstrate and document that they have taken these 
factors into account in their planning. The Institute of Marine Research and the Directorate of Fisheries can 
assist licensees with relevant information, and early contact with them is recommended.  
 
If a licensee does not comply with the provisions of Section 10-1 of the Petroleum Act, it could provide a 
basis for the Government to intervene and suspend activities7. The cause of an injunction to suspend 
activities may be violation of both the first and second subsections of Section 10-1. Such injunctions to 
suspend activities are invasive and will have major economic consequences. The Act therefore stipulates 
that any suspension of activities is subject to "special circumstances". The Norwegian Oil and Gas 
Association has published Recommended guidelines for Coexistence with the fishing sector when 
conducting seismic surveys, which offers considerable advice and suggestions on how to achieve 
coexistence. It is recommended that planning is started early, preferably the year before the planned start 
of a seismic acquisition, and no later than early that same year. The work going on in the early planning 
phase is important for achieving good coexistence, and it is recommended in this phase that the operator 
of the acquisition:  

 Establish an overview of all stakeholders, 

 Establish a list of other acquisition activities planned in the same area at the same time,   

• Establish an overview of fishery activities and any spawning and spawning migration in the area,   

• Establish contact with relevant fisheries organisations,   

• Make its own organisation aware of the conditions surrounding the acquisition of seismic  data in 

Norway.   
 

                                                                                                                                                                                                        
6 Section 3-3 of the Petroleum Act. 
7 Cf. Section 10-1, third subsection of the Petroleum Act. 
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In addition, the guideline describes recommended and regulatory measures in later planning phases and 

during implementation of the acquisition.   
 

The authorities see the guideline as a good and important tool, and require the petroleum industry to 
follow the guidelines faithfully.  
 
However, it cannot be expected that all seismic acquisitions only take place during periods of low fishing 
activity. Weather conditions and time constraints due, for instance, to spawning can imply that the 
licensee has a very limited amount of time to conduct the surveys, and thus must conduct the surveys even 
though there are substantial fishery activities in the area.  
 
6.3 Time and area restrictions  
 
Seismic has little effect on eggs, larvae and fry, but can affect fish behaviour and migration patterns, 
adversely affecting spawning production. Time limits have therefore been introduced for seismic activity in 
areas with important spawning grounds and in areas where there are concentrated spawning migrations.  
 
Time and area restrictions are in relation to the individual block and are stated in the wording of the 
individual licensing round announcements.  
 
6.4 Safe distance - Section 5, first subsection of the Resource Management Regulations:  
 
Section 5, first subsection of the Resource Management Regulations, reads:  
"Vessels carrying out seismic surveys shall maintain a safe distance from vessels carrying out fishing 
activities and from fixed and floating fishing gear. Particular attention must be exercised when an 
accumulation of fishing vessels is observed."  
 
This means that the seismic vessels shall keep such good distance to fishing vessels that no ongoing 
fisheries are unduly affected or that deployed fishing gear is physically destroyed.  
 
6.5 Marine Resources Act  
 
The Act relating to the management of wild living marine resources (Marine Resources Act) aims to ensure 
sustainable and socio-economically profitable management of wild living marine resources and associated 
genetic material, and to contribute to securing employment and settlement in coastal communities.  
 
Section 24 of the Act deals with the rules of due care by the following: "Any person arriving at harvesting 
grounds where gear has been set shall acquaint himself with the location of such gear. All persons shall 
conduct themselves in such a way that fishing gear is not damaged or unnecessarily endangered. It is 
prohibited to impede harvesting or spoil harvesting opportunities by means of shooting, noise or other 
improper conduct. The Ministry may adopt further provisions on the manoeuvring of vessels and conduct on 
harvesting grounds."  
 
The ban must be viewed in light of the materiality criterion, cf. also Chapter 6.4 and the compensation 
provisions in Chapter 10.2.1 and 10.2.2.  
 
6.6 Other matters that are regulated  
 
Requirements for fishery experts on board the seismic vessel, reporting system, tracking seismic vessels 
and the compensation scheme for Norwegian fishermen are also regulated in the Petroleum Regulations. 
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These are important and often comprehensive rules, and are therefore referred to as separate topics in the 
following chapters.  
 
 
Mackerel fishing and seismic acquisition the summer of 2012  
 
In connection with mackerel fishing and seismic surveys on Tampen the summer of 2012, the Norwegian 
Fishermen's Association and Statoil agreed to carry out a pilot project.  
 
The pilot project involved close monitoring of the inflow and distribution of mackerel, as well as regular 
communication with the Norwegian Fishermen's Association. Based on close follow-up and 
communication, information was to be obtained on the need for a possible hiatus in acquisition on 
Kvitebjørn, and the proper timing and length of such a pause.  
 
A working group was established consisting of representatives from the Norwegian Fishermen's 
Association, the Directorate of Fisheries and Statoil, as well as an independent fisheries adviser at Statoil's 
office. The working group met 1-2 times a week and discussed the fisheries' development.  
 

Based on the discussions and recommendations of the working group, Statoil paused seismic acquisition on 
Kvitebjørn from 5 August to let mackerel enter the area undisturbed. Little fishing was done in the 
Oseberg/Kvitebjorn area over the next 12 days. Towards the end of the period the fishery was established 
closer to land. The Fishermen's Association agreed to the resumption of acquisition on 17 August in 
confidence that Statoil would pause seismic acquisition at the request of the Fishermen's Association 
should the situation warrant it. Seismic acquisition on Kvitebjørn was later paused from 3 to 5 October due 
to dense accumulation of purse seiners in the area.  
 
The Norwegian Fishermen's Association, Statoil and the Directorate of Fisheries later evaluated the project. 
The season was completed without any major conflicts between troll fishery for mackerel and seismic 
acquisition. This is a common opinion shared by all parties involved, and the situation has improved 
compared to previous years. The pilot project has made a decisive contribution to achieving this. In 
addition, mackerel migration changed in 2012, also contributing to fewer area conflicts. Statoil and the 
Norwegian Fishermen's Association intend to continue the pilot project in 2013, should seismic acquisition 
be necessary during the trolling season.  
 
 

7 Fishery expert and escort vessels  
 
The Petroleum Regulations stipulate that vessels carrying out seismic surveys must have a fishery expert on 
board when it is necessary for fishing operations in the area8.  
 
7.1 The role of the fishery expert  
 
The fishery expert plays an important ro.le. The person shall actively contribute to enabling the petroleum 
industry and fisheries to coexist at sea. It is therefore essential for the fisheries expert to be objective in his 
dealings with all parties, and that he gives his advice on a free and independent basis. The fishery experts 
shall serve in an advisory capacity to the ship's management, and the management of the survey on the 
vessel. He shall provide information about any fishery activities in the area, including for example what 
particularly characterises the drift pattern of the different gear groups, vessel movements and fixed gear.  
 

                                                        
8 Section 5 of the Resource Management Regulations 
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The fishery expert shall aid communication between the seismic vessel and fishing vessels in the area. He 
shall be available within the framework of what is reasonable to expect, based on the staffing the licensee 
has chosen. Advice from fishery experts that is rejected shall be recorded in the log. 
 
The fishery expert shall preferably be involved prior to the survey, but no later than the kick-off meeting, at 
which the role of the fishery expert shall be clarified. At this meeting, the fishery expert should give a 
briefing on any expected fishery activities based on obtained information and information contained in the 
assessment from the Directorate of Fisheries. He shall obtain an overview of the vessels in the area and 
should well ahead of the start of acquisition contact fishing vessels that may be affected by the seismic 
surveys and hear their views and what their plans are. Based on this, the seismic acquisition can be 
adjusted and adapted to the benefit of both industries. 
 
In some cases, the licensee collecting seismic data elects to have two fishery experts on board. The 
advantage of this is that a fishery expert will then be present on the bridge at all times. It is recommended 
that the need to have two fishery experts on board is always considered. This can be useful in connection 
with acquisitions in areas with high fishing activity.  
 
7.2 Qualifications of the fishery expert  
 
To enable the fishery expert to carry out his assignment in a sound manner, it is important that the person 
has in-depth knowledge of the fishery activities. The expert must accordingly meet certain requirements. 
More information about these requirements is available on NPD's website.  
 
NPD organises courses for fishery experts in collaboration with the Directorate of Fisheries. More 
information about the course is available on the NPD website. The NPD website also contains a list of 
qualified fishery experts, along with a manual for fishery experts.  
 
The fishery expert shall keep a log according to a specified format. The logbook must be submitted to the 
NPD and the Directorate of Fisheries no later than two weeks after the acquisition is concluded.  
 
7.3 Seismic vessels  
 
Relevant regulations related to the activities carried out by the vessel on the Norwegian Continental Shelf 
shall be available on board in Norwegian and English.  
 
The ship's captain, navigators and management of the seismic survey shall familiarise themselves with 
Norwegian regulations affecting the interaction between seismic activity and fishery activity.  
The advisory response from the authorities shall be available on board in Norwegian and English before the 
survey starts. The ship's captain, navigators and management of the seismic survey shall familiarise 
themselves with the contents.  
 
7.4 Escort vessels  
 
Escort vessels shall have a passive role vis-à-vis third parties9. This means that escort vessels may not order 
fishing vessels to move out of the way of the seismic vessel, and that communication with the fishing 
vessels shall mainly take place via the seismic vessel. 
 

                                                        
9 Section 5, subsection eight of the Resource Management Regulations. 
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The licensee shall ensure that the crew of the escort vessel has familiarised itself with applicable 
regulations and Norwegian conditions.  
 
8 Coordination meeting and information about the survey to be submitted to the authorities  
 
8.1 Coordination meeting  
 
Together with industry representatives, the Ministry of Petroleum and Energy and the Ministry of Fisheries 
and Coastal Affairs will initiate an annual meeting before the survey season starts. The purpose of such 
meetings is that the authorities must inform companies about matters of importance in terms of time and 
areas where fish stocks and/or fisheries can be especially affected by seismic surveys. The annual meeting 
will be held early enough to have a direct bearing on the planning of future seismic surveys.  
 
8.2 Notifications that must be sent prior to start-up  
 
No later than five weeks prior to the start up of survey activities, the licensee shall submit details of the 
survey to the Norwegian Petroleum Directorate, Directorate of Fisheries, Institute of Marine Research and 
Ministry of Defence10. The licensee shall report the time and area of the survey. When the State itself 
collects seismic data these acquisitions shall also be reported according to this system.  
 
On the basis of the information submitted, the authorities will provide advisory feedback within their area 
of expertise. Thus, to incorporate the consideration of living resources and fishery activities in the best 
possible manner, the Directorate of Fisheries will comment on any fisheries activity, and the Institute of 
Marine Research on fish resources, such as spawning. To achieve the most optimal handling of questions 
about living resources and fishery activity, licensees are advised to contact the Directorate of Fisheries and 
Institute of Marine Research as early as possible in the planning phase of their seismic surveys.  
 
The NPD provides overall feedback to the licensee. Given the advisory statements that have been made, 
the licensee should to the extent possible adapt its acquisition in accordance with the advice.  
 
Before the start of each survey the NPD announces the survey area, time period, call sign of the vessel, etc. 
by publishing this on the NPD website, which also provides an overview of ongoing seismic acquisitions.  
 
It is very important that the licensee carefully considers the time required for the individual survey before 
submitting the notification. Experience has shown that the extension of surveys is one of the main causes 
of conflicts. Furthermore, it is important that information about ongoing seismic acquisitions is correct and 
up to date. The Petroleum Regulations therefore require that changes in surveys must be reported to the 
authorities. Change means both those situations where the survey starts later than planned, and the 
situations in which the survey continues beyond the period stipulated. Changes must be reported as soon 
as possible and no later than ten business days before the scheduled date of termination if the survey is to 
continue beyond the stipulated period.  
 
8.3 Reports to be submitted when the survey is under way  
 
The licensee shall send reports to the authorities also when the survey is under way. The licensee shall on a 
weekly basis send information that includes startup, expected conclusion and status of the survey. This 
information enables the authorities to monitor the activity on the Continental Shelf, and provide updated 
information.  

                                                        
10 Section 6 of the Petroleum Regulations, cf. Section 4 of the Resource Management Regulations. 
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9 Tracking of seismic vessels  
 
9.1 Background  
 
Vessels carrying out seismic surveys shall carry and use equipment that monitors and reports the activity of 
the vessel, such as satellite tracking equipment and a voyage data recorder11.  
 
Fisheries legislation stipulates that Norwegian fishing vessels with an overall length of 15 metres or more 
must be able to be tracked. In the Skagerrak, the requirement applies to fishing vessels with an overall 
length of 12 metres or more operating outside 4 nautical miles from the baseline12. Such tracking of 
seismic vessels and fishing vessels makes it possible to retrospectively reconstruct movements on the sea, 
as one of several means of documenting and clarifying allegations about incidents. The Coast Guard will 
also be able to follow movements in real time. The authorities find that the ability to reconstruct events 
and conflict situations helps to reduce the level of conflict in connection with the acquisition of seismic 
data.  
 
Licensees performing seismic surveys in Norwegian waters must contact their contractors at an early stage 
in order to verify that the vessel that is to collect seismic data has the mandatory equipment and software. 
The Directorate of Fisheries is the technical operator for tracking seismic vessels.  
 
9.2 Position reporting  
 
An electronic message must be sent from the seismic vessel no later than at the start-up to the Directorate 
of Fisheries' tracking centre to activate the reception of signals. The vessel shall then automatically report 
the position of the vessel to the Directorate of Fisheries twice every hour for the duration of the activity. 
The Directorate of Fisheries may, at the request of the NPD, obtain confirmation of the individual vessel’s 
position more than twice every hour.  
 
The position report shall contain:  

• a)  unique identification of the vessel,   
• b)  the geographical position of the vessel at the time of reporting with a position fault of less than 

500 metres and a confidence interval of  99%, 

• c) the time and date of the vessel position,  
• d) the speed and course at the time of reporting, 
• e) identification of the type of report submitted. 

 
9.3 Use and storage of tracking data 
 
Tracking information received from vessels is saved in a tracking register. The register and rules on the use 
of the information will ensure that confidentiality issues are adequately addressed.  
 
The register's primary users are authorised personnel in the NPD, the Directorate of Fisheries and the 
Coast Guard, as well as the Main Rescue Coordination Centre.  
 

                                                        
11Section 10-19, fifth subsection of the Petroleum Act, cf. Section 5a of the Resource Management Regulations. 
12 In Regulation No. 1743 of 21 December 2009 on position reporting and electronic reporting for Norwegian fishing and hunting vessels, amendments were 
made as at 10 August 2012 with regard to the size of vessels for which position reporting is required, cf. Regulations No. 454 of 24 March 2010 concerning 
requirements for equipment and installation of position reporting equipment. 
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The information in the register is protected under the rules of the Public Administration Act pertaining to 
confidentiality, the Freedom of Information Act and Personal Data Act. More detailed information about 
tracking equipment on board seismic vessels is found on NPD website.  
 
10 Compensation scheme for Norwegian fishermen  
 
10.1 Background  
 
The intention of the Petroleum Regulations is to help ensure joint use of the sea in all phases of the 
activities. The regulations include a number of measures for achieving this, including impact assessments in 
advance of the opening of areas to petroleum activities, time and area restrictions on the acquisition of 
seismic data, the requirement to have a fishery expert onboard seismic vessels and that facilities on the 
seabed must be overtrawlable.  
 
The authorities nevertheless see that offshore petroleum activities on the Shelf may at times 
inconvenience fishermen. Chapter 8 of the Petroleum Act therefore has special rules on compensation for 
Norwegian fishermen for financial losses resulting from petroleum activities, including losses resulting from 
occupied fishing grounds, pollution/waste and losses due to damage caused by facilities. In the exploration 
phase, compensation for financial losses resulting from occupied fishing grounds will be relevant.  
 

 
 
The figure shows the number of cases heard by the compensation board in the period 2008-2012. Source: 
The Directorate of Fisheries. 
 
10.2 Further details on conditions for compensation  
 
10.2.1 Occupation of fishing grounds  
 
Section 8-2, first subsection of the Petroleum Act reads: In the event of petroleum activities within an area 
entirely or partly occupying a fishing field, the State is obliged, to the extent that fishing becomes 
impossible or is substantially impeded, to award compensation in respect of any resulting financial loss.  
 
Exploration activities, including seismic acquisitions, are part of the petroleum activities and are 
therefore covered by the said provision.  
 
10.2.2 Full or partial occupation  
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It is a condition for compensation under the provision that petroleum activities wholly or partly occupy a 
fishing ground. Legislators primarily had occupation as a result of the placement of permanent facilities in 
mind when the rule was issued. Nevertheless, it cannot be excluded that seismic activity also may be 
regarded as complete or partial occupation in specific cases, and this is also applied in practice when 
dealing with compensation claims.  
 
Seismic acquisition is, however, a time-limited activity. In this respect, the criterion of whole or partial 
occupation would only be considered to be met in very special cases.  
 
For the criterion of occupation to be met, the individual fisherman must have a clear connection with the 
fishing grounds in question, i.e. have fished in the relevant area for some time. The criterion concerning 
association with the fishing grounds means that the system is most important for fishing operated by small 
vessels relatively close to land and that they, due to their size and/or equipment have limited opportunities 
to seek alternative fishing areas. Also larger, ocean-going vessels may in certain circumstances be entitled 
to compensation, if relevant association with the respective fishing grounds is ascertained.  
 
10.2.3 The fishing must be made impossible or significantly impeded  
 
Further, it is a condition that fishing becomes impossible or significantly impeded due to the seismic 
activity. In other words, any inconvenience will not entitle a fisherman to compensation. For example, 
fishing is not rendered impossible or substantially impeded if fishing can take place at a reasonable level, 
without significant additional costs or time lost.  
 
10.2.4 Financial loss  
 
Each fisherman must prove that he has suffered a financial loss. The financial loss may have occurred as a 
result of, among others, lost catches and fishing time. Additional expenses that the fisherman has incurred 
in order to limit his losses or fill his quota, for example by searching for fish in other areas, are covered by 
the compensation scheme.  
 
It is a general principle of the law of damages to seek to limit one's financial losses. This also applies to 
compensation under Chapter 8 of the Petroleum Act. Each fisherman is obliged to seek to limit his financial 
losses. For example, this implies that within reasonable limits, there is an obligation to search for fish in 
other areas if possible.  
 
The financial loss must be documented. One method of documenting a possible reduced catch can for 
example be to refer to contract note data for one or more corresponding periods without seismic 
acquisition, and compare this with contract note data for the period in which seismic acquisition takes 
place.  
 
10.3 Review by commission  
 

Claims made under Chapter 8 of the Petroleum Act Chapter are dealt with by a commission13. The 
commission consists of representatives from the fishing industry and the petroleum industry, and is 
chaired by a representative who meets the requirements to serve as a judge. The composition of the 
commission shall ensure that both industries are represented, and that the requirements are addressed by 
representatives who have knowledge of fisheries and petroleum activities.  
 

                                                        
13 Section 8-6 of the Petroleum Act, cf. Chapter 8 of Regulations of 12 December 2008 to Act No. 72 of 29 November 1996 on Petroleum Activities concerning 
compensation of fishermen. 
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The commission's decisions may be appealed to an appeals board.  
 
The Directorate of Fisheries is the secretariat for the appeals board. 
 
The compensation claims are sent to the appeals board via the Directorate's regional office in the relevant 
district. The Directorate of Fisheries has prepared a standard form for filing a compensation claim.  
 
11 Guidelines for disagreement  
 
Licensees who have an exploration or production licence are obliged14 ahead of the impending exploration 
activity to give notification of the planned survey to the NPD and the Directorate of Fisheries.  
 
In some cases, the directorates may disagree on whether a survey should be carried out as notified or not. 
This will typically be cases where the Directorate of Fisheries believes the survey cannot be completed out 
of consideration for the fishery activities. Formally, the licensee has the right to conduct the survey, but it 
is unfortunate when this takes place contrary to feedback from the authorities. To ensure a comprehensive 
assessment of these matters, as well as quick resolution, the MFCA and MPE have agreed on guidelines for 
handling notifications pursuant to Sections 6 and 30, cf. Section 4 of the Resource Management 
Regulations.  
 
The guidelines facilitate the raising of the issues to the director general level in the directorates, and if 
agreement cannot be reached here, the NPD shall raise the issue before the MPE for a decision in 
consultation with the MFCA.  
 
The MFCA and MPE assume that the directorates will do their utmost to resolve disagreements at the 
directorate level, and that there will only in exceptional cases be a need to raise the issues to the ministry 
level.  
 
12 Material collection 
 
12.1 Acts and regulations  

Petroleum Act  

Petroleum Regulations 
Resource Management Regulations 
Marine Resources Act  
 
12.2 Websites  
Norwegian Petroleum Directorate  
Directorate of Fisheries  

 
 
 
 
 
 
 

                                                        
14 Sections 6 and 30 of the Petroleum Regulations, cf. Section 4 of the Resource Management Regulations. 
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