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The paper, ARE SEISMIC SURVEYS RESPONSIBLE FOR CETACEAN STRANDINGS? AN 
UNUSUAL MORTALITY OF ADULT HUMPBACK WHALES IN ABROLHOS BANK, 
NORTHEASTERN COAST OF BRAZIL (Engel et al. 2004), presented to the 2004 International 
Whaling Commission Scientific Committee, concludes that a scientific correlation between 
increased adult humpback strandings and seismic surveys along the east coast of Brazil can 
not be established.  Nevertheless, based on the outside possibility of such a relationship, the 
authors suggest that seismic surveys be suspended offshore from the Abrolhos Bank region 
(Bahia and Espírito Santo States) during the humpback whale breeding season from July to 
November.   
 
Measured precaution in the face of uncertainty is an accepted environmental management tool 
when based on accurate risk assessment.  However, in this case there is no credible scientific 
evidence to support the speculation that increased adult humpback strandings were caused by 
seismic activity.  In fact, the available evidence indicates that there is no relationship between 
the strandings and seismic activities. 
 
A major premise of the paper is that the proportion of adult humpback strandings relative to all 
humpback strandings in 2002 is anomalous and may be a result of seismic survey activity.  It is 
reported in the paper that adult strandings in 2002 account for 26.7% of the total strandings 
from 1975 to 2003.  It is also reported that a study of humpback strandings along the U.S. East 
Coast found that none of the stranded animals were adults. 
 
There is not enough evidence presented in the Engel (2004) paper to assess whether or not the 
relatively high proportion of adult strandings in 2002 is anomalous.  There is not enough data to 
establish a clear record of what might be a "natural" adult stranding rate, nor is any attempt 
made to characterize other natural factors that may influence strandings.  Nevertheless, based 
on data cited in the paper, it appears that the percentage of adult strandings is quite variable 
(Figure 1). 
 
   

0.00

0.10

0.20

0.30

0.40

0.50

0.60

1992 1993 1994 1995 1996 1997 1999 2000 2001 2002 2003
Year

Fr
ac

tio
n 

A
du

lt 
St

ra
nd

in
gs

 
Figure 1.  Adult humpback strandings as a fraction of total humpback strandings by year. 

 
 
 
In order to adequately investigate this issue of higher than normal adult strandings in 2002, 
several points must be addressed: 
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• The available stranding data must be normalized to account for changes in observer effort 
over time, especially in light of the establishment of the activities of the Humpback Whale 
Institute. 

• The level of seismic survey activity must also be analyzed for other years and compared to 
both total strandings and strandings of adults.  As shown in Figure 2, the amount of seismic 
activity offshore Brazil in 1999-2000 was significantly higher than that in 2002.  Yet, during 
this period both the total number of strandings and the proportion of humpback adult 
strandings (Figure 1) were lower than the numbers in 2002. 
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Figure 2.  All humpback whale strandings (year) compared to seismic vessel activity (monthly). 

 
• It is necessary to understand the population and demographics of the animals using the 

offshore areas and how this may vary with season, as well as over time, as the humpbacks 
recover from impacts due to whaling - i.e. is the number of stranded animals and age 
distribution merely a reflection of the population offshore for any given time period. 

• It is necessary to consider the spatial distribution of the animals using the offshore areas, as 
well as oceanographic characteristics that may influence where and why animals utilize 
specific areas, and how this may influence the probability of stranding. 

• Stranding records from other areas of the world (particularly the Southern Hemisphere given 
the distinct separation between northern and southern populations) should be reviewed to 
better characterize natural variability in stranded animal demographics and temporal trends. 

 
The evidence does not establish that the proportion of adult strandings is outside of normal 
variability and does not establish a relationship between strandings and seismic activity.  
However, if an association between adult stranding and seismic activity (as speculated in the 
paper) were valid, several questions would be raised as to what mechanism could selectively 
lead to adult strandings: 
 

1. Were the adult whales exposed to higher (relative to all strandings) sound 
pressure levels, capable of resulting in physical impacts, that led to 
strandings?  

2. Are adults more sensitive to seismic noise than other humpbacks, leading 
to a behavioral response that culminated in strandings?  
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The Engel (2004) paper does not mention nor attempt to address these issues. 
 
Industry has determined the location of all seismic survey vessels that were operating airguns in 
the time frame previous to the reported stranding of the animals.  Distance from the nearest 
operating seismic vessel to a given stranding site has been calculated and is presented in Table 
1 and Figure 3 for all 2002 events (Appendix 1 contains maps for all adult humpback stranding 
events).   
 
Table 1. Distances from stranding sites to nearest operating seismic vessels  

Adult Strandings All Other Strandings 

Date 
Distance to nearest 

operating vessel (km) Date 
Distance to nearest operating 

vessel (km) 

6/6/02 560 3/14/02 210 
6/10/02 520 4/4/02 670 
8/17/02 530 7/4/02 275 
8/28/02 125 8/6/02 200 
9/20/02 250 8/22/02 200 
9/27/02 420 8/23/02 470 
10/3/02 260 8/28/02 315 

10/29/02 90 8/29/02 585 
  9/18/02 450 
  9/30/02 155 
  11/12/02 145 
  11/16/02 240 

Average 
Distance 

344  326 
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Figure 3. Distances from stranding sites to nearest operating seismic vessels 

 
Table 1 and Figure 3 show that the average distance between sound source and stranding site 
is essentially equal for both the adult strandings and all others, and that no clear trend is evident 
with respect to distribution of strandings or spatial associations with time of year.   
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From this analysis it is clear that there is no evidence to suggest that the adult humpbacks may 
have received higher exposure as a group, relative to all stranded animals.  While the exact 
location of the whale when potentially exposed to seismic sound in the above analysis is not 
known, it is reasonable to assume that the stranding site is a valid point to use for distance 
estimation.  In order for this assumption to be invalid, one of the following unlikely scenarios 
would be required: 
 
1. After exposure, an animal would have to swim parallel to the coast for a significant distance 

(average distance 344 km, Table 1) and then still be in such a disoriented state that it 
strands itself; or 

2. In the 6 out of 8 cases where the stranding site is north of all seismic activity, the animal 
would have to drift against the prevailing Brazilian Current (Appendix 2) for a significant 
distance (average 423 km), if it had suffered mortal injury close to an active sound source. 

 
Given the relative positions of the strandings and the seismic vessels and the very large 
distances involved, there is no apparent mechanism to bridge these coincident events.   
 
As shown above, the adult whales as a group were not exposed at closer ranges than the other 
stranded animals overall.  Therefore, in order for the hypothesized association to be valid, it 
would require that adult humpbacks be more sensitive to sound.  However, there is nothing in 
the scientific literature to support this.  In fact, it is commonly reported that young whales are 
more sensitive to sound. 
 
There have been studies conducted specifically to assess the reactions of humpback whales to 
seismic sound sources.  Significant findings from these studies relative to this issue were not 
thoroughly discussed in the Engel (2004) paper.  The conclusions of Richardson et al. (1995), 
reporting on the findings of Malme et al. (1985) who studied humpback whales in Alaska, are: 
 
• Some humpbacks seemed startled at airgun start-up at distances up to 3.2 km 
• Authors concluded that there was no clear evidence of avoidance at exposure levels up to 

172 dB re 1 μPa obtained in the test area at ranges on the order of 0.25 km. 
 
Also, McCauley et al. (2000) studied humpback whale reactions to seismic sound off Western 
Australia and found: 
• Using a full-scale seismic survey array, the overall distribution of humpback whales 

migrating through the study area was not affected.  
• Localized avoidance of the full size seismic array kept most pods about 3–4 km from the 

operating seismic boat.  These short in time and small range changes involved low chance 
of physiological effects. 

• A potential range of avoidance around an operating seismic vessel by humpbacks that are 
more sedentary and utilizing key habitat (e.g. breeding or calving areas) was estimated to 
be 7-12 km. 

• In 9 out of 16 trials, mostly large, mature humpbacks approached within 100-400 m of a 
single operating airgun, investigated it and than swam off.  Exposure levels at this distance 
were predicted to be ~179 dB re 1 μPa (rms). 

 
Based on the best available information, it is not reasonable to assume that adult humpback 
whales may be more sensitive to seismic sound.  Further, given the large distances between 
seismic vessel activities and stranding locations it is not reasonable to assume that these 
animals were exposed to sound pressure levels even as high as those detailed in the above 
studies where no significant reactions were observed (see below). 
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Estimated Exposure Levels 
 
While no data are available for received sound pressure levels during the 2002 season, 
generalizations on seismic noise propagation and simple models can be used to estimate a 
range of probable exposure levels.  Richardson et al 1995 reports that (i) in water 25-50 m 
deep, airgun arrays may be audible to ranges of 50-75 km, and (ii) with low ambient noise 
conditions and/or in deep water, detection ranges may exceed 100 km.  
 
For the purposes of this analysis, two simple propagation models are used to estimate the 
possible range of exposures: 
 
1. Cylindrical spreading using 10 Log (range) - (attenuation factor); where the attenuation 

factor (0.61 dB/km) was determined empirically in studies at water depths 20 -110 m deep 
(Richardson et al. 1995). 

2. Spherical spreading using 20 Log (range) attenuation. 
 
Using a sound source level of 240 dB re 1 μPa @1 m (rms), the range of estimated sound 
pressure levels at 90 km (which is the smallest distance between active vessel and stranding 
site) range from 86-141 dB re 1 μPa (rms) using 1&2 above.  To put this in perspective, ambient 
(natural background) noise levels in the ocean are typically expected to be in the 80-120 dB re 1 
μPa range, depending on local environmental conditions. 
 
While this simplified approach yields a large potential range of sound levels, it points out clearly 
that at source-receiver distances on the order of those estimated for these stranding events, the 
exposures were very likely much lower than any levels shown to cause significant reactions in 
humpback whales.  It is also important to note that, in the above referenced studies designed to 
expose whales to seismic sound at levels much higher than those estimated for the Brazil case 
and then carefully monitored to observe whale reactions, no animals stranded or showed any 
behaviors that led researchers to consider stranding as a potential outcome.    
 
 
Conclusion 
 
This paper presents a detailed analysis of the 2002 humpback whale stranding events cited in 
Engel (2004) relative to all seismic surveys that were conducted in proximity to the stranding 
sites.  This analysis demonstrates that no reasonable association can be drawn between the 
seismic surveys and the strandings.  Further, based on this analysis and results from research 
studies designed to investigate the effects of seismic sound on humpback whales, there is no 
scientific basis to associate anomalous adult whale stranding rates with seismic activity.  This 
finding is consistent with industry experience where, in over three decades of industry seismic 
surveying activity, there is no evidence to suggest that sound from seismic airguns has resulted 
in any physical or auditory injury, or stranding event for any marine mammal species, including 
numerous operations in humpback whale habitats such as Australia, NE Canada, Alaska, West 
Africa, West Coast U.S., etc. 
 
The science does not support the "strong belief" expressed in Engel (2004) that seasonal 
restrictions should be imposed on seismic surveys in the Abrolhos Bank, northeast coast of 
Brazil, restrictions which will seriously limit operations critical to the Brazilian oil and gas 
industry. 
 
 



7 

 
References 
 
Seismic vessel activity and location data supplied by IAGC member companies. 
 
Marcia H. Engel, Milton C.C. Marcondes, Cristiane C.A Martins, Fabia O Luna, 
Regis P. Lima, Alexandre Campos, 2004, Are Seismic Surveys Responsible for Cetacean 
Strandings? An Unusual Mortality of Adult Humpback Whales in Abrolhos Bank, Northeastern 
Coast of Brazil, Presented to the 2004 International Whaling Commission Scientific Committee, 
SC/56/E28 
 
Richardson, W.J., Greene, C.R., Mame, C.I. & Thomson, D.H. 1995. Marine Mammals and 
Noise. Academic Press Inc, San Diego, USA. 
 
Robert D. McCauley, Jane Fewtrell, Alec J. Duncan, Curt Jenner, Micheline-Nicole Jenner, John 
D. Penrose, Robert I.T. Prince, Anita Adhitya, Julie Murdoch, Kathryn McCabe, Centre for 
Marine Science and Technology, Curtin University of Technology, 2000. Marine seismic 
surveys: analysis and propagation of air-gun signals; and effects of air-gun exposure on 
humpback whales, sea turtles, fishes and squid, Prepared for Australian Petroleum Production 
Exploration Association.  
 

 



8 

APPENDIX 1 
 

SEISMIC VESSEL ACTIVITY AND ADULT HUMPBACK STRANDING SITES 
 

 
6/6/02 Caravelas - BA 
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6/10/02 Mucuri -BA 

 
8/17/02 Porto Seguro - BA 
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8/28/02 Buzios - RJ 

 
9/20/02 Barra do Sahy - ES 

 
9/27/02 Mucuri - BA 
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10/3/02 Barra do Riacho - ES 

 
10/29/02 Sitio do Conde - BA 
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APPENDIX 2 
 
 

Brazil Current 
 

 
January, February, March April, May, June 

 

 
July, August, September October, November, December 
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