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ABSTRACT  
 

The possible behavioral and physical problems involving cetaceans and marine seismic surveys have 
attracted the interest and concern of several authors. However, studies on cetaceans frequenting Nigerian 
waters have not been detailed in literature. This research work is appropriately driven by these requirements. 
Opportunistic data was collected on board six different marine vessels belonging to ExxonMobil. Data 
collected were analyzed using descriptive statistics, t-test and ANOVA at p=0.05. A total of 8,327 hours 36 
minutes observation effort was accomplished during twenty-six months, representing almost 800 km2 
of coverage. Two hundred and eighty-three (283) sightings were recorded comprising of 189 (66.78%) 
sightings of whales and 94 (33.22%) sightings of dolphins. Four species of cetaceans were identified, 
bottlenose dolphins (Tursiops truncatus) were the most abundant followed by pantropical spotted dolphins 
(Stenella attenuata). These two species occurred throughout the sampling months, while the predominant 
whales specie were the humpback whale (Megaptera novaeangliae) and killer whales (Orcinus orca) which 
seem to be present in just a part of the year. Whales were sighted more when the guns were active. Conversely, 
less of the dolphins were sighted while the guns were active. There were significant differences (P=0.05) 
regarding the air-gun operational state between the number of whales and dolphins sightings.  The result 
suggests that swimming behavior was dependent of air-gun operational state. 
© 2014 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Over the course of the last couple of 
decades, scientists and conservationists have 
become increasingly aware of threats to 
biodiversity that are diffused and hard to 
assess but are, nonetheless, of great concern. 
Three examples are climate change, chemical 
pollution and marine noise pollution (Bluhn et 
al., 2007).  Of the three, chemical pollution 
has received the greatest attention and 
response mechanisms are already enshrined in 

a host of national and international law. 
However, by contrast, noise pollution in the 
marine environment is still an emerging, but 
undoubtedly serious, concern. Its implications 
are less well understood than other global 
threats but like chemical pollution, it is 
usually largely undetectable to everyone but 
the specialist. It is also difficult to 
comprehend, particularly for those that live 
above the sea surface and do not readily 
appreciate the profound importance of sound 
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to marine animals, particularly the cetaceans 
in the oceans (Bailey et al., 2006). 

Cetaceans are marine mammals that are 
primarily ocean dwelling or depend on the 
ocean for their food and survival. Several 
familiar coastal species such as dolphins and 
whales have received far less attention in 
these waters. Yet these and other inshore 
species arguably form a significant component 
of the marine ecosystem, and may be of 
considerable tourism and conservation priority 
in this respect (Clark et al., 2006). Cetaceans 
spend their entire lives in the water and most 
of the times (>90% for most species) entirely 
submerged below the surface , when at 
surface, cetaceans bodies are almost entirely 
below the water surface, with only the 
blowhole exposed to allow breathing. This 
makes cetaceans more difficult to locate 
visually and exposes them to underwater noise 
both natural and anthropogenic essentially 
100% of the time because their ears are nearly 
always below the water surface (Angliss et al., 
2006). There is now a world-wide trend 
towards increasing oil exploration in deeper 
waters, Nigeria inclusive, and this has brought 
with it an increased potential for conflict 
between those species of cetacean thought to 
be most vulnerable to seismic pulses. 
Cetaceans may be especially sensitive to 
anthropogenic noise because some species of 
toothed whales have developed a special sense 
called echolocation that allows them to hunt 
and gather information about their 
environment in turbid and deep water where 
no light penetrates (Robinson et al., 2007b). 
They send out a sound into the water and then 
use the returning echo to identify the objects 
that have reflected the sound. The differences 
in the returning echo provide the animal with 
information about the size, shape, orientation, 
direction, speed, and composition of the 
object or landscape (Madsen et al., 2004). 
Communication is a behavior by one 
individual which causes a change in behavior 
or state of another individual, the receiver, 
through conveying information (Alcock, 
2005). Cetaceans use sound to communicate 

information about the location and identity of 
individuals or groups, reproductive status, 
food sources, predation risk, and dominance  
(Madsen et al., 2005). For example, 
humpback whale males compete with other 
males through complex songs that can last for 
several hours, and females choose between 
males based on these vocalizations ( Weir et 
al., 2007). The ability of cetaceans to 
communicate, navigate, and echolocate can be 
compromised by human noise. Noise is a 
disturbance, usually random and persistent, 
that obscures or reduces the clarity of a signal 
(Richardson et al., 1995a). The ocean is 
naturally noisy, which would seem to present 
problems for marine mammals using sound, 
however, they are well-adapted to natural 
levels of ambient noise (NRC, 2003). 
However, masking can occur, which is the 
blocking of the perception stimulus, resulting 
from the presence of another stimulus in the 
same range. Marine seismic surveys are some 
of the harshest anthropogenic noises cetaceans 
are subjected to (Gordon et al., 2003). Seismic 
surveys use reflected seismic waves to 
produce images of the Earth's subsurface 
(Gordon et al., 2003). The method requires a 
controlled seismic source of energy, such as 
dynamite or a specialized air gun. By noting 
the time it takes for a reflection to arrive at a 
receiver, it is possible to estimate the depth of 
the feature that generated the reflection. In 
this way, reflection seismology is similar to 
echolocation (Richardson et al., 1995b). The 
reactions of cetaceans to seismic surveys have 
included surprise, fright, stress, and 
avoidance. Mysticeti and Odontocetes have 
also shown changes in behavior and 
vocalization patterns such as disruption of 
foraging, avoidance of particular areas, altered 
dive and respiratory patterns, and disruption 
of mating systems (Gordon et al., 2003). Past 
studies on the reactions of cetaceans to noise 
have shown widely divergent responses 
depending on the individual, age, sex, and the 
activity in which the animals were engaged 
(Koblitz et al., 2012). 
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There have been few studies detailing 
the long-term effects of disturbance on 
cetaceans. Morton and Symonds (2002), 
found that killer whale displacement occurred 
for several years from an introduction of noise 
into their environment. Beluga whales will 
flee from approaching ice-breaking vessels, 
traveling up to 80 km away from productive 
and feeding areas, and remain displaced for 
several days (Erbe and Farmer 2000). A study 
conducted in Australia found that long-term 
disturbance negatively affected populations of 
bottlenose dolphins (Bejder et al., 2006). 
Cetacean-watching tourism has increased over 
the years and this has lead to a decline in 
dolphin abundance in this area. These cases 
show examples of animals not being able to 
cope in a changing environment and suggest 
that cetaceans may not be adjusting to long-
term anthropogenic noises (Kyln et al., 2010).  

Determining average behavioral 
reactions of cetaceans to anthropogenic noise 
is complex because there is such high 
variability in terms of behavioral response 
between species and even between individuals 
within a species (NRC, 2003). Varied 
responses, ranging from attraction of dolphins 
to the bow of a ship to long-term 
displacement, exploratory behavior in others 
or habitat avoidance by harbor porpoises or 
have been documented (Culik et al., 2001). 
Some sounds may not cause any observable 
responses, and while other sounds may cause 
subtle changes in diving, surfacing, or 
vocalization patterns, these changes in 
behavior are not necessarily a cause for 
concern if they are temporary or do not cause 
the animal to leave an area important to their 
survival (such as breeding or foraging areas). 
For example, Pilot whales respond vocally to 
military sonar pulses from a considerable 
range over long periods of time (Koschinski et 
al., 2003). These long-term induced responses 
are not necessarily deleterious, but they are 
unlikely to be adaptive (Kloepper et al., 
2010). 

Cetaceans being top predators play a 
significant role in the balance of the marine 

ecosystem. Consequently, any perceived 
threat to their survival requires a scientific 
investigation for the purpose helping policy 
makers to make informed decisions. The 
underlying objective of the research work was 
to establish and document the 
effect/relationship between seismic operations 
and sighting of cetacean species in Nigerian 
coastal waters. The study focuses on the 
coastal cetaceans frequenting the Nigerian 
coastal waters so as to provide baseline 
scientific data for the adoption of long-term 
management measures and conservation 
strategies for their protection. 
 
MATERIALS AND METHODS  
Study area 

The study area covers about 800 km2 
located Akwa Ibom State (3°50’ N & 7010’ E 
to 4o 50’N & 8o 40’ E) in the oil rich south-
south region of the Niger delta area of 
Nigeria. The site is delineated OML (oil 
mining license). It consists of OML 67, 68, 69 
and 70 belonging to ExxonMobil producing 
Nigeria. 

This study was based on the results of 
marine mammal observations during seismic 
surveys on board six different marine vessels 
belonging to ExxonMobil whose primary 
objective was to conduct seismic operations. 
Airguns were towed at 5 knots at a depth of 5-
10 m while shots were fired at approximately 
10 seconds along transect lines.3-D 
technology was employed. The overall 
observation effort was 8,327 hours 36 
minutes  accomplished over a period of 26 
months (Nov.2007-Dec.2009) almost 
covering 800 km2 representing O M L s  
6 7 , 6 8 , 6 9  a n d  7 0  b e l o n g i n g  t o  
E x x o n M o b i l  P r o d u c i n g  N i g e r i a  i n   
Akwa Ibom State, South-south of Nigeria. 
The presence of cetaceans was sought for 
before a survey line was started, and the start 
was delayed by at least 20 minutes if 
cetaceans are within 500 metres. 

Marine mammals were monitored 
during the seismic operations through visual 
survey by on board marine mammal observers 
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from t h e  h i g h e s t  v a n t a g e  p o i n t s  
a b o a r d  ( 14.5m a.w.l.). Species occurrence 
and behavior were recorded on “Biota 
Records and Occurrence Forms” designed by 
JNCC (Joint Nature Conservation 
Committee). The information presented on the 
forms was as follows: Boat (identification, 
activity, geographical position and direction); 
Seismic survey [date, time, depth , sea state, 
weather conditions visibility and wind 
direction and strength - and observer´s name]; 
Animal [species, anatomical description, 
number of specimens (total, adult and calves), 
identification level (definite, probable and 
possible), behavior (swimming, feeding, 
courting, stationary, playing, other) ,  air-gun 
state (turned on or off) and other comments. 
There were no marine mammals monitoring 
when visibility was poor because it was 
difficult to observe marine mammals.  

The number of marine mammal 
observers, their degree of experience and level 
of monitoring effort varied throughout the 
seismic surveys. Three of the observers with 

more than ten years of experience were 
classified in this study as an “Expert” while 
four of the observers with more than five but 
less than ten years   classified as “Capable” 
and one “Beginner” was contracted. This 
observer (Beginner) underwent a training 
program that included sighting methodology, 
safety procedures and the most likely species 
to be seen in the area. The training program 
lasted three days, after which the observer was 
able to remain active in the project until its 
conclusion. All the observers were marine 
science professionals with M.Sc. academic 
qualification and they all participated in the 
same training program. 
 
Statistical analysis 

Information  from the Biota Records 
and Occurrence Forms  was analyzed   using 
descriptive statistics, t-test  ANOVA and  
Kruskal-Wallis non-parametric test  relating 
sightings of marine mammals to the hour class 
interval , at p=0.05. 

 

 
 

Figure 1: Study site with Nigeria insert. 
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RESULTS 
A total of 8,327 hours 36 minutes 

of marine mammal monitoring was carried out 
during 11,506 hours 56 minutes of seismic 
surveys. This marine mammal monitoring 
corresponded to 72.4% of the total duration of 
the seismic surveys and was not synchronized 
with the operation of the air-guns. An average 
watch time of 287 hours 9 minutes and 31 
seconds was recorded per month. The total 
number of hours spent per month is presented 
in Figure 2. Average MMO watch time per 
day was 9 hour 13 minutes with 11 hours 9 
minutes being the highest and the lowest was 
about 2 hours 5 minutes as dictated by the 
weather condition, seismic production 
operations and vessel activities per day. No 
monitoring was carried out on some days due 
to crew change. 

The marine mammal monitoring 
programs recorded 283  sightings of 339  
specimens of whales and 1342 specimen of 
dolphins, including  Megaptera novaeangliae 
(the humpback whale), killer whales (Orcinus 
orca) which seem to be present in just a part 
of a year, Tursiops truncatus (Bottlenose 
dolphin), Delphinus delphis (Common 
dolphin), Sousa teuszii (Atlantic hump-backed 
dolphin) and Stenella attenata (Stenella 
attenuate). The most abundant species were 
Bottlenose dolphin (36%), Stenella attenuate 
(27%), Common dolphin (23%) and 
Humpback whale (18%) Figure 3. Sightings 
peaked during July and August.  

The relationship between the periods 
the seismic guns were shooting and the 
number of marine mammals sighted was 
analyzed and is as shown in Figure 3. Of the 
total whale sightings, 73% was recorded while 
the guns were shooting and 27% recorded 
while the guns were inactive. Conversely, the 
number of sightings recorded for the dolphins 
while the guns were shooting was 35% and 
65% when the guns were inactive. Whales 
were sighted more when the guns were active 
but they were sighted at safe distances (greater 
than 500 meters) away from the guns. Less of 
the dolphins were sighted while the guns were 
active and those sighted were also at safe 

distance away from the guns except on two 
occasions when shooting were stopped or 
delayed for the animals to move to safe 
distance away from the guns. Records of 
sighting showed that a number of calves 
(juveniles) were sighted during the reporting 
period and the number of juveniles sighted for 
the dolphins were more than the adults. 
Among the total individual whales (339) 
recorded, 83% were adults and 17% were 
juveniles while more of the juveniles (54%) 
than the adults (46%) of the total individual 
dolphins (1342) were recorded. Though 
operation Licenses demanded that marine 
mammal monitoring should be carried out 
during the entire period of air-gun activity 
Nevertheless, there was no night monitoring 
due to the risk of accident with the observers 
and no marine mammal was recorded during 
these periods of darkness. All sightings of 
marine mammals occurred between 06:00 and 
18:00 hours, which correspond to the daylight 
period in south-south Nigeria. The Kruskal-
Wallis non-parametric test (H=17.21) relating 
sightings of marine mammals to the hour class 
interval was highly significant (p=0.05). There 
was a significantly higher probability of 
observing marine mammals between 0800 and 
1600 hours i.e. during daylight hours. 

The observed behaviors were: 
swimming (81.2%), playing (12.3%), feeding 
(3.5%) and stationary (2.5%) (Figure 6). 
Behavior observations only exceeded 10 
minutes when the marine mammals were seen 
within a distance of 500 meters from the 
Gunboat, whilst observations longer than 15 
minutes were never recorded by observers 
during the periods when air-guns were 
“switched on”, only swimming (61%) and 
playing (10.5%) behaviors were recorded. The 
frequency of swimming behavior was greater 
when the air-guns were “switched off” 
(83.3%), however the Mann-Whitney 
statistical test showed that this difference 
regarding the air-gun operational state was not 
statistically significant [U=16.50; Z(U)=1.022; 
p=0.05]. This result suggests that swimming 
behavior was independent of air-gun 
operational state. 
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Figure 2: Observation hours per months. 
 
 
 

 
 

Figure 3: Species composition of cetaceans. 
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Figure 4: Sighting of Cetaceans in relation to seismic activities. 

 

 

 

 
 

Figure 5: Observed behaviours of Cetaceans when Air guns were “On” or” Off. 
 
 
DISCUSSION 

The result is an indication that the 
project area is part of the breeding grounds for 
marine mammals. The result of this 
observation also shows that despite the 
seismic operation in the area, the mammals 

still migrate to this area for breeding. More 
frequent sightings of whales seen when 
shooting could reflect the greater ease of 
detecting cetaceans in the calmer weather 
conditions necessary for shooting. Although 
numbers of cetaceans declined after August, 
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this was not thought to be a result of 
prolonged seismic activity. Any disturbance 
seemed to be only temporary, with cetaceans 
rapidly appearing in the survey areas between 
periods of shooting. 

  In Nigeria waters, the areas of most 
intensive oil and gas activity are the Niger 
delta area located in the south- south region. 
The study area has been the subject of 
considerable oil and gas activities for many 
years, and the area is also of great importance 
for a number of cetacean species as 
established by this study. Interpretation of 
behavioral responses of marine mammals 
during seismic surveys is complex and little 
studied. Nevertheless, quantitative behavioral 
studies are an important tool used to 
investigate potential human impacts on the 
marine environment (Leung and Ng, 2003). It 
is also essential to observe and evaluate the 
methodologies used to investigate these 
potential human impacts. 

The sampling methods used in this 
research could be classified as “incident 
sampling” because of the short duration of 
sightings when only the behavior presented at 
the instant of detection is recorded (Mann, 
1999). Therefore, without previous experience 
and knowledge of the behavioral repertoire of 
the species exhibited during a seismic survey, 
it could be argued that it is not possible to 
infer an accurate response to human activity 
during that instantaneous observation. 

Considering the above, we suggest that 
a sustained research effort should be instituted 
year in year out.  
  The results of this project have many 
important and wide-ranging applications and 
impacts. There has been increasing seismic 
activity in Nigerian waters for oil exploration. 
Relationship between seismic activities and 
marine mammals has been established in that 
the large noise generated by seismic guns can 
cause damage to auditory (hearing) system of 

the mammals thereby making them ‘deaf’ and  
consequently hampering their ability to 
navigate, communicate and/or feed (Gausland, 
2003; McCauley et al., 2000). Hence, the need 
for adequate mitigating measures put in place 
during seismic operations to minimize the 
impact of seismic activity. The mammals may 
avoid breeding or feeding grounds as a result 
of being impacted upon by seismic activity. 
Most wildlife (including marine mammals) 
are classified as threatened and endangered 
(NEST, 1991). This work presents unique 
opportunities for understanding the 
mechanisms of adaptation by these upper 
tropic level marine predators in such a hot 
tropical environment. Additional benefits of 
this work also include the interests of 
comparing the social ecology and behavior of 
these cetaceans to other cetacean communities 
around the world in order to better understand 
how different factors, such as environmental 
conditions and food availability for example, 
may combine to shape the social structure and 
behavior in these species.  A long-term 
analysis of data recorded between 2007 and 
2010 has also shown that high numbers of 
neonate calves are recorded in the project area 
between the months of July and September. In 
fact, 65% of all dolphin schools recorded are 
found to have at least one calf in tow and 
these results give weight to the hypothesis that 
the study area constitutes an important 
nursery/calving ground for these cetacean 
population. Consequently, it is recommended 
with respect to these findings that exploration 
technology with low impact on these 
vulnerable fractions of the population must be 
adopted. 
     As long-lived mammals with low 
reproductive rates, clear assessments of the 
status of these animals require a long-term and 
ongoing research approach, and in this respect 
the current objectives of the research work 
form part of a monitoring program for the 
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species. An equally important step for the 
development of effective conservation 
strategies for the whales and dolphins requires 
an understanding of oil exploration 
companies’ perception of these animals, the 
threats they currently face and the perceived 
importance of these animals to the local 
economy. Such knowledge can be used to 
target effective environmental programmes in 
the areas of education, publicity and public 
relations. We recommend several lines of 
action to improve the effectiveness of marine 
mammal monitoring programs, starting with a 
review of the monitoring protocol, including 
observations before and/or after the seismic 
effort to allow analysis of changes in 
distribution. Other actions include revising the 
data collection forms focused mainly in the 
group behavior such as swimming speed, 
approach or avoidance behavior and abrupt 
changes in direction. A final important action 
is to establish a training program for more 
indigenous observers for these kinds of 
surveys, which would enable them to correctly 
identify species and behaviors. We feel that 
these recommendations would better prepare 
the marine mammal observers from host 
countries and greatly improve the protocol for 
monitoring marine mammals during marine 
seismic surveys. Even these analyses have 
been done on the scope of the monitoring of 
seismic survey impacts, its results and 
concepts could be extended to all monitoring 
programs of marine mammals developed on 
coastal zone contributing to its improvement. 

We also recommend that different 
monitoring techniques (e.g. acoustic 
monitoring, aerial surveys and telemetry) 
should be conducted by researchers 
independent of the Geophysical Companies 
regarding the effects of seismic surveys on the 
density, distribution and behavior of cetaceans 
and manatees. This independent acoustic 
monitoring should be conducted mainly 

during seismic surveys carried out at night or 
when visibility conditions are not favorable. 

Finally, we strongly recommend that a 
comprehensive assessment and compilation 
should be made of all marine mammal 
monitoring programs conducted during 
seismic surveys in Nigerian waters since when 
oil and gas exploration began till date. This 
more comprehensive analysis would further 
support the preparation of a protocol and 
assist in the licensing and fiscal processes for 
petroleum exploration in marine areas of 
Nigeria. The adoption of these 
recommendations will increase knowledge of 
the occurrence and distribution of marine 
mammals on the Nigerian coastal waters, as 
well as help address concerns regarding the 
effects of seismic surveys on these animals. 
 

Conclusion  
Protection for Nigerian cetaceans could 

be improved if internationally accepted 
guidelines were strictly adhered to and 
tightened up to include the use of passive 
acoustic monitoring (PAM) on all surveys, 
and a requirement that air guns be shut down 
if cetaceans are sighted when the air guns are 
firing as there is currently no mitigation for 
animals that may approach the sound source 
once firing of the air guns is underway. 
Compliance with the Habitats Directive is 
imperative since the effects of seismic activity 
could be shown to be causing the deterioration 
and destruction of breeding sites or resting 
places.  Strategic Environmental Assessments 
(SEA) been undertaken for oil and gas 
activities in different areas of Nigerian seas 
must identify particular areas too sensitive to 
damage and relevant government agencies 
must enforce internationally acceptable 
guidelines that could protect this endangered 
animal. 
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