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Whale-watching tourism is growing in the world, mostly due to the charisma that cetaceans exert 
on humans as well as the constant conservationist appeal that shows a strong argument for no 
return of commercial whaling. Nevertheless, this activity may harm cetacean populations, in the 
form of behavioral changes, acoustic masking, or physiological impacts. In a long-term study on 
the acoustic ecology of the humpback whale (Megaptera novaeangliae) in its breeding ground 
off northeastern Brazil, behavioral and acoustic data were collected during whale-watching boat 
approaches in Praia do Forte, a touristic traditional center. Measurements and observations 
indicated potential impacts on the surface and underwater behavior of the humpback whales, and 
potential masking of important biological sounds when these animals come to breeding areas. 
Implications for the species as well as for environmental conservation, educational awareness 
and more use of nonintrusive research tools as the modern acoustic methods, are discussed.
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1. INTRODUCTION 
Whale-watching tourism has been considered for a long time as a great ally in promoting 

conservation through experiencing whales in their natural habitat, instead of using these animals 
in lethal ways such as for oil or whale meat (see Hoyt, 2001). It seems that whale-watching is a 
growing industry, bringing millions of dollars per year worldwide and advocating conservation 
everywhere in the globe (Hoyt, 2001; IWC, 2008). 

In South America, whale-watching began in the early 1980s in the Argentinean Patagonia 
(Hoyt, 2001), where the southern right whales (Eubalaena australis) go every year to breed close 
to the shore, with the same coastal and calm behavior that made this species easy to hunt and a 
main target for whaling in the past. 

In Brazil, this activity was initiated in the 1990s, simultaneously in Santa Catarina state, in 
the south, where the same right whales come to breed in the austral winter and spring (July to 
November) (Palazzo et al., 1994), and in the northeast, in Bahia state, where humpback whales 
(Megaptera novaeangliae) go to the shallow waters of the Abrolhos Bank to search for mates, 
give birth, and care for their young (Engel, 1996; Morete et al., 2008). 

Since the late 1990s, as a result of the conservation efforts worldwide, the humpback whale 
populations have shown an increase in their numbers (Ward, 2006; Zerbini et al., 2006; Andriolo 
et al., 2006) and past ranges, before the whaling period, have being re-colonized, stated by 
constant observations and systematic research (e.g. Rossi-Santos et al., 2008; Wedekin et al., 
2010). 

In this scenario, Praia do Forte became a strong whale-watching destination, mainly because 
of its proximity to the capital Salvador (55 km), one of the most touristic places in Brazil, and by 
the very coastal occurrence of the whales, mainly due to the narrow continental shelf (Rossi-
Santos et al., 2008; Wedekin et al., 2010; Baracho-Neto et al., 2012). 

In spite of it promoting conservation, the whale-watching industry is seen with concern about 
the possible negative influences on whale behavior and distribution (e.g. Simmonds, 2003). This 
paper aims to describe the underwater noise originating from whale-watching in Praia do Forte 
and to evaluate the possibility of acoustic masking of the humpback whale song display. 

2. MATERIAL AND METHODS 
This work was conducted in Praia do Forte (13° S, 38° W) (Fig. 1), where the whale-

watching tourism was established in 2000 (Cipolotti et al., 2005). In the region, this activity is, in 
part, favored by the large number of national and international tourists who visit the place, 
clamored by the media as the “Brazilian Polynesia”, due to the landscape including coastal coral 
reefs and sand beaches, with a tradition of coconut agriculture, composing the wonderful tropical 
scenario.  

The study area represents the narrowest portion of the Brazilian Continental Shelf, in contrast 
to the Abrolhos Bank core breeding area for the species, which is the widest portion of the Shelf 
along the Southwestern Atlantic coast (Fig.1). Recordings were conducted in waters with a mean 
depth of 50 m. That is the common depth for the humpbacks in the region (Rossi-Santos et al., 
2008). 
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Figure 1. Study site of whale watching effects on the humpback whale (Megaptera novaeangliae) behavior 
at Praia do Forte, Bahia state, Northeastern Brazil, with reference to the capital, Salvador, at 55 km south. 
The Abrolhos Bank, extension of the Brazilian Continental Shelf and the core area of humpback whale 
distribution in Brazil, is located about 300 km south. Lines represent the Continental Shelf, showing the 
depth of 200 m. 

Three main operators conducted this activity, utilizing wooden boats, known as schooners, 
and speedboats, such as a 12 m zodiac rigid inflatable equipped with a 250 hp outboard engine 
(Fig. 2). Less frequently, there was a forth operator, from the Praia do Forte Ecoresort, who 
performed whale-watching using a fiberglass speedboat with a 200 hp outboard engine. 

As part of a broader study about the acoustic ecology of humpback whales in the region, data 
on whale-watching boats approaching whales were visually and acoustically collected during the 
breeding season (July to October), from 2005 to 2010.  

A team of 3-5 observers was engaged in monitoring whale-watching boats, registering 
distance and whale behavioral data, while another observer was acoustically recording these 
events. Distance measurements from the research boat to observed whales and whale-watching 
boats were collected using a Bushnell Elite 1500 laser range-finder. 

For the acoustic recordings a system consisting of a CR 54 hydrophone connected to a digital 
recorder (M-Audio Microtrack Pro-II), with frequency response up to 96 kHz was utilized. 
Spectrographic analyses were performed utilizing the software RAVEN 1.3 (Cornell University).  

3. RESULTS 
During the acoustic study of humpback whales in Brazil, 640 minutes of sampling effort 

were extracted from 16 encounters with closely monitored whale-watching boats, from the first 
sighting of the boat towards whale groups until they moved away some time after approach. Four 
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boats of different types were identified (Fig. 2), with their noise registered from diverse sources, 
such as schooners and speedboats (summary in Table 1). 

We noted that the boat operators usually comply with the limits imposed by the Federal 
Legislation (maximum approach of 100 m away from the whale and visitation time no longer 
than 30 minutes with each group. Despite this, engine conditions and sudden departure from 
whale groups resulted in initial behavioral disturbance of the animals. 

 
Table 1. Summary of data containing the description of whale-watching boats operating in Praia do Forte, 
Bahia state, during 2009 (name, body type, engine power (hp), passenger capacity) and acoustic recording 
effort, in minutes. 

Name Body Type 
Engine 

Power (hp) 
Capacity 

(persons) 
Record 

effort (min.) 
Mãe Dalva Wood schooner 180 50 9 

Cannes Wood schooner 250 100 20 

Bahia Adv Inflatable (fiberglass 
rigid- bottom) boat 250 12 5 

Angelica Fiberglass fast boat 200 8 5 
 

 
Figure 2. Examples of different boat types such as schooners (A, B, C) and speedboats (D) engaging in 
whale-watching of humpback whales (Megaptera novaeangliae) in Praia do Forte, Bahia state, Brazilian 
breeding ground. (Photos: M. Rossi-Santos, except C – Instituto Baleia Jubarte). 

 
Noise range was widely registered from infra (<20 Hz) to ultra (>20000 Hz) sonic bands, 

mainly concentrated up to 15000 Hz for both the schooners (Figs. 3, 4) and speedboats (Fig. 5). 
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This frequency range is also included in the song of the humpback whale and indicates the 
potential for masking of some song components. 

Important behavioral observations were obtained on whale movement and reactions during 
whale-watching approaches. In July 19, 2009, from 10:50 to 11:50 am (60 min), a group of four 
humpbacks we observed at 50 m depth. Before the approach of the schooner Mãe D'Alva whales 
performed five breaches while moving in an erratic fashion. Then, the boat Mãe D'Alva 
approached and it was recorded for 7 minutes. During this time, distance from the research boat 
was measured (228 m – 30 s; 180 m - 1:30 min; 69 m - 3:10 min) (Fig. 3). When the boat was at 
69 m from the whales, they split into two pairs and started to move away from the boat. 

On July 21st, 2009, from 14:00 to 14:55 (55 min), we followed a solitary individual, 
confirmed as a singer male through acoustic recordings where more than one animal was heard. 
After 20 min, we sighted the schooner Cannes approaching in the whale’s direction. Informing 
the Cannes captain by VHF radio about our acoustic monitoring, we could obtain a controlled 
approach by the whale-watching boat, and as the boat came closer to the whale, the captain kept 
informing us by radio of the engine rotation (RPM), while we measured its distance from the 
hydrophone. The singer male stopped singing after the boat approached, started to perform fluke-
up dives and moved away from our view. The schooner Cannes tried to follow this individual 
and we could still listen to its noise up to more than 1 nautical mile away. In this context, we 
identified in the spectrogram the frequency range of the noise (up to 8 kHz) in this event. Engine 
rotation during boat displacement was 3000 RPM with distances varying from 44 to 208 m from 
the research boat (Fig. 4). 

The Bahia Adventure zodiac approached the research vessel, which was observing a 
humpback whale group of 3 adult animals, reducing speed while coming closer; the distance was 
registered while recording underwater and a fast displacement potential with noise staying for 
longer was noted (Fig. 5).  
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Figure 3. Spectrogram (frame size of 60 s, FFT of 1024 samples, Hann window, 50% overlap) showing the 
noise from the whale-watching boat Mãe D’Alva (red rectangles) approaching humpback whales (song 
parts represented inside the blue rectangles) in Praia do Forte, Bahia state, in the year 2009 (distance from 
the research boat: 228 m – 30 sec; 180 m - 1:30 min; 69 m - 3:10 min). Note that boat noise starts 
overlapping the whale song and gradually, when it decreases speed and consequently sound intensity, the 
song becomes clearer. 
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Figure 4. Spectrogram  (frame size of 30s, FFT of 1024 samples, Hann window 50% overlap) showing the 
noise evolution in time from the whale-watching boat Cannes, operating in Praia do Forte, Bahia state, 
Brazilian breeding ground for the humpback whale, Megaptera novaeangliae (engine rotation was 3000 
RMP; distance from the research boat: 44 m - 1:30 min; 69 m - 1:34 min; 170 m - 2:10 min; 208 m - 2:23 
min). 
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Figure 5. Spectrogram  (frame size of 60s, FFT of 1024 samples, Hann window 50% overlap) showing the 
noise evolution in time, from the whale-watching zodiac from Bahia Adventure, operating in Praia do 
Forte, Bahia state, Brazilian breeding ground for the humpback whale, Megaptera novaeangliae (distance 
from the research boat: 34 m - 1:30 min; 69m - 1:40 min; 172 m - 1:50 min; 321m - 2:00 min; 580 m - 2:10 
min). 

4. DISCUSSION 
The presented findings suggest that whale-watching operation produces a noise frequency 

range similar to the biological song of the humpback whale and may result in the masking of this 
important breeding display, during boat approach.  

Given that marine mammals depend on the acoustic sensory channel for many of their 
activities, forcing an animal to modify its vocal behavior or reducing its hearing capability could 
reduce its ability to search for food, to navigate, or to contact conspecifics (Richardson et al., 
1995).  

The effects of boat traffic on marine mammals in coastal areas are a topic of growing 
concern. Most of the studies addressing this problem have used behavioral attributes such as 
changes in site usage, dive patterns, swimming speed, orientation of travel, group cohesion and 
dive synchrony to indicate possible disturbance or stress caused by boat traffic (Richardson et al., 
1995; Simmonds, 2003). 

For some examples, in the Arctic, Belugas (Delphinapterus leucas) exposed to a large ship 
and an icebreaker remained vocal and emitted a large proportion of falling tonal and noisy pulsed 
calls, thought to be alarm calls, while narwhals (Monodon monoceros) became silent when 
exposed to the same noise source (Finley et al., 1990). Gray whales (Eschrichtius robustus) 
along the Mexican coast reacted differently to outboard motor and drillship noise; their call rate 
increased in the first case and decreased in the latter (Dahlheim, 1987). 

This variability in reactions could be due to a number of different physical and biological 
factors, including noise characteristics and levels at whale locations, the duration and 
predictability of the disturbance and, in the case of boats, the distance, number, type, speed, and 
angle of approach. Biological factors would include the hearing capability of the animals, their 
behavior, threshold of disturbance, degree of habituation, and need to remain in the area 
(Watkins, 1986; Richardson et al., 1995; Simmonds, 2003). Foote et al. (2000) showed that 
whale-watching boats can mask the killer whale (Orcinus orca) calls, influencing their surface 
behavior. 
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Important findings are reported by Erbe (2002) on the effects of whale-watching boats in the 
killer whale acoustic behavior. By special modeling based on data available up to 2001, it was 
found that noise from speedboats may be audible to killer whales over 16 km, may mask killer 
whale calls over 14 km, and may elicit a behavioral response over 200 m, causing a temporary 
threshold shift (TTS) in hearing of 5 dB after 30-50 min within 450 m. For boats cruising at slow 
speeds, the predicted ranges were 1 km for audibility and masking, 50 m for behavioral 
responses, and 20 m for TTS. 

In Newfoundland and Labrador, Canada, a code of conduct was established to minimize 
impacts from the whale-watching operation on humpback whales, however few operators (25%) 
have followed it strictly (Corbelli, 2006). This same work also report negative behavioral 
response from the humpbacks, which avoided boats changing their dive patterns and increasing 
other surface behaviors such as trumpeting and tail slapping. Compliance with the code was 
found to have only little effects on reducing these behavioral surface responses (Corbelli, 2006). 

In the Brazilian breeding ground, previous investigations found a negative boat effect in the 
humpback behavior in the Abrolhos Bank, which reflected in singer male displacement, 
cessation of singing and both factors concurrently (Sousa-Lima et al., 2002; Sousa-Lima and 
Clark, 2008).  

Whale-watching is a growing industry in the world (Hoyt, 2001), and Brazil is an 
increasingly visited destination. During 2001-2009, 522 whale-watching cruises left from Praia 
do Forte with 14,343 tourists onboard (Cipolotti et al., 2005; Instituto Baleia Jubarte, Unpubl. 
Data). 

Brazilian legislation has a specific law to regulate whale-watching (IBAMA 117/96), limiting 
boat approach to 100 m and visitation time with whales to 30 min. Engines should be kept in 
neutral position during observations, then gearing when the whale is sighted at more than 100 m 
from the boat. The law also prohibits excessive noise closer than 300 m from any cetacean 
species.  

Meanwhile, we know that 300 m is quite close for a whale as they communicate over much 
longer distances and boats (even small zodiacs) can be detectable above ambient noise over 
much longer distances (Clark and Altmann, 2006; Erbe et al., 2016). In the present study, boat 
noise was registered more than a nautical mile away from the hydrophone. Adequate legislation 
about acoustic disturbance should complement the existing one, including specification about 
underwater noise levels and frequency range.  

Furthermore, acoustic monitoring should be included in all aspects involving marine 
enterprises with regards to their potential risks to marine life. Despite a growing interest in 
acoustic technology around the world, in South America, especially in Brazil, it is necessary to 
improve the available acoustic equipment and scientific methods, since it is an ideal research tool 
for the future, given its large-scale range, saving time and costs to researchers. 

Companies could adopt certain measures to minimize noise propagation during whale-
watching, such as giving preference to quieter boats performing periodical maintenance to 
eliminate excessive noise from propulsion systems.  Having a specialist team of naturalists or 
scientists to provide precise information about the animals and how to approach them, before and 
during the trips, as well as skipper training to recognize whale behaviors, would also be 
beneficial. 

Ideally, whale-watching should be conducted at a sustainable level, maximizing the potential 
returns while minimizing the impact on the target species, otherwise the exposure to noise from 
boats may ultimately result in abandonment of the area by the species of interest, harming both 
the animals and the whale-watching operation (Higham and Lusseau, 2007).  
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The International Whaling Commission initiated a cooperative study to map whale-watching 
impacts on cetaceans in the world (LAWE – Large Scale Whale watching Experiment 2008). 
The biggest challenge for the future of this activity will be to continue raising people’s 
awareness and respect for whales and their natural environment, through experiencing whales in 
their natural habitat, while at the same time controlling disturbance in a world where noise is 
constant. 

5. CONCLUSION 
This work suggests that whale-watching operations have the potential for masking humpback 

whale song behavior due to the production of noise in a similar frequency band to the biological 
whale sounds and, since marine mammals depend on the acoustic sensory system for many of 
their vital activities, this touristic activity should be closely monitored in the long term.  
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