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IGTOA Progress Report Appendices 
 

Appendix 1: 

Characterization of the underwater soundscape 

Soundscape, or acoustic environment, was quantified at seven different locations in the waters around 
Santa Cruz Island including the Itabaca Canal (Fig. 1). These seven locations were chosen due to human 
activities take place at the sites (boat activity) and, represent important sites for sea turtles as feeding, 
transit and nesting sites (i.e. Las Bachas is a nesting site for green turtles; Fig. 2) 

We recorded underwater soundscapes using a multichannel data logger CATSCAm (Customized Animal 
Tracking Solutions) that includes, among other sensors, a hydrophone. The CATSCAm was deployed for 
24 hours to record underwater sound at each location. 

Marine fauna is sensitive to sound pressure. The commonly used quantification of changes in soundscapes 
are measured as changes in sound pressure within the medium. Therefore, we used these two categories 
of parameters to quantify how soundscapes differ among locations and how soundscapes vary with 
human activity (boat activity). We also quantify how soundscape changes at different locations at different 
two frequency bands, to identify if the kind of sound (low or high frequency sound) varies significantly 
over the day. Specifically, we compared locations that differ in the degree to which they are exposed to 
human activity and how soundscapes change over a 24-hour period. To test whether human activities 
change soundscapes holistically we quantified soundscapes differing in human activity and time of day. 
To assess the potential effect of soundscapes on different species we have to understand whether spectral 
characteristics (amplitude, loudness, changes at specific frequencies etc) of soundscapes change as well. 
Therefore, we analysed our data in respect to two broad frequency ranges. 

 

 

Figure 1. Locations where sound 
measurements were taken. a) 
Galapagos Islands Archipelago 
with Santa Cruz Island in the 
center. Soundscapes were 
recorded in the North and in the 
South of Santa Cruz; b) Locations 
of North of Santa Cruz Island (6= 
Itabaca Canal pier, 7= Las Bachas 
beach). c) Locations of South of 
Santa Cruz Island (1= Old pier, 2= 
Main touristic pier, 3= Craftmen’s 
pier, 4= Punta Estrada pier, 5= 
Biomar). 
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Fig 2. The image shows the displacement of a nesting female tracked from Las Bachas, during the nesting 
season (Turtle 3) toward the other side of the island in the South, crossing the coastal off Puerto Ayora in 
her way to the feeding ground at the West of Tortuga Bay. The photos also show the presence of green 
turtles in the area of the main touristic pier of Puerto Ayora (also known as “Malecon”). We used these 
evidences of the presence of sea turtles in Academy Bay, to choose the locations to quantify the 
underwater soundscape. 

Results and Discussion 

We found that soundscapes differ among locations and vary with the time of day. Both the differences 
among locations and the variation with time of day can be explained with human activities at the different 
locations. Values of all parameters analysed are always highest at day period except for the site without 
human activities (Fig. 3 A). Locations with high levels of human activities such as Punta Estrada pier, Main 
Touristic pier and Itabaca Canal pier, present the highest values of noise, with notable changes between 
day and night. Soundscapes at the two locations with less human activity are the quietest of the seven 
locations and showed little differences in noise between day and night (Fig. 1 and 3). Notably the variation 
in soundscapes during the day at the location with little human activity (Bachas) coincided with boats 
going back and forth to the beach from larger boats and with speedboats doing daily tours during the 
daytime hours. Soundscape at Bachas is less variable during the night, due to boat activities at Bachas not 
being allowed after 18:00 hours, because of the presence of marine turtles arriving to beach to nest over 
the night. 

Our results also show that soundscapes changed among locations, time of day and also differ with 
frequency band.  Noise at low frequency showed more variation in soundscapes than noise at high 
frequency. Locations with high levels of human activities, showed little variation in soundscapes during 
the day and night at high frequency while the variation at low frequency is larger between day and night 
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(Fig. 4). The variation at low frequency can be explained with the presence of boat low frequency noise 
that fit in that frequency band. 

Anthropogenic noise contributes to the deprecation of pristine soundscapes and is threatening ecosystem 
health, producing impacts on wildlife that depend on the natural soundscape. In marine animals for 
example, such impacts range from anatomical and physiological changes to behavioural alterations, 
including external physical injuries, hearing loss, masking of communication, displacement from breeding 
grounds, behavioural and energetic alterations. This deprecation of the natural soundscape through noise 
pollution can affect a wide range of animals. For example, sound produced by seismic air gun surveys 
operations provoke an increase in mortality of adult and larval zooplankton. Motorboat noise affects the 
parental behaviour of reef fish, who increase defensive behaviors in the presence of motorboat noise, 
decreasing feeding and interaction with offspring, resulting in the reduced likelihood of offspring survival 
vessel noise increases ambient sound levels which reduces the communication space for vocalizing of 
cetaceans such a Bryde’s whale and fish such as bigeye that depend on calls to maintain the group 
cohesion during feeding, which plays an important role in their predator avoidance behaviour . 

However, very little is known about how anthropogenic noise affects sea turtles, which prevents the 
development of effective conservation recommendations. What we do know, is that marine turtles are 
low-frequency hearing specialists and are most sensitive to frequencies below 1 kHz. As most energy of 
anthropogenic noise is below 4 kHz, this noise may affect sea turtles.  Thus, to quantify the potential 
effects of noise on sea turtles we have to understand what soundscapes sea turtles are exposed to 
normally and how increasing noise levels affect their behavior.. Therefore, the present work, represents 
the firsts step to know the levels of noise at sites that are important for human activities but where also 
turtles are present. We will continue this work but focusing now to understand how turtles react to the 
noise levels found in our study to assess potential effects on sea turtles.  

The noise produced by boats, is the main constant source of low frequency noise in oceans at a global 
level. Given that we found that human activities affect soundscapes at various location these changes 
might also affect conservation efforts on the archipelago. Galapagos is known for its biodiversity, and the 
marine reserve hosts several threatened marine species. Several of these species inhabit inshore areas 
where fishing activities are prohibited but touristic activities are allowed, involving a high level of marine 
traffic. Consequently, not only fishing activities, but any activities changing the soundscapes have to be 
considered when assessing the impact of human activity, as some species are present, such as sea lions, 
marine iguanas, and of course green sea turtles (Chelonia mydas). The levels of anthropogenic noise 
recorded in our studied locations are spread in a wider range of frequency and fit in the hearing range of 
the species present in the area (such a sea turtles, sea lions, fishes, etc.) with the potential of impact on 
them (Fig. 5). 



 4 

 

Figure 3. RMS level, Median SPL, SEL and Maximum levels of SPL recorded at each location at different 
period of time (day/night). Boat icons in the top illustrate the level of human activity, increase in number 
of boat icons represent more level of anthropogenic activity.  
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Figure 4. RMS level, Median SPL, SEL and Maximum levels of SPL recorded at each location at different 
period of time (day/night) at two frequency bands (50-1000 Hz= withe tringles, 1001 – 48000 Hz=black 
tringles). The gradient bar at the top illustrate the level of human activity. Boat icons in the top illustrate 
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the level of human activity, increase in number of boat icons represent more level of anthropogenic 
activity.  

 

 

Figure 5. Example of spectrogram for 30 seconds sample of audio recorded at Punta Estrada. The colored 
areas represent the hearing range of different animal groups (sea turtles, molluscs, crustaceans, bony 
fishes and pinnipeds). Hearing range for sea lions exceeded the limits of the plot with a hearing range that 
reach the 80KHz. Data of animals hearing ranged taken from Kunc et al (2016).  

 

Conclusions 

Our results provide a baseline underwater noise measurement within the Galapagos Marine Reserve 
where a lot of human activity takes place and can be used by decision-makers as another variable to 
consider when regulating human activities within the GMR. This approach can be replicated and extended 
to other areas of the marine reserve, especially those areas that represents important ecosystems of the 
archipelago, due to their biodiversity levels, including fauna that is known, is impacted for noise pollution.  
The information generated, could be used to establish limits for levels of changes of soundscapes at 
different zones of the marine protected area, to be considered in the design of management plans, to 
assure the preservation of the pristine conditions of some of the most iconic ecosystems of the 
archipelago. 
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Anexo 2: 

Field activities carried out in Tortuga Bay during the lockdown 

 

 

Figure 1. Panoramic view of Tortuga Bay during the month of May in absence of visitors due to the 
quarantine. 
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 Figure 2.  Aerial photo of the mangrove zone of Playa Mansa, showing the presence of sea 
turtles and sharks. Photo from May 2020.  
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Figure 3.  Park rangers and CDF personnel participating in the first day of monitoring at Tortuga 
Bay during quarantine day.  


